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Research on Corrosion Behavior and Corrosion Mechanism of

Carbon Steel in Cooling Water of Hydropower Plant
FENG Wen-gui', WEI Run-zhi*, WANG Sheng®, YANG Xing-qian', WEI Wen-chang®, LIU Zheng’
(1. Guizhou Wujiang Hydropower Development Limited Liability Company Silin Power Plant, Sinan 565109, China;
2. Guangxi Key Laboratory of Electrochemical and Magneto - chemical Functional Materials, School of Chemical and

Bioengineering, Guilin University of Technology, Guilin 541004, China)

Abstract: In order to explore the corrosion behavior of the surface of carbon steel equipment substrate caused by the cooling water in hydropow-
er plants, corrosion coupon method, surface analysis and electrochemical measurement technology were used to study the corrosion laws and
corrosion mechanisms of Q235 carbon steel sheets immersed in cooling water of hydropower plants. Results showed that the Mg®* and Ca® in the
cooling water accelerated the corrosion process of carbon steel. The kinetic simulation calculation was used to study the factors inducing the re-
action and it was found that with the presence of Mg>" and Ca> , the mean square displacement and the diffusion coefficient of the corrosion
product film both increased to a certain extent, and the corrosion ions were adsorbed by means of forming chemical bonds with the corrosion
product film surface, thus obtaining a large adsorption energy. So it was concluded that the increase of Cl~ content would aggravate the corrosion
of carbon steel equipment in hydropower plants, and the coexistence of Cl, Mg, and Ca elements in cooling water was the reason for the in-
creasing corrosion rate of carbon steel equipment.

Key words: carbon steel; corrosion mechanism; cooling water; electrochemistry; dynamic simulation
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Table 1 Composition of simulated cooling water

BT S i/ (gL FH/ (mol-L7")
CaCl, 0.222 0.002 0
NaCl 0.936 0.016 0
KNO, 0.586 0.005 3

Na, S0, 0.284 0.002 0
MgSO, - 7H,0 0.396 0.001 6
NaHCO, 0.302 0.003 6
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Fig. 1 The effect of different immersion time on the surface morphology of carbon steel sheet
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Table 2 Element content of corrosion products on carbon steel

surface after cooling water corrosion for 14 days

TLH e w/ % A/ %
C K- series 8.75 19.39
0 K - series 30.76 51.18

Mg K - series 0.43 0.47
Al K - series 0.18 0.18
Si K -series 0.30 0.29
p K -series 0.03 0.03
K -series 0.02 0.02

cl K - series 0.04 0.03
Ca K - series 0.31 0.21
Fe K -series 59.16 28.20
Mt K - series 100.00 100.00
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Fig. 2 XRD spectrum of corrosion products on carbon steel

surface corroded by cooling water
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in different corrosion solutions
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Table 3 EIS parameters

KREBG B/ R/ R/ e Ra/ Ca
(Q-em?) (Qrem®)  y,/(1008" -0 eem™) n (Q-em?) Y,(107°8"- Q" -em™2) n

0 137.0 1175.1 15.20 0.87 471.5 2 388.9 0.71
4 97.1 710.8 28.43 0.67 454.5 2 836.5 0.64

WHIK 7 20.6 1 012.5 18.35 0.81 427.3 7 169.9 0.77
14 139.0 826.7 11.97 0.73 371.7 1289.5 0.69
28 146.0 1012.4 20.13 0.72 343.3 3998.3 0.74
I 152.7 1175.2 12.97 0.75 465.7 1714.4 0.80

[PV 1 129.0 975.1 11.10 0.69 408.3 1 804.2 0.68
111 172.9 710.8 14.25 0.63 374.7 1721.5 0.66
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Fig. 6 Initial model and optimized model
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Table 4 Comparison of adsorption energy under

interaction adsorption molecule +surface molecule

three corrosive ion conditions

Molecular/ (keal + mol™") Cl~ Cl™ Mg Ca*
E stacermolecule -57 661.916 -57 821.982
E polecute 2.647 2.571
E qustace -52 667.125 -52 164.758
E s gsorption -4 997.438 -5 659.795
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Fig. 7 Mean square displacement of corrosion particles on oxide

surface under different corrosion conditions
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different corrosion conditions 107° cm*/s
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