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GRAY MODEL AND GRAY RELATION ANALYSIS FOR
ATMOSPHERIC CORROSION OF CARBON STEEL AND LOW ALLOY STEEL

WANG Hai-tao, HAN En-hou, KE Wei

Environmental Corrosion Center, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016

ABSTRACT: Aumospheric corrosion rate of carbon steel and low alloy steel was modeled by gray mod-
el, the model has very good precision. By using gray relation analysis, the relation between environmen-
tal factors and corrosion rate was examined, the result shows that relative humidity, the time of relative
humidity >80 % and temperature are the main influence factors for atmospheric corrosion of carbon-and
low alloy-steels.
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Table 1 Atmospheric corrosion rate

primary data and calculated data of 20

atmospheric corrosion rate, mm/a
zone LER LPE
1a 2a da 8a

PD 0.0358 0.0207 0.0133 0.0106
Beijing 0.0609 1
CD 0.0358 0.0202 0.0142 0.0099

PD  0.0715 0.0483 0.0368 0.0295
Qingdao 0.0243 1
CD 0.0715 0.0478 0.0373 0.0290

PD 0.0494 0.0278 0.01838 0.0109
Wuhan 0.0384 1
CD 0.0494 0.0277 0.0179 0.0115

PD 0.0806 0.0644 0.0385 0.0253
Jiangjin 0.0375 1
CD 0.0806 0.0631 0.0393 0.0245

PD  0.0562 0.0394 0.0267 0.0174
Guangzhou 0.0183 1
CD  0.0562 0.0391 0.0262 0.0176

PD  0.0322 0.0235 0.0226 0.0398
Qonghai 0.4525 0.75
CD 0.0322 0.0198 0.0271 0.0371

PD  0.0453 0.0355 0.0553 0.1251
Wanning 0.2156 1
CD 0.0453 0.0273 0.0538 0.1058

PD = Primary data, CD = Calculated data, LER = Late Error Ratio, LPE = Lit-
tle Probability of Error

Table 2 Atmospheric corrosion rate primary

data and calculated data of 12CrMnCu

atmospheric corrosion rate, mm/a
zone LER LPE
la 2a 4a 8a

PD 0.0327 0.0199 0.0128 0.0097
Beijing 0.0488 1
CD  0.0327 0.0195 0.0134 0.0092

PD 0.0594 0.0321 0.0251 0.0196
Qingdao 0.0035 1
CD  0.0594 0.0320 0.0250 0.0196

PD  0.0455 0.0257 0.0190 0.0093
Wuhan 0.1018 1
CD  0.0455 0.0261 0.0168 0.0109

PD  0.0585 0.0510 0.0303 0.0210
Jiangjin 0.0639 1
CD 0.0585 0.0498 0.0315 0.0199

PD 0.0525 0.0377 0.0282 0.0181
Guangzhou 0.0650 1
CD 0.0525 0.0378 0.0268 0.0190

PD 0.0257 0.0203 0.0180 0.0178
Qonghai 0.1291 1
CD 0.0257 0.0200 0.0187 0.0174

PD 0.0321 0.0251 0.0233 0.0325
Wanning 0.5203  0.75
CD 0.0321 0.0230 0.0267 0.0309
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Table 3 Conjunction degree of environmental factor and atmespheric corrosion rate of 20

time T,C RH, % RH>80% (h/a) P, mm/a Cl™, mg/m® SOy, mg/m?
cC 0.8065 0.8532 0.8295 0.7738 0.7045 0.7518
e SN 3 1 2 4 6 5
cC 0.7858 0.8223 0.8278 0.7631 0.7199 0.7711
2 SN 3 2 1 5 6 4
cC 0.8038 0.8337 0.8658 0.7909 0.7328 0.7328
e SN 3 2 1 4 5 5
cc 0.7660 0.7711 0.7789 0.7405 0.7296 0.6859
sa SN 3 2 1 4 5 6
CD 0.7824 0.8201 0.8255 0.7608 0.7217 0.7354
SN 3 2 1 4 6 5

CC = Conjunction Coefficient, SN = Serial Number, SD= Conjunction Degree

Table 4 Conjunction degree of environmental factor and Atmospheric corrosion rate of 12CrMnCu

time T,T RH, % RH>80%(h/a) P, mm/a Cl™, mg/m’ S0, mg/m®
cC 0.7982 0.8457 0.8003 0.7708 0.6831 0.7309
e SN 3 1 2 : 4 6 5
cC 0.8390 0.8501 0.8382 0.8006 0.7016 0.7595
2 SN 2 1 3 4 6 5
cC 0.8734 0.8869 0.8895 0.8484 0.7187 0.7294
s SN 3 2 1 4 6 5
cC 0.8262 0.8632 0.8806 0.8034 0.7060 0.7067
$a SN 3 2 1 4 6 5
CD 0.8342 0.8615 0.8522 0.8058 0.7024 0.7316
SN 3 1 2 4 6 S
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