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Abstract

:

Alkali activated materials as possible sustainable alternative to cementitious binders showed competitive performances in terms of mechanical and durability properties and high temperature stability. For this reason, light weight fly-ash based mortars have already been optimized as passive fire protective coating for steel structures. However, a lack of information about the durability of these innovative systems in terms of steel corrosion resistance is still present. Thus, this study aims at investigating the durability of steel coated with a 20-mm thick light weight mortar layer in a neutral environment (tap water) and in presence of chloride-containing solution (0.2 M NaCl). In addition, the influence of pore solution chemistry and pH was discussed through electrochemical testing in leachate pore solution and NaOH aqueous solutions at different concentrations. It was found that almost complete protection ability of light weight mortar was obtained when coated steel is exposed to neutral solution for 60 days, while in presence of chlorides, steel is more susceptible to corrosion already after 40 days of exposure. In addition, the developed open porosity of the light weight mortars, it was found that pH and the chemistry of the pore solution in contact with steel strongly influenced the steel corrosion resistance.
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1. Introduction


Alkali activated materials (AAMs) are one of the possible routes for producing more sustainable construction materials compared to ordinary Portland Cement (OPC), especially when aluminosilicate precursors and/or activators with low environmental impact (i.e., industrial byproducts) are used [1,2,3]. In general, tailoring the mix designs allows to produce AAMs with high mechanical performances [2,4], good durability [5,6,7,8] and outstanding resistance to high temperature [9,10,11].



In recent years, many research efforts were spent in investigating the corrosion mechanism of steel reinforcements in alkali activated concretes and mortars, due to the carbonation that induces pH lowering [12,13,14] or due to the presence of aggressive species, especially chloride ions [15,16,17]. Compared to OPC-based materials, parameters, such as precursor and activator chemistry and concentration, rather than pore distribution, microstructure and composition of the pore solution, can strongly influence the steel corrosion behavior [18]. When low-calcium fly ashes are applied, a strongly alkaline and weakly oxidative environment is provided by pore solution and the passivation mechanism is similar to the one observed in cementitious materials [18,19,20]. Scattered results have been obtained among different studies that introduced chlorides in the material during mixing or through exposure to chloride-containing solutions [15,16,21,22,23]. This confirms that factors related to the binder microstructure and to the precursor chemistry, regulate the corrosion behavior. To better investigate these behaviors, electrochemical corrosion tests performed in simulated pore solutions highlighted that the alkalinity strongly influences the chloride-induced corrosion of the embedded steel [17]. So, due to the fact that low-calcium AAM binders do not contain Ca(OH)2 species performing as pH buffer, as in OPC, long-term durability of steel embedded in low-Ca AAMs is ensured only if the binder is able to retain the alkalinity of the pore solution in contact with steel [18,19].



Furthermore, AAMs have been positively considered when foams and light weight aggregates are applied for high temperature applications. This is related to the fact that light weight AAMs can exhibit low density and thermal conductivity values [9,24], as well as great thermal stability [25,26,27,28]. In addition, compared to cement-based materials that are prone to spalling when heated, AAMs (especially low-calcium based-ones) are not subjected to significant damages thanks to different microstructures and to the chemistry of water contained in the matrix. During high temperature exposure, the rapid dehydration of weakly bound water allows the retention of residual mechanical strength and dimensional stability [11]. Recently, light weight AAMs have been specifically applied as fire protection for steel structures producing passive fire protection showing encouraging results [29,30,31,32]. In previous studies [24,26,33], the development of light weight mortars based on the alkali activation of low-calcium fly ashes was achieved as passive fire protection. The use of expanded perlite as light aggregates and hydrogen peroxide as foaming agent allowed the preparation of mortars with performances comparable to commercial cement based-passive fire protective coatings [24]. In addition, protection against cellulosic fire was obtained when a 20-mm thick light weight mortar coating was applied on steel, demonstrating the promising performances of these materials as passive fire protection [26,33]. In addition to the measured fire protection, these innovative coatings should also exhibit durability properties, especially in terms of prevention and/or mitigation of steel corrosion phenomena.



