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Corrosion behavior of austenitic stainless steel 304 (SS) in various concentrations of H2SO4 and NaCl 

solutions was investigated using chemical and electrochemical techniques. Corrosion rate was measured 

by weight-loss and potentiodynamic polarization. The effects of acid concentrations and voltage scan 

rate were studied by cyclic voltammetry. Corrosion rate of 304 SS decreases with increasing NaCl 

concentrations. On the other hand, corrosion rate increasing with increasing the H2SO4 concentrations. 

The surface morphology was characterized by SEM. The elemental analysis was examined by EDX and 

the elemental distribution by mapping of the corroded 304 SS in different media.  
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1. INTRODUCTION 

 

Stainless steels (SS) are commonly utilized in numerous scientific and engineering applications 

due to their strong corrosion resistance [1-3]. Corrosion resistance resulted from the creation of a passive 

film on the SS surface in aqueous media, which protects them from corrosion. For advantages like; thin, 

extremely adherent, self-repairing, high stability and durability, this passive film is ideal for a variety of 

applications. At the metal/film interface, the outer layer includes Fe and Cr oxy-hydroxide and hydroxide 

compounds, whereas the inner layer contains Cr2O3 [4, 5].  Although passivation lowers the anodic 

reaction involved in corrosion, pitting corrosion can still occur in acidic media [3]. Pitting corrosion is 

frequently undetected until catastrophic damage has occurred as a result of formation of extremely small 

pit cavity on SS surface, which are always covered by process fluids or heavy layers of corrosion 

products. Pitting corrosion increased the corrosion rate, which was influenced by pH [6], flow velocity 

[7], and temperature [8], surface roughness [9], and Cl-ion concentration [1]. As a result, corrosion 
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control is challenging.  Because of the failure of some of SS due to pitting, significant work was devoted 

to understand and explain pitting behavior, as well as corrosion of numerous SS/environment 

combinations was investigated [5, 10]. For many industrial applications, they focused on localized 

corrosion of SS in chloride, chloride/thiosulphate, chloride/sulphide, bromide and bromide/sulphide 

media [11- 13]. Pitting corrosion is a special form of anodic reaction that results in stimulating and 

inhibiting to the pit's continued activity [14]. 

Chloride- and sulfide-ion concentrations influence the passivity breakdown on metal surfaces. 

These ions diffuse from the film/solution interface to the metal/film interface. When aggressive ions are 

present in low concentrations, they do not interfere with the metal passivity mechanism; nevertheless, 

when aggressive anions are present in high concentrations, the potential starts to oscillate because of 

devastation of passivity by attacker anions. The aggressive anions adsorb to metal ions and promote 

chemical dissolution; more attacker anions trigger the devastation of the passive layer, resulting in pit 

formation. The results of cyclic potentiodynamic polarization are utilized to identify the breakdown of 

passivity and the start of pits on metal surfaces. All chlorides become harmful in the presence of oxygen 

or hydrogen peroxide [2]. The partial dissolution of sulfide-ion inclusions may result in the formation of 

pits, which are responsible for pit mouth decoration and, eventually, collapse [15, 16, 17]. The kinetics 

of passivity and passivity destruction on a SS surface due to hostile anions and pH are studied using 

potentiostatic measurements. Dastgerdi et al [18] studied the effect of Cl- and pH on the pitting corrosion 

of 304L SS.  

This research aims to study the pitting corrosion resistance of 304 SS in different concentrations 

of NaCl and H2SO4 solutions by weight-loss, potentiodynamic measurement and cyclic voltammetry. 

The corroded surfaces in different media were characterized by SEM, EDX and mapping for elemental 

distribution.  

 

 

 

2. EXPERIMENTAL WORK 

The 304 SS chemical analysis is 0.07%C, 0.62%Si, 0.12%V, 0.21%Co, 0.95%Mn, 17.9%Cr, 

0.08%Mo, 7.6%Ni and the rest is iron. The samples were cut with dimension of 1cm x 2cm and thickness 

4mm.  The 304 SS specimens were tested against corrosion using polarization test with surface area of 

0.5 cm2. Working electrode was prepared for metallography by using various grades of SiC paper from 

100 to 1000 grit, polished by using 0.3 µm alumina paste, polished to 1um by diamond paste, finally 

dried using acetone before chemical and electrochemical analysis.  

