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ABSTRACT: This paper aims to study the corrosion behavior and mechanism of coated alloy steel under the laboratory
simulation and strengthened corrosion environment, and establish the accelerated test methods for evaluating the corrosion life

of coated steel. Utilizing the designed test spectrum of accelerated corrosion environment in laboratory simulation, cyclic
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salt-spray accelerated corrosion tests were performed to simulate the marine atmospheric environment effect. By such
instruments as appearance inspection, SEM, XRD, electrochemical measurement etc., the corrosion performance of specimens
with different exposure time, such as corrosion weight loss, corrosion morphology, corrosion product composition, polarization
curves and impedance spectroscopy were characterized. Accelerated corrosion behavior and mechanism of coated alloy steel
were analyzed and concluded. As the corrosion exposure time progresses, corrosion weight loss of the coated alloy steel
specimen conformed to the power function law, the corrosion rate decreased, increased and decreased. The surface morphology
transited gradually from corrosion products of the coating layer to the rust layer of substrate metal, and the main chemical
constituents of corrosion products from hydroxy-zinc-chloride and zinc-hydroxide to iron-hydroxide gradually. The corrosion
current density fitted by polarization curves fluctuated around the average value, and the corrosion potential fluctuated upwards.
Capacitive loops of electrochemical impedance spectroscopy varied from one to two, and the low and medium frequency of
capacitive loops appeared a straight line representing typical characteristics of Warburg impedance. Therefore conclusions are
obtained as follows, the accelerated effect is significant for the coated alloy steel corrosion by cyclic salt-spray test, the
corrosion behavior and mechanism of coated alloy steel are more comprehensively characterized from such aspects as corrosion
kinetics, morphology and constitutes of corrosion products, and electrochemical mechanism to provide conditions for further
investigating the simulation and correlation of accelerated corrosion test.
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Tab.1 Chemical composition of specimen substrate

wt.%
Material C S Mn Cr Mo Ni e
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40CINiMoA 0.37~ 0.17~ 0.50~ 0.60~ 0.15~ 1.25~ Remaining
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Fig.1 Schematic diagram of application sequence of
accelerated corrosion test conditions
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Tab.2 Corrosion data of coated alloy steel specimen
with different exposure timein acceler ated
corrosion environment

Parameters 5d 10d 20d 40d 60d 80d
Weightloss/ 5 15 799 39.16 213.0 393.26 505.48
(mg-em™)
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Fig.2 Corrosion kinetics analysis of coated alloy steel specimen exposed in accelerated corrosion environment:
a) weight loss variation trend; b) corrosion rate variation trend; c) segmentation fitting curves of weight loss
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Tab.3 Fitting results of weight loss of coated alloy steel
specimen exposed in accelerated corrosion environment

Exposure period/d Fitting method A n R?
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Fig.3 Corrosion products morphology and EDS spectrum of coated alloy steel specimen with
different exposure time in accelerated corrosion environment
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Fig.4 EDS spectrum of coated alloy steel specimen with different exposure time in accelerated corrosion environment
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Tab.4 Elemental atom percentage of corrosion products of coated alloy steel
at.%
Exposure time/d (6] Fe Cr Zn Cl Ca
0 ( Original state ) 11.44 5.17 1.96 81.43 — —
5 (Region 1) 26.02 3.56 0.38 57.14 12.36 0.53
10 (Region 2) 21.04 17.03 0.76 50.73 8.93 1.52
20 (Region 1) 26.28 65.92 0.82 6.98 — —
40 (Region 1) 25.89 69.41 1.17 — 3.53 —
60 ( Region 2 ) 22.11 73.82 — — 4.07 —
80 (Region 2) 24.88 70.65 — — 4.48 —
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Fig.6 Corrosion products XRD results of coated alloy steel specimen with different exposure
time in accelerated corrosion environment
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Fig.7 Polarization curves analysis of coated alloy steel specimen with different exposure time in accelerated corrosion
environment: a) polarization curves; b) corrosion potential and current density



. 244 - Fom AR

2022 4 4 A

x5 WMUMZEHEER
Tab.5 Fitting results of polarization curves

Exposure E.y; (vs. SCE)/ Jeor! b/ b,/
time/d A% (A-em?)  (mV-dec!) (mV-dec)