For this reason, the present study aims at the assessment of the chloride-induced steel corrosion when light weight alkali activated mortars (LWM) were applied. For comparison seek, normal weight fly ash-based mortars (M) with silica sand as aggregate were also tested in the same conditions to highlight the effect of the mortar porosity related to the presence of the aggressive agents (i.e., chlorides) in the steel corrosion behavior. In a previous study, it was found that the effect of the increased and more interconnected porosity of LWM increased the tendency of the steel corrosion after few days of exposure in 0.6 M sodium chloride aqueous solution (simulating the salt concentration in seawater) [33]. These findings demonstrated that LWM layer is not able to provide suitable protection to steel structures in this harsh environment. However, fireproof coatings can also be applied on steel structures not located in coastal regions, in which the presence of chloride ions is limited to smaller concentrations and/or to seldom events (e.g., distribution of deicing salts in winter season). Therefore, in this study we discussed the durability of the coated steel by immersion in less aggressive environments, i.e., tap water and 0.2 M NaCl aqueous solution, to highlight the durability of the coated systems. Results about the pore size distribution and the microstructure of the two mortars have been also reported to correlate the physical and the durability properties of the developed mortars. Lastly, to investigate the effect of the alkali activated binder on the steel corrosion mechanism, electrochemical testing was carried out in different electrolytes simulating the alkaline environment of the pore solutions (i.e., leachate pore solution and sodium hydroxide (NaOH) aqueous solutions at different pH) with the presence of chlorides.




2. Materials and Methods


2.1. Materials


In this study, EFA-Fuller® low-calcium fly ashes (Class F according to ASTM C618 standard) sourced by BauMineral (Herten, Germany) were applied as precursor. Their chemical composition, measured by inductively coupled plasma optical emission spectroscopy (ICP-OES) is reported as oxides (in wt%), as follows: 58.6 SiO2, 23.0 Al2O3, 0.9 TiO2, 6.1 Fe2O3, 5.9 CaO, 1.8 MgO, 1.1 K2O, 0.9 Na2O, 0.9 SO3, with a loss of ignition of 2.7 wt%. To perform alkali activation, sodium silicate and an 8M sodium hydroxide (ACS reagent NaOH pellets (97%, sourced by Sigma Aldrich, Milan, Italy) aqueous solution were used as activators. The sodium silicate solution (Reoflux B) was supplied by Ingessil S.r.l (Verona, Italy) and it is characterized by the following chemical composition: 29.86% SiO2, 14.43% Na2O, 55.71% H2O, with SiO2/Na2O ratio equal to 2.07. To prepare the alkali activated mortars, a normalized silica sand (complied with the EN 196-1 standard) or expanded perlite, both with a fixed grain size distribution (dmax = 2 mm), were used as fine aggregates. In addition, a 30 vol% hydrogen peroxide solution (ACS reagent H2O2 solution sourced by Sigma Aldrich, Milan, Italy) was applied as a foaming agent for the preparation of light weight mortar samples.



Steel plate (1 mm-thick) specimens applied in this study showed the following chemical composition (in wt%), measured by Glow Discharge Optical Emission Spectroscopy (GDOES, Spectruma Analitik GDA 650, Milan, Italy): 0.04 C, 0.22 Mn, 99.66 Fe with S, P, Cr and Ni in traces. The steel surface was sand blasted before sample preparation, producing a controlled surface finishing characterized by the following roughness parameters: Ra (arithmetic mean deviation of the roughness profile) equal to 4.3 ± 0.6 μm and Rq (root-mean-square deviation of the roughness profile) equal to 5.6 ± 0.7 μm.




2.2. Sample Preparation


Mortars were prepared by mixing fly ash with alkaline solutions, aggregates (silica sand or expanded perlite) and water for 5 min. The detailed procedure for sample preparation is reported in [24,26]. Standard weight (named M) and light weight (named LWM) mortar samples were prepared using silica sand and expanded perlite as aggregates, respectively. In addition, when LWM samples were prepared, a 0.3 wt% of 30 vol% hydrogen peroxide solution was added to the slurry during the last minute of the mix as foaming agent [34]. Table 1 reports the composition of the investigated mortars. The obtained alkali activated mortars exhibited a targeted molar Si/Al ratio of 2.9 and a total water content (considering the amount of water in the activating solutions and the extra water) of 10% and 22% for M and LWM samples, respectively.



