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ABSTRACT: The work aims to investigate the corrosion behavior and rules of E420 low alloy steel in seawater environments
of the reef in the South China Sea. Field exposure test was carried out on E420 steel in the splash, tidal and immersion zones of
South China Sea for 0.5 a, 1 a, 1.5 a and 2 a to study its corrosion morphology and law of dynamics and establish a grey
prediction model GM(1,1) about corrosion rates. With the extension of the exposure period, the corrosion rate of E420 in
different seawater zones of the reef in South China Sea decreased, while the pitting depth reached a higher level as a whole. The
corrosion rates of E420 in the splash zone were the largest, far greater than that in the general sea areas, followed by the tidal
zone, and the full immersion zone was the minimum. The relative error between the predicted corrosion rate based on  GM(1,1)
model and the measured corrosion rate was less than 25%. The environment in different seawater zones of the reef in South
China Sea has severe corrosion property, especially in the splash zone, where formed anti-rust layers have limited protective
effect. Corrosion tends to develop unevenly with time, and the grey model GM(1,1) can be used to predict the seawater
corrosion of different zones in the South China Sea reef.

KEY WORDS: steel; reefs in the South China Sea; seawter environmets; corrosion

WA B : 2020-04-07; 1EITHHE: 2020-04-17

Received: 2020-04-07; Revised: 2020-04-17

1EE/N: THERE (1990—), B, Mid, T2)F, TE2HRF @AM BIRS G,

Biography: DING Kang-kang (1990—), Male, Master, Engineer, Research focus: corrosion and protection of materials.



<2 g K E TR

2020 4 10 A

W 5 3 1 % T R TV R DS IR A AN T T K, A e iR
JFEWFE LA AR T B WO . TR TARSAE TR, Bk
SN, B R RIRN i I A X
IKPRGEIN R WS, Ao T 45t B 7E Boas 2tk
REMVATSE &, PR UEAS B 2k, JEHOR LA
[Fi) /K PR BT T I kg | 14 45 K R XU o 32 T 3
Flk ., R SRMIRAEE S R R, Gk
e SR i i AR A R Rk R A A
Giit, HpRR A 3 e f, U ER R T
FERRAE P BE AV T A7 i, DR A P VA BR3P AT 5 E
JIA 2 T B 2 ) — SRR BT

E420 1 — PP 10 i o B VPR A R Y, A
MR L WSk L RIS S TR B AR AR
2 R o A O T 8 4 22 DX 7K
FRPIR DL, 75 P T & BEE T AN () DX A7 ¥ K PR 458 A 2R
B v, RE M R, Bl BT
My FCAE B RER BT P 00 & AL PERE, 1T LA g v
TERFRIE T e £ I H BEAE M Bt (9 eI b1 L 4R B 4k
AR T

F TSR] A AR AR FOK, AP AR IR &
SRR R, ST A B e 1 2 R e
TR RIS B A f) R 1o 2 R R0 A
T 1 T 8 R 7K PR T rb — 72 S 18] PN A G ok A7 S A8

R 754, XFH8 SRR T &, 3 g i 5 il
WA REAERHEENE L, Hd, KEHRR
GM(1, ) TEJE P Fum A5l Ak A5 17 T 3z o, A &
— Pt JEL AR B AR Bohn 2 A (A Ty A ) 55
A FUA B F AT R ) R . GM(L DR
ATRERZHEE, —BHTE 4 MRS, A
Py s g D | 51 1 S A K mT S AR () R
W, ZEARE & A BIEAEE T &8 AR A [ S 1
(0.5, 1, 1.5, 2a) Jifdd s pgmt>-161,

1 RETE

I AR N E420 IRA &8, HEMRSTH
200 mmx100 mmx3.8 mm, iAFERKNIEE TRMEL
Wil g7, B o DL 1. a0 M oS e R Vg
HE, MEKAESERREE A 29.1 C, MRS MESLPR A
PEBETH RS, TG | 8 22 RN 4R £ Xt 4 AT KR
BRI RIS GBT 6384—2008 { filsfif Mz itF
T TR 4 8 AR KSR A 58 v 4 U 7K ik i 6
) PEAT, BOMETIE T J AL EE, X RE RS B
PR N A S, R TR R R A R 4
b WEEEE T, W05, 1. 1.5, 2 a
J& A B HEAT IR, AR RS 1 5 B AN [R] DY P58 T
RS B o

