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The effect of the V2O5–NaVO3 ratio on the corrosion resistance of Cr at different temperatures has 

been studied. The corrosion performance was determined by mass loss and electrochemical techniques. 

The corrosion resistance of Cr depends on the stability of the oxide layer grown, the testing 

temperature and the characteristics of the melt. Cr has good corrosion resistance up to 700 °C. Above 

700 °C its corrosion resistance decreases since the solubility of the protective oxide formed increases. 

The corrosiveness of vanadium salts depends not only of its ability to absorb oxygen but also of the 

type of vanadium compound.  
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1. INTRODUCTION 

In general the corrosion is the degradation of a material due to the oxidizing environment, and 

the corrosion degradation affects in a negative way the properties of the materials, which must be 

preserved to some applications. However there are particular types of materials degradation where the 

corrosion is carried out in an accelerated manner, for example the so-called molten salt corrosion. 

Molten salt corrosion is an accelerated degradation of a metal or alloy whose surface is covered by a 
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thin layer of molten salt at high temperature in an oxidant environment. Molten salt corrosion was first 

recognized as a serious problem in 1940 in connection with the degradations of the wall tubes of 

furnaces present in electrical plants, which generate vapor at high temperatures. Since then, the 

corrosion problem has been observed in furnaces, combustion machines, gas turbines, and waste to 

energy plants among others. Sodium sulphate (Na2SO4) is one of the main species involved in molten 

salt corrosion, and it arises during combustion of fuel oils from the reaction between sulphur and 

sodium chloride. Both species can be found as impurities in the fuel and in the combustion air. Other 

particularly dangerous species in the molten salt corrosion process is vanadium, which also is found as 

an impurity in heavy fuel oils. During the combustion of this kind of fuels, some condensed phases like 

Na2SO4, V2O5 y NaVO3 can be formed. These compounds become very corrosive for the materials of 

energy conversion systems if they reach their melting point at the operating temperatures of the heat 

transfer surfaces where they deposit, as they induce metallic dissolution and accelerated oxidation at 

high temperature [1-12]. 

For catastrophic corrosion to occur, it is necessary the dissolution of the protective oxide layer. 

The solubility of the protective oxides in molten salts sulphate-vanadate mixture is higher than in 

Na2SO4. Several studies have been carried out in order to determine the corrosiveness of the Na2SO4-

V2O5 mixtures, and it has been found that the highest corrosion rate occurs in the interval 10 a 30% 

Na2SO4 [13]. Generally speaking, the corrosiveness of the different V-containing compounds depends 

upon its ability to absorb oxygen [13-14], and the highest corrosion rate and oxygen absorption 

experimented by the different vanadates is observed on those which have an atomic ratio of V/Na = 6, 

and the compound that best exemplifies this relationship is Na2O·V2O4·5V2O5.  

The presence of vanadium compounds makes very difficult for protective oxides to grow as 

dense, adherent and protective scales. Zhang and Rapp [15] have shown that vanadate ions increase the 

acidic fluxing of any oxide, consequently increase the acidic dissolution of any protective oxide. Acid-

base reactions between vanadium molten salts and different oxides, qualitatively show that the 

corrosivity of the Na-V-O melts decreases with the acidity of the melt, V2O5 > NaVO3 > Na3VO4 [16]. 

On the other hand, it has been reported that the presence of the  (beta) and  (gamma) sodium vanadil 

vanadates (Na2O·V2O4·5V2O5 and 5Na2O·V2O4·11V2O5, respectively) are the most aggressive 

vanadium compounds and they are responsible for the catastrophic corrosion in superheaters and 

reheaters of boilers burning heavy fossil fuels [1-2, 10, 13]. Since the aggressiveness of these complex 

vanadates depend on its oxygen absorption capacity, then it is possible that the degree of reactivity of 

the Na-V-O melts could be affected not only by the basicity of the melt, but also by oxygen absorption 

and temperature.  