Specimens for physical and microstructural characterization were obtained by pouring the fresh mortars into cylindrical molds (with a diameter of 35 mm). Samples simulating the coated steel structures were prepared by pouring the fresh mortars on the steel plate samples (50 mm × 50 mm × 1 mm) to produce 20 mm-thick coating, as sketched in Figure 1. All the samples were cured in sealed conditions at ambient temperature (T = 21 ± 2 °C) and after 3 days samples were demolded and stored for a total curing time of 28 days.




2.3. Characterization


The mortar characterization was carried out after 28 days of mortar curing. Total open porosity and pore size distribution of the M and LWM mortars were measured by Mercury Intrusion Porosimetry (MIP) using Pascal 140 and 240 instruments (Thermo Fisher Scientific, Como, Italy). MIP analyses were performed on mortar specimens of ~1 cm3, avoiding the external surfaces of the samples. The microstructure of the obtained mortars was observed by Scanning Electron Microscopy (SEM, Philips XL20, Milan, Italy) using the secondary electron (SE) detector at 10 keV. Prior to SEM observation, samples were sputtered with gold to make them conductive.



Steel plates cover by 20-mm thick coatings made of M and LWM were partially exposed to tap water and in a 0.2 M NaCl aqueous solution for 60 days to test the steel corrosion behavior. Prior to exposure, a Cu-wire was soldered on the steel surface to ensure the electrical conductivity of the steel for electrochemical testing. Then all the sample surfaces, except the top one, were coated with epoxy resin in order to ensure solution penetration by capillary, as detailed in Figure 1.



Samples were partially immersed in 2-mm depth solution in the laboratory conditions. Boxes containing the testing samples were covered to avoid evaporation and solutions were renewed every 14 days. During the exposure, measurements of the corrosion potential (Ecor) were daily carried out, as well as anodic polarization curves were recorded after 1 day and at the end of the exposure (after 60 days). Electrochemical tests were performed using an Amel Electrochemistry Potentiostat (model 7050, Milan, Italy), applying the conventional three-electrode cell depicted in Figure 2a: coated steel samples with mortar (M or LWM) layer were set as the working electrode (WE), a saturated calomel electrode (SCE) worked as the reference electrode (RE) and an external stainless steel (SS) net was used as the counter electrode (CE). Polarization curves were carried out after 1 h of immersion in the electrolyte, recording between 0.1 V lower than the open circuit potential (EOCP) up to 1.0 V higher than the EOCP, applying a scan rate of 0.167 mVs−1. At least three samples were tested for all the electrochemical measurements to ensure reproducibility of the results. At the end of exposure low magnification imaging was performed on the steel plate by stereomicroscopy (Olympus SZX10, Milan, Italy).



To investigate the effect of the alkali activated binder on the corrosion behavior of the steel plates, anodic polarization curves of steel samples (named S) were recorded in different environments, using the electrochemical set up previously described. The only differences were (i) the use of a platinum rod as CE and (ii) the application of a Teflon sample holder applied to have a WE with an exposed area of 2.01 cm2, as shown in Figure 2b. First, leachate pore solution (LPS) was considered as electrolyte for anodic polarization. It was prepared following the procedure reported in [21,35]: alkali activated binder was crushed and mixed with distilled water in 1:1 proportion and stirred for 24 h. Then, this solution was filtered using a vacuum pump and the obtained LPS exhibited a pH of 12.8 and a chemical composition reported in Table 2. The pH of the obtained leachate solution was considered as an acceptable approximation of the pH of the mortar pore solution [21,22].



Secondly, anodic polarization curves were recorded in NaOH aqueous solutions with different concentrations (0.1 M and 0.001 M), selected based on the pH of the mortar samples at different curing stages (after 28 days of curing in sealed conditions and after 1 year of exposure at laboratory conditions). pH measurements were carried out mixing 5 g ground mortar samples with 5 cm3 distilled water, at room temperature. Addition of 0.2 M NaCl was performed in the selected NaOH solutions to simulate the effect of chlorides in steel corrosion.





