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Corrosion behavior of structural steel in simulated marine and

industrial atmosphere environment

SHU Ganping', CHEN Yao®, LU Ruihua', WU Cheng feng'
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Civil Engineering, Southeast University, Nanjing 211189, China;2. School of Civil Engineering and Architecture,
Jiangsu University of Science and Technology, Jiangsu Zhenjiang 212100, China)

Abstract: The corrosion behavior of carbon structural steel in two different simulated environments were studied by
simulating marine atmosphere with salt spray test and industrial atmosphere with alternate immersion test. The
corrosion micro morphology of carbon structural steel in two different environments was analyzed by SEM. The
pitting depth distribution model and variation coefficient of pitting depth were obtained by three-dimensional non-
contact surface morphology analyzer. The results show that the corrosion morphology of carbon structural steel is
obviously different in two different atmospheric environments. The relationship between average corrosion depth
and time is a power function. The pitting depth approximately follows the normal distribution, and the variation
coefficient of pitting depth decreases with the increase of corrosion time, which can be used as one of the evaluation
indexes of carbon structural steel corrosion characteristics. Then, the gray system theory was used to analyze the
correlation between indoor and outdoor corrosion of carbon structural steel, which verified the rationality of indoor
simulated accelerated corrosion test. The correlation prediction models of indoor and outdoor corrosion were
established, which can be used to predict the corrosion depth of carbon structural steel in marine atmosphere and
industrial atmosphere.

Key words: carbon structural steel; microscopic morphology; pitting depth; variable coefficient; correlation model
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Tab. 1 Chemical composition of Q235 carbon steel / %

(A= %y C Si Mn P S
R4 8 0.208 0. 248 0.508 0.017 0. 006
=3 %y Cr Ni Cu Mo Als

e 0.026 0.010 0. 008 0.003 0.025
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Tab.2 Test design
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Tab.3 Corrosion test environment
R kK
T W5

VW . 3. 5% NaCl+0. 001 mol/L NaHSO, ;
% M EE. 35+2°C; BE: >95%RH;
R KK PHAH: 6.5~7.2; BES)JEH: 12045 MPa;

JEIR AW 12 h(B{Z5 6 h, {5557 6 h)

VW : 0. 01 mol/L. NaHSO; +-0. 001 mol/L. NaCl;

WBE: 4542 °Cy BB 7000+£5% RH;
JE Tl
R koA PHE: 4.4~4.8;

PEFJAR: 2 h(i K 18 min, 2{@ 20 min, HEK
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Fig. 1 Interior of salt spray test chamber
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Fig. 2 Interior of alternate immersion test chamber
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Fig. 3 Corrosion morphology of carbon steel sample in simulated marine atmospheric environment
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Fig. 4 Corrosion morphology of carbon steel sample in simulated industrial atmospheric environment
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Fig. 5 Surface micromorphology of sample- simulated

marine atmospheric environment
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Fig. 6 Surface micromorphology of sample- simulated

industrial atmospheric environment
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Fig. 7 Scanning results of surface morphology of the

sample after corrosion (Salt spray 3 600 h)
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Fig. 8 Cross section morphology of corrosion sample
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Tab. 4 Test results of pitting depth distribution model

B A 2K

RXFE/h
w/pm 14 R-square cov
600 7.159 3..349 0. 960 2 0.468
1200 17. 143 8.217 0.953 5 0.479
1 800 28.413 13.521 0.968 5 0.476
2 400 35.425 15. 258 0.961 4 0.431
3 000 42. 347 16. 502 0.986 3 0. 390
3 600 74.543 30. 281 0.985 5 0. 406
4 200 162.193 49. 888 0.981 9 0.308
120 5.762 3. 183 0.967 5 0.552
240 8.689 4.759 0.977 4 0.548
480 13. 665 3.992 0.996 9 0.292
720 22.412 9.292 0.953 6 0. 415
960 24.432 12. 408 0.971 1 0. 508
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Fig. 9 Relation curves between corrosion depth and

time of samples
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Tab. 5 Grey correlation degree between simulated marine
atmosphere and Qingdao marine atmosphere corrosion
T8 B G HR B R B 7/ pm
Q235 A3 3C 20 X,

i )

1 a(600 h) 79.0 74.9 58.9 71.5 295.0
2 a(1200h) 114.0 105.5 81.4 96. 6 436. 1
4 a(2 400 h) 209.2 118.0 120.0 147.2 644.7

8 a(4 800 h) 288.0 199.2 191.2 236.0 953.1
16 a(9 600 h) 320.0 332.8 316.8 432.0 1409.1
FELE v 0.630 0.595 0.743 0.780 -

x6 BUBEXASEATHEFRSERREBXKE
Tab. 6 Grey correlation degree between simulated marine

atmosphere and Wanning marine atmosphere corrosion

T3 T SR BRI R v/ pm

el Q235 A3 3C 20 X,
1a(600 h) 71.2 49.0 34.6 45.3 295.0
2 a(1200h) 156.5 89.3 52 71.0  436.1
4 a(2 400 h) 480.8 193.2 151.6 221.2 644.7
8 a(4 800 h) - 731.2 670.4 1000.8 953.1
16 a(9 600 h) - - - 2022.4 1409.1
RECE ¥ 0.698 0.762 0.779 0.745 -
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Tab.7 Grey correlation degree between simulated industrial

atmosphere and Jiangjin industrial atmosphere corrosion

L3 Tl R P AR 8 SR K / pm

I )
Q235 A3 3C 20 X
1 a(240 h) 88.0 69.0 58.3 80. 6 159. 4
2 a(480 h) 116.3 105.8 94. 8 128.8 193.6
4 a(720 h) 208.0 129.6 112.8 154.0 285.8
8a(l1920h) 262.4 173.6 147.2 - 622. 4
FHRE v 0.648 0.727 0.697 0.651 -
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Tab.8 Correlation model between indoor accelerated

b

iy

corrosion and outdoor corrosion

RAHEE =B IR (P S e it
I 118 B il 1 T.=46. 255
pat 3.5%NaCl+ 0. 001 ShASF(10)
Vi ik ey Y 2 mol/L NaHSO, T.=15. 49 T4
HEHERA A1)
0.01 mol/L NaHSO, + T.=61. 62T5"°
Tk k=

0. 001 mol/L NaCl K (12)
T T T B B0 <A 8 G ol 5 32 JOT T 7 ) ‘s PR JE ks 1] /
hy T RIEFRAIFEET . 20 i ] /a.
Hoer, 23(10) o] LTI 5 8 5 A0 DL 1 2 ifg
HERAWEE; A (1) v LLHI 5 77 77 A6 2L i i
R TE R R 3 (12) T LA 5T
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