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Abstract Cathodic protection is widely used for corrosion protection of steel bars in 

concrete. However, in the concrete contaminated with Cl-, the protective effect of 

cathodic protection is reduced. Meanwhile, the cathodic protection at a certain potential 

accelerates the hydrogen evolution rate and hydrogen permeation rate on the surface 

of steel bars. This paper uses arginine-trisodium phosphate complex (LA-P) as a 

migration corrosion inhibitor (MCI) and a simulated concrete solution containing 3.5 wt% 

NaCl as the corrosion environment. The corrosion behavior of HRB400 steel with the 

addition of MCI are studied through polarization curves, electrochemical impedance 

spectroscopy (EIS), and scanning vibration electrode technology (SVET). Besides, the 

morphological changes of the steel surface before and after corrosion are compared 

by atomic force microscopy (AFM). The binding of LA-P and Cl- is confirmed by ion 

chromatography (IC). Scanning electron microscopy (SEM), energy dispersive 

spectroscopy (EDS), raman spectroscopy, and X-ray photoelectron spectroscopy 

(XPS) are applied to study the migration characteristics and adsorption behavior of 

MCI under cathodic polarization conditions. The inhibitory effect of MCI on hydrogen 

permeation process is verified through the Devnathan-Stachurski double cell technique. 

The results indicate that the application of cathodic protection enhances the adsorption 

of LA-P on the surface of steel and reduces the corrosion rate. Moreover, the hydrogen 

evolution rate on the surface of the steel is decreased, which effectively reduces the 

hydrogen permeation current. The damage of Cl- to the passive film of steel is inhibited 

by the capture effect of LA-P on Cl-,which reduces the corrosion rate of steel. The 

excellent synergistic effect of MCI and cathodic protection has broad application 

prospects in inhibiting steel corrosion in Cl- polluted concrete environments. 

Keywords HRB400 steel; concrete; cathodic protection; migration corrosion inhibitor; 

hydrogen permeation 



                                                                                         

253 

 

Reference 

[1] AHAMAD, I., PRASAD, R. & QURAISHI, M. A. 2010. Inhibition of mild steel 

corrosion in acid solution by Pheniramine drug: Experimental and theoretical study. 

Corrosion Science, 52, 3033-3041. 

[2] QIN, H., YOU, X. & DONG, S. 2024. Stress-corrosion behavior of SiCf/SiC under 

CMAS-wet-oxygen environments. Corrosion Science, 228, 111844. 

[3] CARMONA, J., GARCéS, P. & CLIMENT, M. A. 2015. Efficiency of a conductive 

cement-based anodic system for the application of cathodic protection, cathodic 

prevention and electrochemical chloride extraction to control corrosion in 

reinforced concrete structures. Corrosion Science, 96, 102-111. 

[4] HOSSEINI, M., MERTENS, S. F. L. & ARSHADI, M. R. 2003. Synergism and 

antagonism in mild steel corrosion inhibition by sodium 

dodecylbenzenesulphonate and hexamethylenetetramine. Corrosion Science, 45, 

1473-1489. 

[5] HUANG, H. H. 2016. The Eh-pH Diagram and Its Advances. Metals, 6. JAMIL, H. 

E., MONTEMOR, M. F., BOULIF, R., SHRIRI, A. & FERREIRA, M. G. S. 2004. An 

electrochemical and analytical approach to the inhibition mechanism of an amino-

alcohol-based corrosion inhibitor for reinforced concrete Electrochimica Acta, 49, 

836-836. 

[6] JI, Y., GUO, Y., XIA, Y., XIA, D.-H., QIN, Z., ZHOU, D., GAO, Z. & HU, W. 2024. 

Effect of bending deformation on the corrosion behavior of non-brazed and brazed 

Al composite. Electrochimica Acta, 481, 143928.  

[7] KARTHICK, S. P., MADHAVAMAYANDI, A., MURALIDHARAN, S. & 

SARASWATHY, V. 2016. Electrochemical process to improve the durability of 

concrete structures. Journal of Building Engineering, 7, 273-280. 

[8] LI, Y., XU, W. Q., LI, H. Z., LAI, J. Y. & QIANG, S. 2022. Corrosion inhibition 

mechanism of Xanthium sibiricum inhibitor and its comprehensive effect on 

concrete performance: Experimental analysis and theoretical calculation. 

Construction and Building Materials, 348. 

[9] LIU, Y. Q., ZHOU, X. C., GUAN, X. D. & SHI, J. J. 2022. Synergistic inhibition 

mechanism of phosphate and phytic acid on carbon steel in carbonated concrete 

pore solutions containing chlorides. Corrosion Science, 208. 

[10] LIU, Z., DENG, C. M., JI, Y. Y., ZHOU, D. J., GAO, Z. M., XIA, D. H. & HU, W. B. 

2024. A mechanistic study on localized corrosion of sandwich multi-layered 

aluminium sheet in 3.5 wt.% NaCl solution. Electrochimica Acta, 475. 

 

  