It is known that the corrosion resistance of a metal or alloy depends on the chemical stability of 

the protective oxide developed on its surface. However, in service conditions involving high 

temperatures a protective oxide should have good adhesion, low gas permeability, high 

thermodynamic stability, low diffusion coefficients, and low solubility in molten salts [16-20]. The 

main protective oxides with these characteristics are Cr2O3, Al2O3 and SiO2. 

However, because the corrosion performance of many of the alloys employed in high 

temperature applications is based on their ability to grow a protective layer of Cr2O3, is important to 

determine the effect of environmental variables (such as temperature, kind of vanadium compound, 
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basicity and oxygen absorption capacity) on the stability of this protective layer. Therefore, in this 

work a study was carried out in order to establish the effect of the NaVO3-V2O5 ratio on the high 

temperature corrosion process of pure Cr in the temperature span of 600 to 900 °C. 

 

 

 

2. EXPERIMENTAL PROCEDURE 

2.1. Sample Preparation 

Pure chromium, 99.99%, was used for this research. Rectangular parallelepiped specimens of 

10mm×5mm×5mm were cut down using a diamond tipped blade. Sample surfaces were grounded 

using silicon carbide sandpaper. Grinding process began with 120-grit sandpaper until all major 

scratches and burs were removed. The process was continued with 220, 400, and 600-grit sandpaper 

until all surfaces were uniform. Once the grinding was complete, samples were washed with distilled 

water then by ethanol in an ultrasonic bath for 10 minutes before the tests. 

 

2.2. Vanadium Compound 

The vanadium compound used included sodium metavanadate NaVO3, 2NaVO3:5V2O5 mixture 

(which allows the formation of sodium -vanadil-vanadate, Na2O·V2O4·5V2O5), 10NaVO3:7V2O5 

mixture (which allows the formation of sodium -vanadil-vanadate, 5Na2O·V2O4·11V2O5) and 

vanadium pentoxide (V2O5). Where the highest basicity corresponds to NaVO3, the highest oxygen 

absorption capacity corresponds to 10NaVO3:7V2O5 mixture, and the highest acidity corresponds to 

V2O5. Both the pure compounds and salts mixture were ground into an agate mortar. This was done so 

that all salts have the same grain size and to homogenize the salts mixture. 

For simplicity, hereafter we will use the following nomenclature: V = V2O5, NV = NaVO3, 

NV6 = 2NaVO3:5V2O5 or Na2O·V2O4·5V2O5, and NV3 = 10NaVO3:7V2O5 or 5Na2O·V2O4·11V2O5, 

with N = Na2O. Where the melting point of compounds formed are 691 °C, 630 °C, 627 °C and 535 

°C, respectively [2, 21]. 

 

2.3. Mass Loss Tests 

Before corrosion tests, the specimens were cleaned with acetone and dried and then packed in 

the mixture of salts in porcelain crucibles with 500 mg/cm
2
 of vanadium salt. The corrosion tests were 

carried out in electric furnaces in a static air during 100 hours at temperatures of 600, 700, 800 and 900 

°C. Four specimens were exposed to each test condition. After corrosion tests the corrosion rate was 

measured as mass loss. Three specimens of each condition test were decaled and chemically cleaned 

according to ASTM G1 standard, and other specimen was mounted in thermosetting resin in cross-

section and polished to analyze the subsurface corrosive attack using a Karl Zeiss DSM-950 scanning 

electronic microscope (SEM) with an X-ray energy dispersive (EDS) analyzer. 
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2.4. Electrochemical Tests 

Electrochemical experiments were performed using an ACM Instrument controlled by a 

personal computer. A typical three electrode arrangement was used with two platinum wires as 

pseudo-reference electrode and counter electrode. All the potentials described in the text are relative to 

the platinum electrode, unless stated differently. For electrical connection of the working electrode a 

Ni20Cr wire was spot welded. Ceramic tubes were used for isolating the electrical wire from the 

molten salt, the gap between the ceramic tube and electrical connection wire was filled with refractory 

cement. Size, preparation of specimens and corrosive mixtures were the same for electrochemical tests. 

