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Corrosion inhibition performance and mechanism of

a compound corrosion inhibitor to Q235 carbon steel
LIU Huiyuan', LIU Xinhua'-?,SHI Chunjie',ZHANG Hongxia'
(1. Department of Chemistry , Tangshan Normal University , Tangshan 063000, China ;
2. Tangshan Key Laboratory of Green Specialty Chemicals , Tangshan 063000, China )

Abstract: In order to further explore and improve the corrosion inhibition performance and mechanism of green cor-
rosion inhibitor, a compound green corrosion inhibitor to Q235 carbon steel was investigated. The synergistic effect
of sodium tungstate, sodium gluconate and Zn*>" on corrosion inhibition to Q235 carbon stees was studied by gravim-
etry, impedance spectroscopy (EIS, BODE) , potentiometric polarization curve, scanning electron microscope (SEM)
and energy spectrum analysis(EDS) in natural tap water medium. The results showed that sodium tungstate , sodium
gluconate and Zn** had strong synergistic effect in the corrosive system. The optimum synergistic effect was obtained
and the inhibition rate was more than 90% when the concentrations of sodium tungstate, sodium gluconate, sodium
gluconate and Zn**were 40 mg/L, 20 mg/L and 4 mg/L respectively. The potential dynamic polarization data showed
that the compound corrosion inhibitor was mainly an anodic corrosion inhibitor, and the data of impedance spectrum
showed that the tri-compound agent enhanced the resistance of charge transfer on the surface of Q235 carbon steel.
Scanning electron microscopy(SEM) and energy dispersive spectroscopy (EDS) were used to prove respectively that
the ternary compound formula formed a protective film on the surface of carbon steel and its main components. The
adsorption of ternary compound formula conformed to Langmuir adsorption isotherm , which adsorbed on the surface
of carbon steel by chemical and physical ways.
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Fig. 1 Corrosion inhibition performance of
sodium tungstate on Q235 carbon steel
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Fig. 2 Corrosion inhibition performance of
binary compound to Q235 carbon steel
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Fig. 3 Corrosion inhibition performance of

ternary compound to Q235 carbon steel
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Fig. 4 C-C/0 relationship with sodium gluconate concentration
to carbon steel in tap water containing corrosion inhibitor
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Table 1~ Adsorption parameters of sodium gluconate in tap
waler containing sodium tungstate and Zn®>" corrosion inhibitor

T/°C K/(L-mg™") RHR R’ AG%(kJ-mol™)
20 0.988 6 1.000 5 1.000 -33.6

40 0.969 6 1.0495 0.996 5 -35.871

50 0.809 6 1.124 1 0.997 1 -36.5
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Table 2 Corrosion inhibition efficiency and S values calculated

to carbon steel samples measured containing different
corrosion inhibitors in tap water

5 T B / BRI Zn™/
-1 -1 -1 /% N
(mg-L7") (mg-L7") (mg-L7")
40 20 — 62.75 —
40 — 4 41.94 —
40 20 4 93.67 3.42
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Fig. 5 Polarization curves of blank system and ternary system
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Table 3 Polarization parameters of blank system
and ternary system
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Table 4  Fitting electrochemical parameters and protection efficiency
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Fig. 6 Nyquist plots of blank system and ternary formula system
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Fig. 7 Equivalent circuit used to fit the impedance spectra
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Fig. 9 SEM and EDS of Q235 carbon steel specimen in blank

system and three-way corrosion inhibition formula system
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Table 5 EDS elemental analysis of surface film of carbon
steel specimen in blank system and ternary system

P ZH = IC R
B B a% T Eal REAE FETEar

C 7.46 25.17 4.63 17.74
0 4.09 10.35 1.70 4.89
Fe 87.42 63.47 92.12 75.88
S 0.12 0.15 — -
Si 0.25 0.36 0.27 0.45
Mn 0.67 0.49 0.71 0.59
W — — 0.28 0.07
Zn — — 0.16 0.11
Na — — 0.13 0.26

ail 100.00 100.00 100.00 100.00
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