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Synergistic corrosion inhibition effect of composite corrosion inhibitor on
carbonsteel in softened water
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Abstract: The corrosion inhibition effect of environmentally friendly compound corrosion inhibitor on
carbon steel in softened water was studied by static weight loss method, electrochemical test and
surface characterization. The results show that sodium molybdate, sodium silicate, sodium tetraborate
and sodium gluconate have no advantages in terms of cost and inhibition efficiency, and the inhibition
efficiency of the composite inhibitor is much higher than that of the single component inhibitor at the
same dose. The corrosion inhibition efficiency of the composite inhibitor with concentration of
140 mg/L was 84.77% at the temperature of 50 °C and soaking time of 72 h. When the temperature
changes, the corrosion inhibition efficiency changes little, indicating that the composite corrosion
inhibitor has a certain stability. SEM surface observation confirmed the corrosion inhibition effect of the
composite corrosion inhibitor on the surface of carbon steel, and XPS analysis was used to speculate the
corrosion inhibition mechanism of the composite corrosion inhibitor, so as to clarify the synergistic
protection mechanism of carbon steel surface corrosion inhibitor.
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Fig.2 Electropotential polarization curves of carbon steel in softened water

R1 TRERETHBEAMARNEELINESH
Tab.1 Fitting parameters of potentiodynamic polarization

curve at different concentrations

c/(mg- foor/ (WA~ | -b/(mV - | b/(mV"
L") Ecor/mV cm?) dec™) dec™) %
0 —673 22.3 284.5 168.3
40 —494 194 234.0 194.5 13.0
60 —330 10.8 186.1 206.7 51.4
80 —309 9.6 186.8 213.4 56.7
100 —325 8.9 171.3 213.9 60.1
120 —307 6.8 165.6 224.1 69.4
140 —311 3.7 128.8 358.0 83.3

®2 ARIBETHIRMAREHEBESH
Tab.2 Fitting parameters of potentiodynamic polarization

curves at different temperatures

N i/ (A~ | -b/(mV - | b/(mV-
M/ C | E,/mV 5 ) k /%
cm?) dec™) dec™)
25 —297 2.99 125.47 220.83 86.59
40 —260 3.18 136.99 222.72 85.74
50 —311 3.72 128.87 358.42 83.32
55 —236 3.85 135.50 349.65 82.74
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Fig.3 Electrochemical impedance measurement of carbon steel in softened water
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Fig.4 Schematic diagram of electrochemical

impedance electrode process
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Fig.5 Diagram of electrochemical impedance equivalent

circuit
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Tab.3 EIS fitting parameters at different concentrations

c(mg-L") R/(Q-cm?) R/(Q-cm?) o/(pQ"-em™-s™) n Soa/HzZ Cy/(uF-cm™) nJ/%

0 681.7 735.6 527.02 0.6692 0.6813 317.6 -
40 607.1 1055 221.97 0.7794 0.8254 182.9 30.27
60 516.1 2451 165.92 0.7835 0.4642 140.0 69.21
80 525.0 3539 146.87 0.7959 0.3831 117.4 79.21
100 549.1 3898 122.08 0.8336 0.3831 106.6 81.13
120 539.5 4577 139.13 0.8131 0.2610 1333 83.93
140 517.6 6117 143.69 0.8328 0.1778 146.4 87.97

R4 FAEBETEISHUASH
Tab.4 EIS fitting parameters at different temperatures

it Ji£/°C R/(Q-em’) | R/(Q-cm’) 0/(pQ"-cm™s™) n Son/HZ Cy/(uF-cm?) 1%
25 604.9 14137 100.28 0.7968 0.1000 112.6 94.80
40 577.1 8544 161.66 0.7884 0.1000 186.4 91.39
50 517.6 6117 143.69 0.8328 0.1778 146.4 87.97
55 534.6 4598 139.27 0.8106 0.2610 132.7 84.00
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Fig.6 SEM images and EDX analysis of carbon steel surface
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Fig.8 Schematic diagram of corrosion inhibition mechanism of composite corrosion inhibitor to

carbon steel immersed in 50 °C softening water
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