0 —-0.840 14.779 556.1 172.8
5 -0.766 22.012 2309.0 45.1
10 —0.495 4.044 168.4 204
20 —0.482 26.557 107.4 200.5
40 —0.463 24.430 134.7 238.7
60 -0.554 30.868 117.3 220.0
80 -0.429 18.5 128.3 291.8

FEL UL 2 B R R S LR R KA L T B sl i AR b 3,
TR i P T ok P A A e A v bR
FLA R S B 3 b T AR A B, RS R T
e i e i 2% B I [A] 194 S 4 T e sl A0, 3 S5 4 i o
7R R R A RO R

KRS ZREE 5 d BURE S AR 35 28 Bk W 460
N, B2V AR R TR 5 BRI R R )2 A i S
LT R A o 2 PR A A R 7 5 A 2R R A
() PR A %) o L A7 R LB 7, LA A A ) R 2
S, WK 7a Fras, X R IZAE R i PHAR AE 5 i
AT SEARTE B T B AR R . T R EE
(0~10 d ), J& /e 370 285 32 WS AR Jon s i i R %, [
ik JE b S R B T, 3K 5 B )2 T A6 ok S T
PR IAAC; RRETH (10~60d), JEMA
T R AR e, (AT o 7 S R R AR R T
TR, 335 I B B A 2R TR U i 4 M T b A
FOEA K, JEM AT R e 555 )2 R vE A
X BRBEFW (60~80d), i i JE i i i 2
W B/ N L o R S PR T X 5 B 2 2 i
JEFBUFAA O, BLES TR Bt — 838 R
F14) BB i S ) o
2222 BABLIE

&l 8 i AN R AR R I ]S & 32 5 A AN AL A
TR R AR T A B AL 24 BH BT ( Electrochemical
Impedance Spectroscopy, EIS) Nyquist £k, MKl 8
TR, REEIMREEE 5 d BYRELTE Nyquist
B EREUN 1 AP, FE R 5 s A il
Ut BB J22 A TR b A SR B A A T B R R
2% 10~20 d J7, FEAEAESTINEHTHE K, 78 Nyqusit
P R A A XA 1A ZNAS BT IRT r O IXC A 14
REBUIR, 25§ 40~80 d J5, FEfh Nyquist B I8
XFHFIHH B 1 KB, X8 T Warburg BHPT Y HL I ER
AR FoR MR FU AP BUVE T o SRIE 9 s i 455K
FLEE XTI 8 (%) EIS MHZRETHIE, H R, RREW
M, CPE, F/RE =PI Es, Ry F/RJE 1l
YR, CPE, /R B )ZHE, R F/RBmEHE
FH. 4 EIS W% o faT 0 B, 0 LITS 2L fE
Ry=RrR..

1400

1200 |
1000 ™

[ele]

[=3

S
T

Zi/(Q - cm?)
(=)
(=1
(=1

400 -

_____

0 400 800 1200 1600 2000 2400 2800 3200
Z/(Q - cm?)
P8 5 B 5  RE il o ol 5 8 AN [
I I 5 A A 2 B BT 3
Fig.8 EIS of coated alloy steel specimen with different
exposure time in accelerated corrosion environment
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Fig.9 Equivalent circuit model of fitting EIS data
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Tab.6 Fitting results of parametersin equivalent circuit model

Exposure R/ ( le')CEI;I{Z ) o ( ngl)flfl/,z ) Ry
time/d  (Q-cm?) 57 (Q-em?) ) (Q-cm?)
0 107.1 1.61x10°  373.1 6.45x10° 1926.1
5 128.7 1.15x10* 1574 3.05<10* 1655.4
10 6.616 1.34x10* 6662 4.94x10 1492.8

4.34x107 9.53x10°
1.87x1072  804.3

1.17x107"2 1.04x10"
7.65x107 8.58x10°

20 123.0 1.47x107° 1352
40 1.14x107°8.39x10°  102.5
60 149.5 7.74x10° 5549
80  6.35x107°3.45x107  472.7
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