Owing to the melting point of the salts, the test temperatures were 700, 800 and 900 °C. A 20 ml 

alumina crucible was used for containing the corrosive mixture and placed inside an electrical furnace. 

When the test temperature was stabilized, the three electrochemical cell electrodes were introduced 

inside the molten salt. In all experiments, the atmosphere above the melt was static air. Experimental 

setup used in the present study is shown in Figure 1. 

 

 
 

Figure 1. Experimental setup of the electrochemical cell. 

 

One of the main problems of the electrochemical techniques used in molten salt corrosion at 

high temperatures has been the use of a correct reference electrode. The most commonly used 

reference electrode is an Ag wire immersed in molten salt which contains Ag
+
 ions; such salt with Ag

+
 

ions is separated from the study system by a conductive membrane [22]. The second option as 

reference electrode is a platinum wire (Pt) submerged in molten salt which has Pt
+
 ions at a specific 

molar concentration [23]; both options are isolated from the studied electrochemical medium by a 

membrane [23-24]. However, the conductive membranes used are not commercial, therefore it is 

necessary to manufacture them in the laboratory. For this reason, in this study, the conductive 

membrane was not created, and instead a formal reference electrode was used, which met three 

conditions: constant potential, a well-known redox couple and fast kinetic, i.e., a pseudo-reference 
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electrode was used. This pseudo-electrode was a Pt immersed directly in electrolytic medium for 

corrosion evaluation, however the redox electrochemical couple was not identified, and it has not been 

reported [6-8, 10-12, 25-30]. However, in order to check if the pseudo-reference electrode was stable, 

another platinum electrode was immersed in the working salts and the potential of the first electrode 

was monitored with time once the temperature was stabilized (900 °C). This potential at the beginning 

was 25 mV nobler than the second platinum electrode, but after 45 min this difference was very stable, 

having a fluctuation of ± 3 mV. Sidky and Hocking that other well-established facts for the choice of 

Pt as the pseudo-reference electrode are not only its reversibility and unpolarizability in the selected 

salt media, but also its stability and reproducibility [25]. Recently Kasen and Jones [31] investigated 

the usefulness of platinum (melting point; 1768.3 °C)  as an electrochemical reference electrode and 

they concluded that under certain conditions, such as high temperature or in molten electrolytes, where 

the usual reference electrodes such as calomel or Ag/AgCl/KCl electrodes cannot be used in 

electrochemical measurements, Pt is the reference electrode of choice.  

For each measurement carried out, the linear polarization resistance (LPR), and the polarization 

curves (Ecorr vs. Icorr) were obtained. In order to determine LPR, a potential polarization of ±10 mV 

was applied and the variation in current intensity associated with that polarization was measured 

hourly up to a total of 24 hr. Tafel slopes (ba, bc) were obtained from the active regions of the 

corresponding anodic and cathodic curves by scanning the potential from -300 to 300 mV applying a 

scanning rate of 1 mV/s. From LPR measurements Icorr values were obtained using Stern-Geary 

equation. 

 

 acp

ca
corr

bbR

bb
I




303.2
    (1) 

 

After testing, corroded specimens were mounted in thermosetting resin and examined in a Karl 

Zeiss DSM-950 scanning electronic microscope (SEM) with an X-ray energy dispersive (EDX) 

analyzer. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Polarization curves 

Figures 2 to 4 show the results of potentiodynamic polarization curves for Cr in vanadium salts 

at 700, 800 and 900 °C, respectively. The polarization curves at different test temperatures displayed 

similar behavior. In general, it is observed that the addition of V modified the behavior of both the 

anodic and cathodic branches and the Ecorr values. In all cases, the Ecorr value was displaced in the 

anodic direction, and this displacement was based on the V ratio in the melt. The Ecorr gap was higher 

when V content was higher. It is observed that the magnitude of this gap decreases with increasing 

temperature. At 800 °C a significant variation in Ecorr values is not observed in NV3, NV6 and V. 

