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ABSTRACT 

In the present paper, the study of pitting and general corrosion of stainless steels used in 

agriculture, specifically for the agricultural biogas plant constructions, is presented. The austenitic 

stainless steels AISI 304L, AISI 316Ti, and duplex steel 2205, were investigated. For the evaluation of 

corrosion resistance, the potentiodynamic studies were performed. General corrosion was determined 

in the Tafel region of potentiodynamic curve, while pitting corrosion was examined on the basis of the 

pitting corrosion initiation potential. Based on the studies carried out, it can be stated that the alloyed 

cold-rolled austenitic stainless steel AISI 304L placed in the environment of the biogas plant ferment 

has the lowest resistance to pitting and general corrosion of all studied steels. The cold-rolled duplex 

stainless steel 2205 placed in the same corrosive environment revealed the highest resistance to these 

types of corrosion. It should be also noted that the pitting and general corrosion resistances of tested 

alloy austenitic stainless steel AISI 316Ti are higher than those ones of AISI 304L, and less than those 

ones of duplex steel 2205. In conclusion, as could be expected, the best material for the biogas plant 

construction is duplex stainless 2205 because it shows the highest resistance to both types of corrosion 

studied. This steel can be advised as a material for construction of fermentation tanks and heating 

installations for mixture ferment. 
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1.  INTRODUCTION 

 

Biogas plants built in different European countries and USA fulfill a very important role 

in development of economy and provide the environment protection [1-6]. In Asia, a huge 

number of biogas plants is employed for cooking, electric lightening and running households. 

In Poland, a low per cent of general production of energy from renewable sources of energy  

comes from biogas [4-6]. The first functioning in Poland rural agricultural biogas plant was 

initiated and set in motion in 2005. A typical agricultural/rural biogas plant consists usually of 

initial containers for stockpiling/storage of biomass, ferment containers to allow its 

fermentation, post-fermentation containers called as lagoon/pool where post-ferment is 

accumulated and a system with generator or co-generator [3-5]. The generator is to convert 

the electric energy and co-generator – the electric al energy into heat.   

Stainless steel is the main material to build infractructure in many industries. Corrosion 

problems concerning dust-control agents were recently reported by Malone et al. [10]. The 

selecting issues and using stainless steels in brewery and for seawater pumps were discussed 

in [11,12]. Welding suitability and corrosion resistance are the main features of materials used 

for structure of the biogas plants [13-16], for construction of fermentation tanks and heating 

installations. In fact, stainless steels are basic materials which fulfill these conditions [17-19]. 

They are both austenitic and duplex stainless steels. However, there are no reliable reports or 

works treating on the selection of materials for construction of biogas plants. Corrosion 

behavior in the environment of ferment of biogas plants seems to be important and should be 

considered [20-22]. This work aims to study corrosion behavior of some of stainless steels, 

both austenitic and duplex type.  

 

 

2.  METHOD 

 

A sample of ferment was acquired from an agricultural plant in the region of Słupsk, 

Poland. The substance from a fermentation chamber was placed in a bottle of  capacity of 5 

litres. The biogas plant with the material taken for examination is characteristic with 

differentiated composition of input to fermentation. The main components taken as a part of 

the input to fermentation chamber are:  silage from maize/corn, slurry/manure in liquid form, 

potato pulp, and vegetable waste. The biogas plant works on the basis of mesofile bacteria and 

operates at the temperature 35 °C. A modern intelligent computer system controls the bio-

processes [1-3]. 

 Three stainless steels, two austenitic AISI 304L, AISI 316Ti, and duplex 2205 SS, were 

undergoing corrosion studies. Samples of dimensions 50 mm × 30 mm were cut off of cold-

rolled sheet of 1 mm thick.  

The experimental set-up was built to perform the corrosion studies (Fig. 1). It consisted 

of electrochemical cell to measure corrosion rate (1), potenctiostat ATLAS 98 (2), and 

computer POL 98 with software (Fig. 1). The electrochemical cell filled with the acquired 

ferment (3) and three electrodes submerged in it: platinum counter electrode CE (1), working 

WE – studied samples (2, 4), and calomel reference RE (5) are displayed in Fig. 2.  

