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ABSTRACT: The work aims to study the galvanic corrosion of dissimilar metal pipes in marine seawater piping systems. Soft-
ware COMSOL Multiphysics was used to simulate the potential and current density distribution on surface of coupled pipes (red

copper (TP2Y) /#20 steel, B10 copper alloy/921A steel, 921A /tin-bronze (XQT)) in a 3.5 wt.% NaCl solution and the galvanic
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corrosion 60 days after pipe coupling. The results showed that when they were coupled together, the red copper, B10 and tin
bronze pipes were be protected as the cathode, but the #20 steel and 921A steel pipes would be eroded as the anode. For cou-
pling of red copper and #20 steel pipes, the protection length of red copper pipes was 425 mm from the coupling, and the gal-
vanic corrosion length of #20 steel pipes was about 500 mm from the flange. For coupling of B10 copper alloy and 921A steel
pipes, the protection length of B10 copper alloy pipes was about 500 mm, and the galvanic corrosion length of 921A steel pipes
was about 780 mm. For coupling of 921A steel and tin bronze pipes, the protection length of tin bronze pipes was about 620
mm, and the galvanic corrosion length of 921A steel pipes was about 820 mm. In addition, the simulation results also showed
that after coupling for 60 days, the maximum corrosion depth near the inner wall of #20 steel pipe was 5.57 pm. Meanwhile, for
coupling of B10 alloy and 921A steel pipes, the maximum corrosion depth near the inner wall of 921A steel pipes was 8.31 pm.
Then, for coupling of tin bronze and 921A steel pipes, the maximum corrosion depth near the inner wall of 921A steel pipes was
8.48 um. It is indicated that galvanic corrosion of dissimilar metal pipes was closely related to the potential difference. Mean-
while, during galvanic corrosion, it is easy to cause the nonuniform macroscopic distribution of pipe potential and induce the
corrosion caused by macroscopic potential difference.

KEY WORDS: copper alloy; seawater pipe system; dissimilar metal coupled pipes; galvanic corrosion; electrochemistry; nu-

FIRER, S5 MKAE AR P SRl A I R A Tl DL 5 .65 -

merical simulation

FEL A o 1 oA 4 T A A Ak DL ) B ol 9 4 T =X
Z— W UL KA I e A e U A A I K
B ARG, B A T IR R S I AR T ST R 4
JE WRREZ T S B, R, FESEPRR R AT,
FHE A S RV PRI PP K IR A Bt R p, R A 2R
R A AT 2 A P E ) AR okt DT 3 AR T
BARIIRe e de, SEmxd A 2 A L nT S A
1531l ) A v ™ AR . R, SRR IR 2
L ok 1] AL 2, Oy AU F 95 80 T 9 T4 P R
fifg P i B R ) — 11

SR, 41T 4 T A A T AR 28 vl el £ 8 o ) 0
AIRFFE, H RTR 280 & Rl i e A b kAT K
YIS v S ke b AT BT BEE BRI B L R Y
A, BT B AR % % B T I A A o6 1T
G = B o BSOS AREL  T ORT I ok 1) e A R
9 JEB AT VE B TR o AR R T AL G5 1K JE ) S 56 B
5%, B AR A SRR R, AR 3
FFE 20 tH22 90 4FRAR, 4R A OSR AU T8 1
P, BT B B SR R MO T I B0 el A R A
5 R AAREERE ., tah, Rl
T 5 BT B T U Y T A I Sk AR R X L ok
FRRRE , 25 SR, A5 I PO J) 3 I e b 25 5 3k
1 RE AR R RGN . T A L A S TR I LA
BT LA AR 1T L) A5 5 b i v 5 2 K 2R vp 14 )i
[, RALAG R AE RSB B Dl 5 2255 R AR X 3=
WAL g . KA . BH FH A A% TR HE 55 2 Fh 3R
Bigth, Wit sy s T O AN T R K
ARG T, 3825 5 DR A BRI 745 kA I8 Bl ) S 0
R ERYE . X, T AR A AR
AT 7050 #3545 AerMet100 A XA, I X H:
JE UG BLFEAT TR T TN, LA R SR i B
EEAE . A, TRAREIET Nernst-Plank J7

FEM G IC i, R T PR R e A e A 1 A
R, IR — R R T B RE A SR

E4 A 1k, AR E AN 22 2 3 Al B AR
P57, BFFE T S 4 JE B2l ur 5 R i B s ol JF
AT SR A Tt AT TR0 SR, KAy
2P 250 EEL A ok %) ) ECASERULAT 9 A0 4 v A R AR oy
A3 Tt T2 X S A 4 A A R T A S
T AR ARSI Y, U S 4 JE A kA r
JEh, SRR BARR LS, BRI AL IR
B BE AT A B LA B S b A7 50 B S ) ) A AR A S5 O T
A HIE o AN SCEF AN K4S R 54 (TP2Y ) /20
TN B10 4G 4:/921A . 921A /8 HH (XQT)
MRS R S, R 29 305 B
COMSOL Multiphysics A& e, BF5E T H M
()N TR] 42 8 7E 3.5% NaClVA R H I B e (X & A
I A, EIE N R E AR R A
FECIERE I, E— 05 T REE IR A Ak, 1R R
Xof BH R A 4 a8 45 T 0 8 R O, A A 3 O o ) B B0 5
He e, FRALEAR THE,

1 RIG
1.1 #RI5F%

EBAEHITE Z 0, 0T ABUE AR At E Ak
RS, T T RR 4 R MEHE 3.5% NaCl iF T
ohoE AE 2 A AT S IR B o K 58 R S R

(TP2Y ). 20 S8, BI0 Hl&4 . 921A ‘WA T4
(XQT), HAPRIEIZE s W 1—5,
R R LGN =B R, Sy 217 A

WARTH R A, FAFEACA R B A, TAE At B
AR (TP2Y ). 20 54K . B10 4i& 4. 921A



£ 66 - e S

2023 4 4 A

F1OEW (TP2Y) BEmUFERSTR (RESH, %)

Tab.1 Chemical components of red copper (TP2Y) sample
(mass fraction, %)

S Sb As Fe Si Cu
0.01 0.002 0.002 0.005 0.02 99.961

®2 20 SHHERUERIR (RESH, %)
Tab.2 Chemical components of 20# steel sample (mass frac-
tion, %)

C Si Mn Cr Ni Cu Fe
0.2 0.18 0.4 0.2 0.3 0.25 98.47

®3 BIOfIGEHRUFERDER (RESH, %)
Tab.3 Chemical components of B10 copper alloy sample
(mass fraction, %)

Ni Co Pb P Fe C Bi Cu
55 45 001 001 0.2 0.03 0.002 89.748

x4 921A MERKLFERIR (REFTE, %)
Tab.3 Chemical components of 921A steel sample (mass
fraction, %)

C Si Mn Cr Ni Mo S P Fe
0.08 0.18 0.3 09 28 025 001 0.02 9546

x5 HFW (XQT) WUERSER (RESH, %)

Tab.3 Chemical components of tin bronze (XQT) sample
(mass fraction, %)

Sn Zn Pb Ni Cu
2 8.5 5 1.3 83.2
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