3. Results and Discussion


3.1. Physical Properties and Microstrure


MIP results reported in Figure 3 showed a strong difference in pore size distribution and total open porosity between M and LWM: while M sample exhibited a total cumulative intruded Hg volume of 52 mm3/g and a total open porosity of 11%, LWM sample showed values of 367 mm3/g and 48%, respectively. These results confirm the efficiency of H2O2 as foaming agent together with the use of expanded perlite as light weight aggregate, as previously observed [24,34]. Furthermore, a strong difference between the two samples was observed in terms of pore size distribution as reported in Figure 3b. M samples exhibited a bimodal pore distribution mainly in the ranges of 0.020–0.35 μm and 1.50–2.0 μm. Conversely, LWM were characterized by pores in the ranges of 0.020–0.040 μm, 0.080–0.20 μm and bigger pores with dimensions of 1.5–2.0 μm and 3.0–6.0 μm, showing both the contribution of the alkali activated binder and expanded perlite aggregates. The different pore size distributions between M and LWM, depicted in Figure 3, clearly showed that, while small capillary pores are present in M samples (that usually slow down the mortar saturation rate but increase the height of penetration), an increased porosity with also larger pores characterized LWM microstructure. Thus, this induced a faster water absorption but lower penetration height [36]. However, for both the samples, the water penetration surely reached 20 mm that represents the thickness of the mortar coating during the 60-days exposure performed for durability tests.



To better characterize the pore distribution and morphology, SEM observation was carried out on fracture surfaces of M and LWM and the results are reported in Figure 4. In particular, Figure 4a,c (at higher magnification) showed the typical microstructure of the fly-ash based alkali activated mortars (M sample): some unreacted fly ashes can be detected within a homogenous and dense gel. Only few pores in the range of 10 to 50 μm were observed at these magnifications. On the contrary, LWM microstructure (reported in Figure 4b,d) showed a more porous matrix, induced by the effect of the foaming agent and the addition of expanded perlite (characterized by a developed open cell porosity). This morphological observation confirms the results on pore size distribution previously discussed.




3.2. Corrosion Behavior of Coated Steel with Mortars


Evolution of the open circuit potential (Ecor) in the M and LWM coated steel samples during exposure in tap water and in 0.2 M NaCl solution for 60 days is reported in Figure 5. Initially, at the beginning of the exposure test, both samples exhibited Ecor values in the range between −0.15 V vs. SCE and 0.00V vs. SCE, indicating that steel was in the passive state during mortar curing [18,21]. Different potential behavior was observed considering the two exposure conditions. Firstly, when coated steel samples with LWM layer were exposed to tap water (the less aggressive environment with average chloride concentration of 27 mg/L [37]), Ecor values fluctuated between −0.30 V vs. SCE and −0.10 V vs. SCE for the whole exposure (60 days), as shown in Figure 5a. This potential fluctuation could be related to the changing in pH of the solution due to the leaching of the free alkalis present in the mortars [19]. For this reason, to ensure the aggressiveness of the electrolyte, solutions were renewed every 14 days (highlighted in Figure 5 by vertical dot lines). Similar behavior was observed also for Ecor values of M samples. In the latter case, a stronger value fluctuation was detected in the first 10 days of exposure, when Ecor reached −0.40 V vs. SCE. This is probably related to the different pore size distribution between M and LWM (as highlighted in Figure 3), in the sense that M is mainly characterized by capillary pores that are usually responsible of a higher penetration depth compared to the larger pores present in LWM [36]. In the case of exposure to chloride-containing solution, both samples exhibited almost constant Ecor values between −0.20 V vs. SCE and −0.10 V vs. SCE within 40 days of exposure. For longer time, Ecor started to decrease for both samples and reached values around −0.50 V vs. SCE at the end of the exposure. In addition, LWM samples showed more scattered results probably indicating a slightly greater tendency to corrosion compared to M.



At the end of the exposure in both the solutions, the mortar layers were removed by the steel plates to observe the steel surface and the possible corrosion products precipitated at the steel-mortar interface. Results are reported in Figure 6.