Similarly it is observed an increase in the Icorr value (one order of magnitude) with the addition of V 
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respect to the value observed in NV. Similar behavior has been noted by other authors in molten 

sulfates where the addition of V2O5 in small amounts increases the Icorr values until two orders of 

magnitude [32]. This increase in the aggressiveness of the melt is due to the acid character of V2O5, 

which increases both the melt acidity and the solubility of the protective oxides [33]. 
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Figure 2. Potentiodynamic polarization curves for Cr in different NV-V ratio at 700 ºC. 
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Figure 3. Potentiodynamic polarization curves for Cr in different NV-V ratio at 800 ºC. 
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Figure 4. Potentiodynamic polarization for Cr in different NV-V ratio at 900ºC. 

 

The V addition modified the behavior of the cathodic branch increasing its slope in relation to 

the quantity of V present in the melt. Similar trends have been reported and this is attributed to 

occurrence of diffusion controlled reactions at the electrode interfaces [32, 34-36]. Since vanadium is a 

transition element it can exist in various oxidation states, being +5 and +4 the most stable valence 

states. The V
5+

 and V
4+

 ratio depends on the oxygen partial pressure and and/or its basicity. The 

presence of these multivalent metallic ions in a molten salt increases the corrosion rate due to the 

counter-diffusion of multivalent cations or electron hopping, which would provide rapid transport of 

charge through the melt [33]. Cyclic voltammetric studies [32] have showed that the presence of V2O5 

in the melts increase the current considerably high, and that the process responsible for this can be due 

to the formation of different types of vanadate ions in its V
5+

, V
4+

 and V
3+

 states.  

In all cases, the behavior of the anodic branches show a continuous increase in current without 

showing any limiting current, indicating that the anodic processes is the determining factor for 

corrosion in the presence of vanadium salts. However, in the case of melts with V addition, this 

increment is greater (one order of magnitude) and is also affected by temperature. The behavior of the 

anodic and cathodic branches denote that the strong ability of vanadium to reduce its lower oxidation 

states is the main cause that enhances the Cr corrosion in the vanadate melts. This is explained because 

vanadium acts as an electron sink in the molten salt system and consume electrons released by 

oxidizing components of the system [32]. In addition, Mittelstadt and Schwerdfeger [37] indicate that 

the presence of Na2O stabilizes the highest oxidation state of vanadium, and therefore the Icorr values 

also varied according to the Na2O content of in molten salts (NV  NV3  NV6  V). 

Figure 4 shows the Icorr change determined from the polarization curves for each NV-V ratio 

and test temperature. According to the figure, it is observed that the lower and highest corrosion rate 

was in the NV and V melts at all temperatures, respectively. In particular at 700 °C is observed that 

NV3, NV6 compounds show almost the same aggressiveness, and in this case both compounds have 

the highest oxygen absorbing capacity [13-14]. However, from 800 °C upwards there is a clearer 
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definition of the tendency of aggressiveness and this increase is in the order V > NV6 > NV3 > NV. 

This behavior is not a function of the oxygen absorption capacity, on the contrary depends of the melt 

acidity, i.e., the corrosion rate increases with the content of V2O5. This is consistent with studies 

indicating that the reactivity of some oxides in molten vanadates increase in the order V2O5 > NaVO3 > 

Na3VO4 [33]. It should be noted that the polarization tests can be considered as a pattern of the 

beginning of the corrosion process of the molten salt-alloy system, and this trend may change in long-

term exposures. 

 

3.2. Linear Polarization Resistance 

Figures 6 to 8 show the Icorr variation with time from linear polarization tests of Cr in the 

different vanadium salts from 700 to 900 °C. It is noted that at 700 °C (Figure 6), chromium showed 

the highest corrosion rates to the first minutes of immersion in the molten salts, and subsequently they 

decreased to a nearly constant trend. This behavior may be due to the rapid development of a 

protective oxide layer [1-2, 10]. The initial behavior is in agreement with the Icorr measurements 

observed from polarization tests. At 800 °C (Figure 7) is observed a similar behavior to that shown at 

700 °C, except that the Icorr values are higher as expected in a processes activated by temperature. At 

900 °C (Figure 8) the higher corrosion rates were observed, and a gradual decrease in corrosion rate is 

not observed as that shown at 700 and 800 °C. This may be because it was not possible the grown and 

establishment of stable protective oxide, since this one was constantly dissolved by the vanadium salts 

[1-2]. These short time tests showed that in all cases the molten salts aggressiveness was a function of 

its acidity, i.e., its content of V, where the aggressiveness varied according to V  NV6  NV3  NV. 