 

2.1 Wight-loss  

All specimens immersed at the same time in the experimental media of NaCl and H2SO4 at 

concentrations of 0.5M and 1M. The weight-loss values of 304 SS were measured after 7, 14 and 21 

days intervals from each of these acids. Then, they chemically cleaned to remove the corrosion products. 
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Using ethanol and distilled water for rinsing the samples then dried and weight measured. All reading 

taken to be nearest to 0.001g. 

 

The corrosion rate (CR) of specimens were calculated according to Eq. 1 [19] 

 

CR (mm/Yr) = 87.6 x (W/DAT)                                           (1) 

 

Where W is the loss in weight in milligrams, D is the density in g /cm3, A is the area in cm2, T is 

the time of exposure in hours. 

 

2.2 Potentiodynamic Polarization 

The electrochemical study performed at 25 °C with PGZ 100 Potentiostat unit including 

corrosion cell containing 500 ml of various electrolyte of NaCl and H2SO4 aqueous solutions at 25 °C. 

A platinum electrode used as the auxiliary electrode and calomel reference electrode used as the 

reference electrode while the steady state open circuit potential (OCP) noted.  A new specimen used for 

each run. The potentiodynamic polarization study made from -500 mV versus OCP to +500 mV versus 

OCP at scan rate of 0.833 V/s, then measuring the corrosion currents.  The corrosion current density 

(Icorr) and corrosion potential (Ecorr) determined from Tafel plots of potential versus logarithm of 

corrosion current density. The corrosion rate (CR) calculated as follows in Eq. 2 [19-22]: 

  

CR (mm/yr) = (0.00327 x Icorr x eq.Wt)/D                                      (2) 

     

Where Icorr is current density in uA/cm2, D is the density in g/cm3; eq.wt is the equivalent weight 

in grams. 

 

2.3 Cyclic Voltammetry  

Cyclic voltammetry is a powerful and popular electro-chemical technique which commonly 

apply for studying the chemical reactions of molecular species and invaluable. Also, to investigate 

electron transfer-initiated chemical reactions, including catalysis. Cyclic voltammetry studies were made 

from -1200 mv to 200 mv at three different scan rates of 20, 50, and 100 V/s [23-25]. 

 

2.4 Surface morphology 

Morphology and analysis of corroded 304 SS were performed using SEM, EDX and mapping 

for elemental distribution.      

 

 

 

 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220417 

  

4 

3. RESULTS AND DISCUSSION 

3.1. Weight loss  

Figs. 1 and 2 show the relation beteween weight-loss and corrosion rate of 304 SS against 

exposure time in different concentrations of acidic media, respectively.  

 

 
 

Figure 1. Weight-loss against exposure time for 304 SS immersed in different concentrations of acidic 

solution at 25 °C 

 

 
Figure 2. Corrosion rate against exposure time for 304 SS immersed in different concentrations of acidic 

solution in 25 °C 
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The weight-loss slightly decreased and corrosion rate increased with increase in the exposure 

time of NaCl solution. On the other hand, with addition of H2SO4, weight-loss sharply decreased and 

corrosion rate increased as exposure time increased.  

 

 

3.2. Potentiodynamic Polartization 

Fig. 3 provides the variation of potential E with logarithmic of the current density for 304 SS in 

the dilute NaCl and H2SO4 in different concentrations. Table 1 lists the electrochemical data at scan rate 

0.833 V/s.   

 

 

Table 1. The electrochemical data at scan rate 0.833 V/s 

 

Solution Ecorr, mV icorr, µA/cm² Rp, ohm.cm² CR. mm/yr 

0.5 M H2SO4 -375 0.339 0.058 2.314 

1 M H2SO4 -392 2.596 0.007 17.740 

0.5 M NaCl -312 5.129 6.620 0.035 

1M NaCl -286 3.037 7.440 0.021 

 

 

 
Figure 3. Polarization curves for 304 SS in different concentrations of NaCl and H2SO4 at scan rate 

0.833 V/s at 25 °C 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220417 

  

6 

The 304 SS show the highest corrosion resistance in the 1M NaCl. Although the 304 SS show 

higher corrosion rate in 1M H2SO4 than 0.5 M H2SO4, but has the long area of pitting passivation rather 

than in 0.5M H2SO4 [19]. Increasing NaCl concentration shifts the corrosion potential of 304 SS to 

negative potential which is corresponding to decreasing the corrosion rate. On the other hand increasing 

the H2SO4 concentration shifts the corrosion potential of 304 SS to positive potential, so that the 

corrosion rate increased. The H2SO4 is more aggressive than NaCl due to its acidity. 