On steel samples exposed in tap water, the extent of corrosion products was limited to few surface areas, especially when M was applied as coating. In this sample, only four surface portions, in which corrosion products have been precipitated, were detected. For LWM coated steel samples exposed in water, localized precipitation of corrosion products was observed along the steel surface together with a more extended area of corrosion products close to a sample edge.



Conversely, different features were observed for steel samples exposed to chloride-containing solution. Both steel plates covered with LWM and M exhibited a more pronounced corroded surface (i.e., rust) distributed on the steel specimen, compared to tap water exposure. In particular, both samples exhibited the precipitation of rust close to a sample edge, indicating that the peripheral parts of the coated samples are more susceptible to defects that are induced by steel cutting and/or mortar preparation. Moreover, a larger extent of corroded surface was detected in M sample compared to LWM, indicating that, even if Ecor values showed a similar trend (depicted in Figure 5b), the corrosion process was characterized by a faster corrosion rate for M sample. This could be related to the presence of a larger number of capillary pores that allowed the aggressive solution to firstly reached the steel surface than LWM sample [36]. At last, the morphological observations reported in Figure 6 are in accordance with the recorded Ecor, confirming that the corrosion potential decrease after 40 days of exposure in chloride-containing solution corresponded to steel corrosion condition.



Figure 7 reports the anodic polarization curves obtained from M and LWM coated steel samples exposed in tap water and 0.2 M NaCl chloride solution. For each exposure, anodic polarization curves were recorded after 1 day and 60 days (end of exposure) of partial immersion. For short exposure (1 day), all the anodic polarization curves showed a value of EOCP of −0.2 V vs. SCE and a passive behavior with low values of corrosion current densities (icor). For M sample, an order of magnitude was recorded between icor values measured in the two different solutions: 1.5·10−9 A/cm2 in tap water and 1.7·10−8 A/cm2 in chloride-containing solution. However, LWM exhibited comparable icor results of 5.0·10−8 A/cm2 for both the tested environments. After 60 days of exposure, all the anodic polarization curves showed more electronegative EOCP values. In particular, EOCP of −0.4 V vs. SCE and −0.6 V vs. SCE were measured for samples exposed in tap water and chloride-containing solution, respectively. These values well corresponded to the corrosion potentials reported in Figure 5 after 60 days of exposure. In addition, an increase in icor values was detected especially for LWM sample exposed in chloride-containing solution that exhibited the greatest corrosion current density of 2.7·10−7 A/cm2. This could be related to the fact that the larger extent of corrosion products, precipitated on steel surfaces when M layer was applied, acted as a physical barrier, slowing down the corrosion kinetic measured by anodic polarization curves for M sample (icor = 9.5·10−8 A/cm2). Thus, chloride-containing solution induced the more relevant changes in polarization curves at the end of exposure, especially for LWM sample.



The investigation of corrosion behavior of coated steel with LWM mortars, and its comparison with M mortars, highlighted that the presence of chloride ions fastened the occurring of corrosion. This was demonstrated (i) by the lowering of Ecor values to more electronegative potentials after 40 days of exposure, (ii) by the larger extent of corrosion products observed in the steel surfaces and (iii) by the higher icor values, when compared to tap water exposure. Secondly, it was observed that the different pore size distribution of M and LWM layers partially influence the steel corrosion behavior. This was demonstrated (i) by comparable Ecor values between LWM and M in both the tested environments, and (ii) by comparable icor values recorded after 60 days of exposure by anodic polarization curves, especially for tap water exposure. Lastly, increasing the aggressiveness of the electrolyte (by adding 0.2 M NaCl in aqueous solution) induced a larger extent of corroded surfaces, compared to tap water exposure. All the presented results allowed to conclude that, due the fact that LWM and M mortars were prepared using the same mix design of the binder (precursor and activating solution), also the binder pH and the composition of the pore solution in contact with steel could influence the corrosion behavior of the coated steel, as demonstrated also in other studies [18,21,38].