&1 ER0MBEZELFERS

Tab.l Main chemical composition of E420 %
C Si Mn Ni Cr Co Mo Nb
0.10 0.35 1.52 0.65 0.24 0.085 0.074 0.055 0.026
IR EE S IR GB/T 16545—1996 Bt il 485 7 5 M@y .1
Yy, Frat, THAIERESE, SR GB/T 18590— B=| :
2001 FPAGU S FI I S B R £ B T AR ATHLIE % O

REEBREFRIETE S, KA 3D W isfEe e Bt e o X 35
AT RHOWIE S S

FE T AR 336 L i b B, T ol R R A T
MFERL GM(1,1), ZA R T xR R EdE < O7E 2
A A TR BON A ROE x5, I AR . HOK
Ay 97 R AR N xOk)+azV(k)=b, Hid, kB
H 1,2,,m5 200k NEH] X VR AR A B, B
2V =ox (k) +(1—o)x(k—1) Ca BUE 0.5 )0 X0 FR N
KSE, a R ERRE, ZD0FRN AR S, b
B R A T

SR ) e

]

u=

b
92

Y=
x© (n)

TR GM(, DI RR N Y=Bu, R/
PR A u Jm, RIeR B ORI 2 k=2,3,-+.n YA i
SR ) SRR 2O, B s AR e ] AR
AR TN 5 7

2 #R5iE

21 BHERFH

FE ST 22 MR KRR 0.5 a Y]
E420 IAEBREHIE A2 MIESE, W 1 frR . E420
e 5 B I X R 36 B T — 2 R A A (a4 il
Yy, SSIRETINGE, HIERGE AR, BRSO ERNE.
25 M 415 XA B420 iRFE S B S i, R
PR SR BSOS BE VTR B 5 S =) 2 R B
Z 5, TOHR Jy s S B A e, SSHER AN S
W% o JE i PR 2 N SR B O B e, S A



17 10 THEHESE . EA20 7 [ i 5 AR K PRI i AT D LRI ST °3-

ZEEANXT R BREE)E, LRI KRR I A o K W MR U R A PR, T RIRIX,
JEE TR A B o

H, R M AP T HCRAS SRR R A

d &k, BREE e W2, BREE f &%, BREE
El 1 E420 BiEARXH 0.5 a @ ih WIESR

Fig.1 Macro-morphologies of E420 exposed in different seawater zones of the reef for 0.5a: a) splash zone,
before derusting; b) tidal zone, before derusting; c¢) immersion zone, before derusting; d) splash zone,
after derusting; e) tidal zone, after derusting; f) immersion zone, after derusting
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Fig.2 Micro-morphologies of E420 exposed in different seawater zones of the reef for 0.5a:
a) splash zone; b) tidal zone; ¢) full immersion zone
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Fig.3 Macro-morphologies of E420 exposed for different periods in different seawater zones of the reef:
a) splash zone, 1 a; b) splash zone, 1.5 a; c) splash zone, 2 a; d) tidal zone, 1 a; e) tidal zone, 1.5a;
f) tidal zone, 2 a; g) full immersion zone, 1 a; h) full immersion zone, 1.5 a
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Fig.4 Histograms of corrosion rates (a), average pitting
depths (b) and maximum pitting depths (c) for E420
exposed in different seawater zones
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Tab.2 Precision inspection of grey prediction model GM
(1,1) for corrosion rates of E420 in the tidal zone in

Chenhang Island
75 JE AR B/ T {e/ FR2%/ AEXF
BflAl/a (mm-a™) (mm-a™) (mm-a™)  RE%
0.5 0.483 0.444 0.0390 8.08
1 0.358 0.352 0.0057 1.58
1.5 0.270 0.280 —-0.0096 -3.57
2 0.229 0.222 0.0071 3.08
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Tab.3 Precision inspection of grey prediction model
GM(1,1) for corrosion rates of E420 steel in the
splash zone of the reef
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2 0.520 0.453 0.0667 12.84
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Tab.4 Precision inspection of grey prediction model
GM(1,1) for corrosion rates of E420 steel in the full
immersion zone of the reef
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0.5 0.348 0.371 -0.0230 —6.61
1 0.286 0.284 0.0015 0.51
1.5 0.219 0.218 0.0008 0.36
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