The behaviors observed at all temperatures, show a uniform corrosion process because sudden changes 

in Icorr values were not observed. These trends can change for longer exposure times since a stability 

zone by the grown oxide is not observed [11-12]. 
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Figure 5.  Effect of temperature on the Icorr values at different NV-V ratio. 
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Figure 6.  Icorr variation versus time for Cr in NV, NV3, NV6 and V melts at 700 ºC. 
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Figure 7.  Icorr variation versus time for Cr in NV, NV3, NV6 and V melts at 800 ºC. 
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Figure 8.  Icorr variation versus time for Cr in NV, NV3, NV6 and V melts at 900 ºC. 
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3.3. Mass Loss Tests 

In this case the mass loss tests were carried out from 600 to 900 °C for 100 hours, Figure 9 

shows the results where the effect of the different salts on the corrosion rate is shown. From the figure 

it can be seen that at 600 and 700 ºC the Cr corrosion rate is highest in NV3 and NV6 followed by NV 

and V, i.e., the aggressiveness of the molten salt was greater in those compounds with higher oxygen 

absorption capacity [13-14, 20, 38-39]. At 800 ºC there is a clear separation of the corrosive behavior 

of the vanadium salts, and at 900 ºC catastrophic corrosion rate values were observed, where the most 

aggressive compound was V, whereas the least aggressive compound was NV. At 800 and 900 °C it 

was observed that the aggressiveness of the molten salts was dependent on the vanadium contents; V > 

NV6 > NV3 > NV. From these results it can be considered that in vanadium molten salts, the stability 

of the protective oxide (Cr2O3) is determined by three factors; the oxygen absorption capacity [13-14], 

salt acidity [33], and temperature. 
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Figure 9.  Corrosion rate for Cr in NV, NV3, NV6 and V as a function of temperature. Corrosion test 

of 100 hours. 

 

Figures 10 throughout 13 show the SEM images of the cross section aspect of the Cr specimens 

after being exposed to the vanadium salts at 600, 700, 800 and 900 °C for 100 hours. According to 

Figures 9 and 10, it can be seen that the highest degradation and corrosion rate of Cr in NV was at 800 

C and 900 °C. Also, it shows that at all temperatures, an external three layer structure was observed, 

the first one was chromium oxide (Cr2O3), the second one was a chromium vanadate layer, and the 

external layer was NV as identified by X-ray diffraction studies. It is evident that the oxide layer was 

dense and porous free, and the vanadate layer is thin. 
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Figure 10.  Cross section aspect for Cr after the corrosion test in NV at 600, 700, 800 and 900 °C for 

100 hours. 

 

Figure 11 shows micrographs of the cross sections of Cr exposed to NV3. This figure shows 

the presence of a protective oxide layer at 600 and 700 °C together with an external chromium 

vanadate layer.  At 700 °C the protectiveness of the external oxide decreases which is evident by an 

increase in the corrosion rate at 800 °C (Figure 9) due to the oxide dissolution process by molten salts. 

From 800 to 900 C, there is not a remarkable increase in the corrosion rate, and the micrographs show 

the presence of a thin oxide layer and a thick chromium vanadate layer together with the 

reprecipitation of chromium oxide particles. In this case, the chromium vanadate layer could have 

performed as a barrier against the penetration of the corrosive agent. However, notwithstanding that 

there is no substantial increase in the corrosion rate of chromium it is evident that chromium oxide is 

completely destroyed at temperatures higher than 800 °C. This is important because the corrosion rate 

in vanadium molten salts is determined by the stability of both protective oxide layer and corrosion 