The existence of some alloying elements, such as Cr, is a very important factor for stabilizing the 

alloy behavior against general corrosion and localized corrosion. Playing a role for Fe and Ni-base 

metals. It accumulates in the passive layer because of its extremely small dissolution currents even in 

strongly acidic electrolytes. During corrosion, the anodic reaction inside the pit occurs according to the 

following reaction: 

 

Fe ↔ Fe2+ + 2e- (dissolution of iron)                     (3) 

 

Electrons by the anode flow to the cathode (passivated surface), whereas they are discharged in 

the following cathodic reaction:  

 

½ O2 + H2O + 2e- ↔ 2(OH-)                                  (4) 

 

As a result of these reactions; the electrolyte inside the pit gains positive electrical charge in 

contrast to the electrolyte surrounding the pit, which becomes negatively charged. The positively charged 

pit attracts negative ions of chlorine for increasing acidity of the electrolyte according to the following 

reaction:  

 

FeCl2 + 2H2O ↔ Fe (OH)2 + 2HCl                      (5) 

 

Greater corrosion rate formed due to the aggressive nature of the ionic species.  

 

In addition, chromium oxides in aqueous solutions to produce Cr2O3 as in the following reaction: 

4 Cr (s) + 3 O2  2 Cr2O3 (s)                                                  (6) 

These oxides and hydroxides precipitate on the metal surface led to transfer of metal from an 

active state to a passive state [26]. 

 

The 304 SS was aggressive attached with Cl− ions and initiate pitting because of small size of 

Cl− ions which enables penetration through the passive oxide film under electric field effect. The electric 

field enhanced to maintain electrical neutrality and hydrolysis of the corrosion products inside pits and 

causing acidification and hence preventing repassivation when it migration. This mechanism is 

autocatalytic due to acidity accelerates increasing of the dissolution rate inside pits. The effects of Cl− 

ion concentration on polarization curves as well as on the Tafel lines of 304 SS in different 

concentrations of H2SO4 is given in Table (1). The electrochemical parameters values such as Icorr, Ecorr, 

and corrosion rate at different concentrations of the NaCl and H2SO4. For all studied samples, the value 
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of Icorr increases with increasing of H2SO4 concentration. In case of increasing NaCl concentration, the 

304 SS electrode is passive due to the Fe and Cr oxides formation.  

 

 

3.3. Cyclic Voltammetry 

The scan rate effect on the shape of the voltammetric profiles of 304 SS specimens immersed in 

either NaCl concentrations or H2SO4 concentrations was investigated in the 20 to 100mV s-1 range. Figs. 

4, 5, 6 and 7 give cyclic voltammetry curves in the two solutions. In the case of the specimen immersed 

in 0.5 and 1 M NaCl concentrations, and in the range of negative potentials, the oxidation and reduction 

peaks current increases with the increase of the potential scan rates. On the other hand, in the 0.5 and 1 

M H2SO4 concentrations, the height of the current oxidation and reduction peaks increased as the 

potential sweep rate increased. In the small going sweep, a small current peak corresponding to the 

resistance of the 304 SS is observed. For H2SO4 and NaCl media, the cyclic voltammetry curves show 

that the current was exclusively faradaic contribution. Finally, the corrosion resistance of 304 SS is 

decreased in H2SO4, but it increased in NaCl due to formation of passive layers of iron and chromium 

oxides. Similar results have been reported for 304 SS in methanolic solution of hydrochloric acid to 

which sulphuric acid was added [7, 23] 

 

 

 

 
Figure 4. Cyclic voltammetry curves of 304 SS in 0.5 M NaCl at different scan rates at 25 °C 
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Figure 5. Cyclic voltammetry curves of 304 SS in 1 M NaCl at different scan rates at 25 °C  

 

 

 
Figure 6. Cyclic voltammetry curves of 304 SS in 0.5 M H2SO4 at different scan rates at 25 °C 
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Figure 7. Cyclic voltammetry curves of 304 SS in 1 M H2SO4 at different scan rates at 25 °C 

 

3.4 Microstructure of 304 SS 

The SEM micrographs, EDX patterns, and mapping of 304 SS immersed in different 

concentrations are shown in Figs. 8, 9 and 10, respectively. Table 2 represents the EDX results of the 

different concentrations of NaCl. From the surface morphologies, pitting corrosion and general corrosion 

are existed in different concentrations of NaCl. Small pits are present in the passive layer then pits 

penetration increases with chloride-ion concentration increasing. Accelerated pitting corrosion causes 

hill and valley topology on 304 SS surface. 