3.3. Corrosion Behavior of Steel in Solutions


To deeply investigate the parameters related to binder chemistry, Figure 8 collects the anodic polarization curves recorded in the leachate pore solution (LPS, with a pH of 12.8) obtained from the alkali activated binder tested in this study. It clearly shows that in both cases steel exhibited a passive behavior at EOCP close to −0.3 V vs. SCE for leachate solution and −0.5 V vs. SCE when chloride ions (using 0.2 M NaCl) were added. In leachate solution, a passivity range of 0.9 V was observed between −0.3 V vs. SCE and +0.6 V vs. SCE. Similar results were obtained in different fly-ash based leachate solutions [21], indicating that alkali activation of fly ash allowed comparable steel corrosion protection, even if its source, chemistry and composition are different. At the end of the polarization, the visual inspection did not reveal any corroded surface. On the contrary, when chloride ions were added in the leachate pore solution, a smaller and less stable passive region of 0.5–0.6 V was observed between −0.5 V vs. SCE and +0.07 V vs. SCE. Consequently, higher corrosion current density was also measured: icor values of 8.8·10−6 A/cm2 in contact with chlorides and 5.0·10−7 A/cm2 in leachate pore solution.



pH measurements of the investigated mortars were carried out as a function of time. After 28 days of curing, they exhibited a pH of 12.8. This high alkalinity is maintained if samples are stored in sealed conditions, while samples exposed to laboratory showed a decrease in pH values due to carbonation: pH of 11.2 and 10.9 was measured after 56 days and 365 days, respectively. In order to investigate the effect of decreasing pH of the pore solution in steel corrosion behavior, anodic polarization curves were recorded in NaOH aqueous solution with pH comparable to the ones measured in the real mortars. For this reason, NaOH concentrations of 0.1 M and 0.001 M were selected to reproduce the alkalinity of the pore solution at the end of the mortar curing period (pH ~ 13) and after one-year exposure at atmosphere (pH ~ 11). Results, reported in Figure 9a, showed similar shapes of the polarization curves recorded in 0.1 M NaOH solution compared to the ones in LPS. This is mainly because both the electrolytes had the same pH. However, different icor values were obtained: higher current densities of 2.6·10−6 A/cm2 (without chloride ions) and 2.3·10−5 A/cm2 (with chloride ions) were measured in 0.1 M NaOH solution. This result indicates that the presence of other elements in the leachate pore solution (e.g., silicates) could act as corrosion inhibitor and enhanced the steel corrosion resistance [21]. Lastly, lowering the pH down to 10.9 (by 0.001 M NaOH solution) induced a strong change in both the polarization curves (Figure 9b): the passive region disappeared meaning that this environment is not able to passivate the steel. However, similar icor values were recorded for this NaOH concentration of about 3.0·10−6 A/cm2 (without chloride ions) and 3.2·10−5 A/cm2 (with chloride ions). These results highlight the necessity to have a highly alkaline environment close to steel–mortar interface to maintain steel in the passive state. To avoid lowering of the pore solution pH, a possible solution could be the application of a post-treatment (e.g., sealing) on the LWM layer, that could mitigate the carbonation of the alkali activated binder exposed to atmosphere, and slow down the ingress of aggressive species, as chloride ions. A particular attention should be paid on the choice of the kind of treatment since it should exhibit passive fire protection properties as well as the 20-mm thick LWM layer.





4. Conclusions


Durability results were first achieved in this study in terms of chloride-induced corrosion of steel coated with light weight alkali activated mortars optimized for fire protection applications by electrochemical techniques.



Exposure to neutral environment (tap water) showed encouraging results since similar behavior in corrosion potential and anodic polarization curves was observed regardless the different pore distribution of the mortar layers. For the 60-day exposure in tap water, similar corrosion potentials and corrosion current density values were obtained by both light and normal weight mortars. However, an increase of aggressiveness of the electrolyte (0.2 M NaCl aqueous solution) induced that after 40 days of exposure, steel started to corrode, as depicted by corrosion potential values. Compared to steel samples covered by light weight mortar, normal weight mortar layer exhibited a larger extent of corrosion products precipitated on steel surfaces at the end of exposure, which acted as physical barrier producing a slowdown in the corrosion current density values measured by anodic polarization curves.