products formed on the metallic surface, and consequently the stability of both is determined by 

temperature. For example, at temperatures where a solid corrosion products are formed at the metal 

surface, they can protect the metal even in the presence of molten phases. In this case, the corrosion 

rate is determined by the thickness and porosity of the corrosion products scale. A constant thickness is 

reached when the scale growth rate is equal to its removal rate by dissolution, as it could be observed 

in the case of NV (Figure 10). At temperatures where stable solid products are not formed, the integrity 

of the material is compromised because the formation rate of the protective oxide is lower than its 

dissolution rate. In engineering alloys this can result in a catastrophic corrosion process because the 
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continuous fluxing of the protective oxides may cause a bulk alloy depletion, and the new layer oxides 

formed can be less and less protective [1-2].  
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Figure 11.  Cross section aspect for Cr after the corrosion test in NV3 at 600, 700, 800 and 900 °C for 

100 hours. 

 

Figure 12 shows the SEM images micrographs of the cross sections of Cr exposed to NV6. The 

presence of a protective oxide layer at 600 and 700 °C is observed. At 600 °C the presence of a 

corrosion product layer between the protective oxide and the vanadium salt was not observed; 

however, at 700 °C the presence of a chromium vanadate layer and a thin layer (1 micron) of 

chromium oxide was found. At 800 and 900 °C the formation of a protective oxide layer was not 

found. Figure 13 shows the appearance in cross section of Cr evaluated at 900 °C in NV6 and the 

elements mapping for V and Cr. Figure shows the presence of a thick layer of corrosion products (Cr 

and V), and the absence of a layer of Cr2O3. According to the X-ray mappings, it could be seen that the 

chromium oxides were dissolved by the vanadium salts forming a porous layer of chromium vanadates 

allowing the precipitation of chromium oxide particles. In the case of the corrosion of chromium in 

NV6 as observed in Figure 9, the corrosion rate increases substantially depending on the temperature, 

in contrast to what was observed with NV and NV3, i.e., by increasing the acid nature of the molten 

salt (vanadium content) the chromium oxides are less protective. 
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Figure 12.  Cross section aspect for Cr after the corrosion test in NV6 at 600, 700, 800 and 900 °C for 

100 hours. 

  

   

 

Figure 13.  Aspect of Cr evaluated in NV6 at 900 °C and mapping of elements for Cr and V. 

 

Figure 14 shows micrographs of the cross sections of Cr exposed to V. This figure shows that 

at 600 °C, chromium degradation is almost the same as that obtained in static air at the same 

temperature. Since the melting point of the salt is 690 °C, at 700 °C degradation increased slightly. 

This is substantiated by the thin oxide layer and the vanadate scale observed onto the Cr surface. At 

higher temperatures degradation increases rapidly (Figure 8 and 13). At 800 °C a fine chromium oxide 

layer and a thick one of chromium vanadate was observed (80-100 micron). The corrosion rate was 
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increased significantly at 900 °C, due to the oxide dissolution, since a layer of porous oxide was 

observed. It was also found the presence of few particles of chromium vanadates.  
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Figure 14.  Cross section aspect for Cr after the corrosion test in V at 600, 700, 800 and 900 °C for 

100 hours. 

 

X-ray diffraction analysis performed on the corrosion products showed the presence of both 

Cr2O3 and CrVO4, except in the case of V at 600 °C where only chromium oxide was detected. 

Although at 600 °C only the NV3 was in a liquid state, the presence of the chromium vanadate in NV 

and NV6 was due to solid state reactions. These results demonstrate that the vanadium salts prevent the 

growth of dense and adherent protective oxides; in addition, Zhang and Rapp [15] have shown that the 

vanadate ions increase the acidic solubility of any oxide. 

