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Abstract- Corrosion behavior of austenitic stainless steels 304L and 316L types in various concentrations of aqueous sodium 
chloride solutions were investigated related to its  pitting corrosion resistance. Experimental testing method was carried out 
by using electrochemical impedance spectroscopy (EIS) at room temperature  (27oC) to evaluate the change of corrosion 
mechanism based on its polarization resistance and capacitive impedance. Aqueous sodium chloride solutions were prepared 
with various concentration i.e. 1%, 2%, 3.5% , 4% and 5% w.t. The testing results which were represented by Nyquist graphs 
and electrochemical equivalent circuits showed that the impedance magnitudes of austenitic stainless steels which indicated 
its corrosion resistance were influenced by sodium chloride concentrations  and the chemical composition of alloys of 304 L 
and 316 L respectively.  Rank of impedance magnitude of 304L and 316L at various chloride concentrations from the highest 
to the lowest were 1%, 2%, 5%, 4%, 3,5% w.t NaCl consecutively. It was observed that the lowest corrosion resistance of 
both alloys was  at 3,5% w.t NaCl which was similar to typical seawater solution. This was caused  by the presence of 
maximum dissolved oxygen solubility.  SS 316L has  higher impedance magnitude compared to SS 304L at all  
concentrations of aqueous sodium chloride solution.   
 
Keywords- Austenitic SS 304L, SS 316L, Corrosion Behavior, Pitting Corrosion Resistance, NaCl aqueous solution, 
Electrochemical Impedance Spectroscopy. 
 
I. INTRODUCTION 
 
Corrosion is a degradation process of metals due to 
its interaction with the environment. Corrosion occurs 
in the form of oxidation/reduction reactions where 
metal at anode site, transfers its electron to cathode 
site. This process will increase the oxidation number 
of metal accordingly turns metal to ion. This ion then 
reacts with substance in the environment and forms a 
corrosion product which will adhere in the surface of 
metal[1]. For years, corrosion has been a major 
problem in various industry, especially oil and gas 
industry. Corrosion has caused approximately 80% of 
failure in oil and gas industry and brought not only 
direct loses but also indirect loses[2]. Direct loses are 
in the form of damage of the equipment or structures 
and indirect loses are in the form of  loss of product, 
environmental contamination and overdesign[3]. 
Corrosion are natural phenomena which can not be 
stopped but can be controlled by using methods 
depending on working condition, needs, and 
application. Materials selection is one of many 
methods that can be used to control corrosion.  
 Materials selection is a technique of 
choosing the right material based on working 
condition and environment of a structure.  Aspects to 
be considered in material selection are mechanical 
and chemical properties, corrosion resistance, design, 
and the cost of material itself. Stainless steels (SS) are 
widely known which have been applied in various 
industries and environments. Among the many types 
of stainless steels, the 316L SS is the most common 

material used, especially in severe corrosive 
environment. The 316L SS is classified as low-carbon 
austenitic stainless steel. The corrosion resistance of  
316L SS is classified as fair to good in various 
environments[4,5].  Despite its lots of advance 
properties, type 316L is relatively an expensive 
material. Therefore, in some cases 316L is substituted 
with 304L in order to reducing the cost. Type 304L is 
classified as low-carbon austenitic stainless steel. The 
corrosion resistance of this type is also considered 
fair to good in various environments[5]. Austenitic 
stainless steels has  a wide spectrum of resistance to 
corrosion by chemical environment due to the 
formation of protective passive film on its surface. 
This film is very thin, essentially transparent and self-
healing. If it is damaged mechanically or chemically, 
it will reform very rapidly[6]. However, such passive 
films are susceptible to breakdown in the presence of 
chloride ion, causing pitting corrosion[7]. Pitting 
corrosion is a very dangerous treat. It produces pit 
which looks small on surface but propagate deep 
inside the metals. This type of corrosion is considered 
more harmfull than uniform attack. The corrosion rate 
of pitting corrosion is 10-100 times faster than 
uniform corrosion[8]. its aggressiveness is due to the 
small size, high diffusity, and strong anionic nature of 
chloride ion[9,10]. 
 The aims of this study are to compare and 
determine the corrosion resistance of 316L and 304L  
in various aqueous sodium chloride solutions. 
Aqueous solutions were prepared in 
1%,2%,3.5%,4%,and 5%, expected to be similar to 
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sea water environment. Corrosion resistance of both 
metals are represented by Nyquist graphs which are 
produced by using Electrochemistry Impedance 
Spectroscopy (EIS) method.   
 
II. DETAILS EXPERIMENTAL 
 
2.1 Materials Specification 
SS 316L and 304L are commercial grade stainless 
steel. Samples are obtained from a steel manufacturer 
company. Chemical composition of samples were 
tested using Optical Emission Spectrometer  (OES). 
These results can be shown in table 1 and 2.  
 

TABLE 1: CHEMICAL COMPOSITION of  SS 316L 

 
 

TABLE 2 : CHEMICAL COMPOSITION of SS 304L 

 
 
2.2 NaCl Solutions 
These solutions were prepared by diluting 
10,20,35,40,and 50 grams of sodium chloride powder 
in 1 liter distilled water in order to make 
1%,2%,3.5%,4%,and 5%  aqueous sodium chloride 
solution, respectively. 
 
2.3 Samples Preparation 
Both stainless steels samples were cut into 4cm x 
4cm plates. Samples then were polished  with 40,60, 
100, 180, 400, 500, 600, 800, 1000 grades emery 
papers followed  by washing and drying. 
  
2.4 Electrochemical Measurment 
Electrochemical measurment  was conducted in a cell 
chamber with three electrode compartments.  The 
electrochemical cell was composed of carbon counter 
electrode, stainless steel working electrode and 
saturated Ag/AgCl electrode as reference electrode. 
 
