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Abstract

The investigation of the effect of pH and fly ash (FA) as a corrosion inhibitor on the electrochemical behavior of 316L and 304L concrete reinforcements in a simulating concrete pore
solution exposed to acid rain is the main objective of the present study. The corrosion performance of 316L and 304L stainless steel is examined by means of cyclic potentiodynamic
polarization. Two types of electrolyte were used. The first electrolyte is a highly alkaline solution simulating fresh concrete exposed to acid rain (pH ~ 12), while the second
electrolyte is a mildly alkaline solution simulating corroded concrete cover that has exposed the reinforcement to direct acid rain attack (pH ~ 8). Both solutions contained saturated
Ca(OH),, an acid rain simulating solution and FA (0 wt.% - 25 wt.% of the dry mixture) as corrosion inhibitor. In both electrolytes the beneficial effect of FA up to 20 wt.% content on
the corrosion resistance of both steel rebars was manifested. However, this trend was reversed at 25 wt.% FA. The above finding was also confirmed by SEM/EDX examination of
cross-sections of rebars embedded in concrete after 4 m of salt spraying. An important conclusion of this study is the feasibility of replacing 316L stainless steel with 304L in critical
applications, such as the restoration of ancient monuments, provided that FA is included in the concrete mixture, even at low contents (15 wt.%).

Introduction

The employment of modern materials in the framework of restoration works of ancient and modern monuments, such as AISI 316L stainless steel in the ancient theater of Dodona, Epirus,
Greece, has been a common practice in the last decades. The replacement of an expensive steel reinforcement (316L steel) with a less expensive steel (304L) combined with low-cost and
environmentally friendly corrosion inhibitors could become a profitable alternative, provided that it is an equally safe solution.

Corrosion of steel reinforcement is the most significant factor responsible for the premature deterioration of the durability and seismic resistance of reinforced concrete structures [1-4]. The
two commonest types of atmospheric attack to the concrete are (a) chloride ion penetration in marine environments and (b) concrete carbonation, as a result of the reaction between the
atmospheric CO, (mostly in urban areas) and Ca(OH), of concrete [1-4]. Besides these two factors, concrete is also subjected to acid rain (AR) attack as a consequence of the intensive urban and
industrial activity during the last decades. The deterioration of concrete under acid rain attack is attributed to the combined effect of H* and SO, [5].

Amongst the various methods utilized in order to protect reinforced concrete against corrosion, the partial replacement of Ordinary Portland Cement (OPC) with fly ash (FA) is a relatively
inexpensive and ecological method. The addition of FA leads to a refinement of the concrete pore structure and therefore reduces its permeability, whilst at the same time the produced insoluble
hydration products (C-S-H) of the pozzolanic reaction of FA with C-H (Ca(OH),) fill the capillary voids of concrete [2-4]. Preliminary studies conducted by the authors have shown the beneficial
effect of FA up to 20 wt.% on the corrosion and mechanical properties of stainless steel rebars embedded in concrete or immersed in concrete pore mimicking solutions during exposure in saline
and acid rain environments [3,4].
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v" The corrosion resistance increased with FA increasing (up to 20 wt.%). However, this
trend was reversed at 25 wt.% FA content.
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