Then, considering that the only compounds present in the molten salts were the NaVO3 and/or 

V2O5, then the metallic vanadate detected could have been formed according with any of the following 

reactions: 

 

  (2) 

 

    (3) 

 



Int. J. Electrochem. Sci., Vol. 10, 2015 

  

4942 

Both reactions justify the aggressiveness shown by the vanadium salts. Particularly, low 

aggressiveness observed in NV can be due to the fact that during the reaction with the Cr2O3, besides 

forming the CrVO4 also Na2O is formed. Where Na2O decreases the acidity of the melt and stabilizes 

the higher oxidation state of vanadium (V
5+

) [37] thus decreasing the V
5+

/V
4+

 proportion. The presence 

of these multivalent metallic ions increases the corrosion rate by providing a rapid transport of charge 

through the melt [33]. Similar effect has been reported by increasing the oxygen partial pressure [40-

41]. The concentration of V
4+

 ions in the liquid state is dependent on the oxygen partial pressure above 

the melt, as shown below: 

 

   (4) 

 

Decreasing oxygen partial pressure will lead to an increased V
4+

 ion concentration, with a 

corresponding increase in electrical conduction and a decreases in the corrosivity of the melt. 

Therefore one solution proposed for vanadate-induced corrosion by heavy oils in boilers is the use of 

low excess air. In this case, NaVO3 is the predominant species, consequently the metavanadate solute 

ion VO3
-
 complexes with the oxide ions provided by the acidic dissolution of Cr2O3 to form 

orthovanadate ion VO4
3-

. According to Rapp [42] the complexing reaction does not depend upon 

which oxide is providing the oxide ions, so that reaction is considered to be completely general for 

every oxide [43-52].  

On the contrary, reaction 3 describes the aggressiveness of the melt only in the presence of V. 

In this case, the formation of the chromium vanadate does not generate by-products that modify the 

aggressiveness of the melt, unless the oxygen partial pressure is modified according to reaction 4. 

According to some authors, [40-41], electrical conduction in liquid vanadium pentoxide is considered 

to occur with electrons hopping from V
4+

 to V
5+

 centers by a thermally activated diffusion mechanism, 

at oxygen partial pressures greater than 0.1 atm. At lower pressures the conduction occurs by 

collective-electron conduction in partially filled 3d bands where the valence and conduction bands can 

be overlapped due to the cations separation in the melt becoming less than some critical distance, 

0.297 nm.  

However, the aggressiveness of NV6 and NV3 depends of both reactions. With a greater 

proportion of V, the melt aggressiveness is increased, ie, the effect of the Na2O is inhibited due to the 

acidic nature of the V. Moreover these mixtures have the capability to accommodate a great amount of 

oxygen in the melt and the ability for a fast diffusion of oxygen through its layer to the metal surface. 

In vanadate mixtures there is a increases in the oxidizing character of the melt due to the presence of 

the redox couple (V
5+

/V
4+

), and an increase in the ionic conductivity as a result of rapid oxygen 

exchange between the different vanadium oxide species, which favors oxide transport across the salt 

film [53]. Furthermore, according to Pantony and Vase [54] the protective action is normally related to 

poor conductivity of oxide films and in the presence of molten vanadates the rate of exchange with 

molecular oxygen is greater for those with higher electrical conductivity, therefore, involves also an 

enhanced diffusivity of oxygen and a consequent increase in the corrosive properties of the melt. 

Therefore, the highest corrosion rates observed in the melts with V it is due to the acid/base nature of 
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this oxyanion salt that enhanced the dissolution (fluxing) of the normally protective oxide scale, 

promoting the formation of a non-protective precipitated oxide particles in the corrosion products. 

 

 

 

4. CONCLUSIONS 

The intensity of the degradation of chromium in vanadium salts depends on the nature of the 

oxide formed, temperature and corrosive agent. Chromium had an acceptable corrosion resistance up 

to 700 °C. However, above this temperature, its protective ability decreases due to an increase on the 

oxide dissolution in vanadium salts. The aggressiveness of vanadium salts is a function of temperature. 

The salts which induced highest corrosion rates on the temperature limit of 600 to 700 °C were NV3 

and NV6, whereas at higher temperatures the highest corrosion rates were obtained in V. As 

temperature increases, the aggressiveness not only depends on the salt ability to absorb oxygen, but 

also of the vanadium content. 
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