 

  
(a) (b) 

 

Figure 8. SEM images of 304 SS in (a) 0.5 M NaCl and (b) 1 M NaCl 
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Figure 9. EDX analysis of 304 SS in (a) 0.5 M NaCl and (b) 1 M NaCl 

 

 

Table 2. EDX analysis of corroded 304 SS in different concentrations of NaCl in wt.% 

 

Concentration 

NaCl 

Elements in wt.% 

O Na Cl V Si Co Cr Mn Ni Fe 

0.5 M 0.52 0.15 0.11 0.17 0.33 0.60 18.9 0.93 7.29 Bal. 

1.0 M 3.59 1.57 0.45 0.03 1.15 0.41 17.14 0.91 6.78 Bal. 
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(a) (b) (c) (d) 

 

Figure 10. SEM images for 304 SS in NaCl (a, c) 0.5M NaCl  and (b, d) 1 M NaCl 

 

The SEM micrographs, EDX patterns, and mapping made for 304 SS immersed in different 

concentrations are shown in Figs. 11, 12 and 13, respectively. Table 3 represents the EDX results of the 

different concentrations of H2SO4 acid. In both acid concentrations, the corrosion reaction species are 

sulphate ions (SO4-) which breakdown the Cr2O3 passive film on 304 SS achieved by penetrating through 

the passive film to begin the corrosion reactions at its surface. The corrosion damage in the micrographs 

was noticed due to the effect of sulphate ions (SO4) in 1M H2SO4 acid solution which accelerated the 

breakdown of the chromium film similar to those earlier discussed. The obtained EDX pattern indicate 

the existence of S in the passive film which may be rupture the oxide film while simultaneously initiating 

pitting. Fig. 13 illustrates the agglomeration of sulfides in some regions. There are a pitting corrosion in 

304 SS surface which immersed in 1M H2SO4 [27] 

 

  
(a) (b) 

 

Figure 11. The SEM images of 304 SS in (a) 0.5 M H2SO4 and (b) 1 M H2SO4 
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Figure 12. EDX analysis of 304 SS in H2SO4 (a) 0.5 M and (b) 1 M 

 

 

Table 3. EDX analysis of corroded 304 SS in different concentrations of H2SO4 in wt.% 

 

Concentration 

H2SO4 

Elements in wt.% 

O S V Si Co Cr Mn Ni Fe 

0.5 M 1.7 0.12 0 0.51 0 18.79 1.58 6.23 Bal. 

1.0 M 10.0 2.41 0.14 0.21 1.19 14.36 0.79 7.82 Bal. 
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(a) (b) (c) (d) 

 

Figure 13. SEM images for 304 SS in H2SO4 (a, c) 0.5M and (b, d) 1 M 

 

 

 

4. CONCLUSIONS 

Pitting corrosion resistance of 304 SS investigated in 0.5M and 1.0M concentrations of both 

NaCl and H2SO4 solutions. Corrosion rates studied by chemical and electrochemical methods. Also, 

cyclic voltammetry curves investigated with different scan rats for different conditions in the 

investigated media.  The surface morphology of corroded 304 SS examined by SEM, EDX and mapping. 

The weight-loss and corrosion rate of 304 SS in H2SO4 are higher than in NaCl. The polarization curves 

of 0.5M and 1M NaCl demonstrate that the higher the molarity of NaCl, the larger potential at which 

pitting occurs. Higher corrosion resistance of 304 SS in 1 M NaCl than other concentrations was 

confirmed by weight-loss, polarization and cyclic voltammetry. At lower concentrations, results show 

that, a decrease in the passive regions in the H2SO4 as compared to the NaCl, due to destruction of Cr2O3 

passive film. This destruction is formed due to high diffusivity of the chloride and sulfide ions through 

cracks which breakdown faster than the repassivation rate. This formats of pits by autocatalytic 

mechanism. Increasing NaCl concentration led to only delays the pits formation but still enhances the 

corrosion behavior. Surface morphologies of corroded 304SS in different concentrations of H2SO4 have 

a significant pitting corrosion and extensive damage of the passive layer than in NaCl solution.  
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