Results of the electrochemical investigation of steel coated with light and normal weight mortars suggested that other aspects are also influencing the corrosion mechanisms, due to the fact that same mix design was applied for both the mortar layer. Indeed, it was found that the environment of the pore solution (pH and composition) in the binder strongly influenced the steel corrosion behavior. Leachate pore solution obtained from the 28-days cured mortars (pH = 12.8) allowed passivation of the steel, as highlighted by anodic polarization curves. However, the lowering of mortar pH (pH ~ 11) measured after one-year exposure to the atmosphere did not allow steel passivation, thus steel corrosion protection is not completely guaranteed. Further analyses of the morphology and composition of corrosion products formed in the different tested solutions are planned to confirm this point. In addition, the effect of chloride addition increased the corrosion current densities values regardless of the solution pH and in the case of leachate pore solution chlorides are responsible of a less stable and smaller passive region.



Finally, passive fire protective coating consisting in light weight alkali activated mortar can partially ensure durability of the steel structures in terms of steel corrosion mitigation. However, additional solutions should be considered to improve these durability aspects, such as the application of a sealing treatment to applied on the light weight mortar layer, in order to slow down the ingress of aggressive species, i.e., chloride ions, and carbonation phenomena.
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Figure 1. Schematization of the laboratory samples simulating the coated steel structure by 20-mm thick alkali activated mortar (normal weight fly ash-based mortars (M) and light weight alkali activated mortars (LWM)) layers. These samples were used for electrochemical testing. 
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Figure 2. Electrochemical set up consisting of the conventional three-electrode cell for anodic polarization curves of (a) coated steel samples with LWM or M mortars and (b) steel samples tested in different solutions. 
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Figure 3. Pore size distribution of LWM and M samples measured by mercury intrusion porosimetry: (a) cumulative specific Hg intruded volume versus pore size; (b) histograms representing the specific intruded volume in the pore size ranges. 
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Figure 4. SEM morphological observation of (a,c) M and (b,d) LWM samples at different magnifications: (a,b) at 200× and (c,d) at 1000×. 
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Figure 5. Average corrosion potential values (Ecor) for M (square) and LWM (circle) samples during the 60 days partial immersion in (a) tap water and (b) 0.2 M NaCl aqueous solutions. Vertical dot lines represent solution renewal every 14 days. 
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Figure 6. Macro and low magnification images of the carbon steel plates coated with 20 mm thick M or LWM layers after 60 days of immersion in tap water and in 0.2 M NaCl aqueous solution. 
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Figure 7. Anodic polarization curves obtained from (a,c) M and (b,d) LWM coated steel recorded in in (a,b) tap water and (c,d) 0.2 M NaCl aqueous solution. The electrochemical polarization tests were carried out after 1 day (in black) and at the end (60 days) of the partial immersion (in grey) in solutions. 
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Figure 8. Anodic polarization curves of sand blasted steel (S) in leachate pore solution without (in black) and with 0.2 M NaCl (in grey). 
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Figure 9. Anodic polarization curves of sand blasted steel (S) in (a) 0.1 M NaOH and (b) 0.001 M NaOH aqueous solutions without and with the addition of 0.2 M NaCl. 
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Table 1. Mix design of the prepared mortar samples.
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	Samples
	Fly Ash (wt%)
	8M NaOH

(wt%)
	Sodium Silicate (wt%)
	Extra Water (wt%)
	Silica Sand (wt%)
	Expanded Perlite (wt%)
	H2O2

(wt%)





	M
	28.3
	2.1
	10.7
	2.2
	56.5
	-
	-



	LWM
	54.5
	4.1
	20.5
	7.7
	-
	13.0
	0.3
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Table 2. Chemical composition of the leachate pore solution (LPS). The measurements of the most concentrated elements were carried out using a 1:100 diluted solution.
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	Element
	Concentration (mg/L)





	Si
	2000



	Al
	6.1



	Ti
	0.1



	Fe
	0.6



	Ca
	4.4



	Mg
	0.7



	K
	166



	Na
	10,300



	S
	3800
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