2.5 Electrochemical Impedance Studies (EIS) 
EIS was carried out in 10mV sine wave AC voltage in 
the frequency range from 11 KHz to 0.059 Hz with 
60 numbers of frequency. Corrosion resistance of 
samples are represented with Nyquist graphs which 
then analyzed using electrochemical equivalent 
circuit. 

III. RESULTS AND DISCUSSION 
 
3.1 Electrochemical Impedance Spectroscopy 
(EIS) Studies 
 
EIS tests were done in order to investigate the 
corrosion behavior of the stainless steel samples. The 
The testing results of can be represented  by the so 
called Nyquist graphs which indicated the corrosion 
resistance of samples. Qualitative analysis was done 
by observing these graphs. The higher the corrosion 
resistance, the greater the diameter of Nyquist graph. 
 

 
Fig.1. Nyquist graphs of SS 316L in various sodium chloride 

concentration 

 
Fig.2. Nyquist graphs of SS 304L in various sodium chloride 

concentration 
  
Based on figure 1 and 2,  SS 316L and  SS 304L 
showed the similar trending in corrosion behavior. 
The corrosion resistance of both metals are 
influenced by the concentration of sodium chloride 
solution. Diameters of Nyquist graphs were decreased 
as the concentration increased. This observed not 
only in SS 316L but also in SS 304L. The highest 
corrosion resistance of both samples were at 1% and 
the lowest were at 3.5% wt NaCl.   
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3.2 Fitting and Simulation 
Quantitative analysis was done by doing fitting and 
simulation on those nyquist graphs. This process will 
produce electrochemical equivalent circuit. In the 
circuit, there are some electrical elements which 
represented the condition on  the surface of samples. 
Those elements are solution resistance (Rs), 
polarization resistance (Rp), double layer capacitance 
(CPE/Cdl), and constant phase element (Q). The 
value of Rs are influenced by the environment, 
samples position, and many more, thus Rs cannot be 
used as representation of samples's corrosion 
resistance. In other hand, the value of Rp is 
influenced only by the material itself. Thus Rp can be 
used as representation of corrosion resistance. There 
is a linear relation between corrosion resistance of 
samples and value of Rp[8].  
Result from fitting and simulation on both stainless 
steels are shown in table 3 and 4 
 

TABLE 3 : FIT and SIMULATION RESULTS on SS    316L 

 
 

TABLE 4 : FIT and SIMULATION RESULTS  on SS 304L 

 
 

 
Fig.3. Rp (Rct) of SS 316L in various sodium chloride 

concentration 

 
Fig.4. Rp (Rct) of SS 304L in various sodium chloride 

concentration 
 
In figure 3 and 4, the highest Rp value of both 
stainless steels are at 1% and the lowest are at 3.5% 
wt NaCl.  Qualitative and quantitative analysis show 
that at 3.5% wt NaCl, SS 316L and SS 304L have the 
lowest corrosion resistance. This is caused  due to the 
presence of maximum dissolved oxygen solubility in 
3.5% aqueous sodium chloride solution[11]. 
 
3.3 Corrosion Behavior Comparasion of SS 
316L and SS 304L 
 
From figure 1 and 2, the rank of impedance 
magnitude at various chloride concentration from the 
highest to the lowest were 1%, 5%, 2%, 4%, 3,5% w.t 
NaCl consecutively  for SS 316L and 1%, 2%, 5%, 
4%, 3,5% w.t NaCl consecutively for SS 304L. 
 

 
Fig.5. Nyquist graphs of SS 316L and SS 304L 1% wt NaCl 
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Fig.6. Nyquist graphs of SS 316L and SS 304L 2% wt NaCl 

 

 
Fig.7. Nyquist graphs of SS 316L and SS 304L 3.5% wt NaCl 

 

 
Fig.8. Nyquist graphs of SS 316L and SS 304L 4% wt NaCl 

 
Fig.9. Nyquist graphs of SS 316L and SS 304L 5% wt NaCl 

 
 In figure 5 and 9, there are immense gaps 
between the nyquist graphs of  SS 316L and  SS 
304L.  These  gaps indicate that at 1% and 5% wt 
NaCl,  SS 316L has better corrosion resistance. In 
figure 7 and 8, the gaps are just small, these indicate 
that at 3.5% and 4% wt NaCl, corrosion resistance of 
both stainless steels are similar. SS 316L has higher 
impedance magnitude compared to SS 304l in every 
concentration, except in 2% wt NaCl. Figure 6 shows 
that type 304L has higher impedance magnitude than 
type 316L in 2% wt NaCl. Based on ref [12] ,in acidic 
and neutral environment, SS 316L should has higher 
impedance magnitude than  SS 304L in every 
concentration. This happened because there was a 
deposition of salt in this concentration during the EIS  
test on SS 316L. Deposition of salt occurred as a 
result of imperfect stirring.   
 Corrosion resistance of SS 316L has a 
tendency to be higher than  SS 304L. It is due to 
addition 2% molybdenum which helps form stronger 
and more stable passive layer[12-15]. 
 
CONCLUSIONS 
 
From the results of this work, the  conclusions are as 
follow : 
 
1. Based on Nyquist graphs and its fitting 
results, rank of impedance magnitude of 304L and 
316L at various chloride concentrations from the 
highest to the lowest were 1%, 2%, 5%, 4%, 3,5% w.t 
NaCl consecutively. Therefore the lowest corrosion 
resistance of both alloys were at  3.5% wt NaCl 
which is similar to  seawater solution.   
2. Corrosion resistance of SS 316L  has 
tendency to be higher than SS 304L  especially in the 
solution containing 1 %, 2 % and 5 % NaCl whereas 
in 3.5 % and 4 % NaCl the difference is relatively 
small. 
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