Polarization measurements were performed with potential rate equal 1 mV/s. For 

calomel electrode RE, the Eurosensor Gliwice of type EK-101, being a half-cell presenting 

constant potential value at assumed temperature, was used.  
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Fig. 1. Set up composition: 1 – electrochemical cell to measure corrosion rate;  

2 – Potenctiostat ATLAS 98; 3 – computer POL 98 with software. 

 

 

Fig. 2. Components of set up to measure corrosion rate: 1 – platinum electrode (CE);  

2, 4 – working electrode – studied sample (WE); 3 – electrochemical cell filled with ferment; 

5 – calomel electrode (RE). 
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Potential of this calomel saturated electrode RE at the temperature 20 °C and pH = 4 

equals 223 mV. The electric connection of this electrode with the ferment solution was 

provided by chemically resistant ceramic diaphragm with the resistance in the range of 2 to 10 

kΩ. The platinum in the form of a plate of the area 25 mm
2
 was used as a counter electrode 

CE. 

 

 

3.  RESULTS AND DISCUSSION 

 

The ferment study was carried out in the laboratory of chemical-agricultural station in 

Koszalin. The results are presented in Table 1 and in Figures 3 and 4. It appears the ferment 

has a slightly alkaline reaction and contains, apart from dry mass and water, also nitrogen, 

phosphorus pentoxide (V), potassium oxide, magnesium, and calcium. Based on this 

composition one may assume that unpolluted ferment should possess passivation properties in 

contact with stainless steels. 

 

Table 1. Results of ferment study in  chemical-agricultural station. 

 

Sample pH 

Dry 

mass 
Content of fresh mass, in wt%  

wt% N P2O5 K2O Mg Ca 

Ferment from 

biogas plant 
7.99 2.80 0.40 0.122 0.235 0.012 0.042 

 

 

 
 

Fig. 3. Graph showing the content of dry mass  in the mixture, in wt% 
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Fig. 4. Graph showing the content of components  in the fresh mass of ferment, in wt % 

 

 

In Figure 5 and in Table 2, results of potentiodynamic corrosion studies of austenitic 

stainless steel AISI 304L in a ferment environment, are presented. Fig. 5a shows the results 

with logarithmic vertical axis |i|, and Fig. 5b – with linear vertical axis |i|. The average value 

of pitting corrosion voltage equals 956 ±119.5 mVSCE (median 996.5 mVSCE) with a maximum 

and minimum of 1061 mVSCE and 727 mVSCE, respectively (range 54 mVSCE). On the other 

hand, the average value of general corrosion voltage at the linear Tafel range equals  

414 ±22.4 mVSCE  (median  422.5 mVSCE) with a maximum and minimum of  383 mVSCE 

and 437 mVSCE, respectively (range 54 mVSCE). 

 

Table 2. Study results of potentials: general corrosion Ecorr  and pitting corrosion  Epit  

together with the statistics for austenitic stainless steel AISI 304L  

 

Sample No. AISI 304L SS 

 
Epit Ecorr 

1 1003 424 

2 936 437 

3 990 421 

4 1021 430 

5 1061 383 

6 727 389 

Average 956.3 414 

Sta. deviation 119.5 22.4 

Median 996.5 422.5 

Maximum 1061 383 

Minimum 727 437 

Range 334 54 
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(a) 

 

 

 

 
(b) 

 

Fig. 5. Polarization curves obtained on AISI 304L SS: (a) logarithmic vertical axis |i|,  

and (b) linear vertical axis|i| 
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(a) 

 

 

(b) 

 

Fig. 6. Polarization curves obtained on AISI 316Ti SS: (a) logarithmic vertical axis |i|,  

and (b) linear vertical axis|i| 
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Corrosion results of the following austenitic steel, AISI 316Ti, are given in Figure  and 

8 and in Table 3. Fig. 6a shows the results with logarithmic vertical axis |i|, and Fig. 6b – with 

linear vertical axis |i|. The potentiodynamic corrosion studies of this steel AISI 316Ti were 

also performed in ferment environment. The average value of pitting corrosion voltage equals 

1020.6 ±30.8 mVSCE (median 1019 mVSCE) with a maximum and minimum of 1059 mVSCE 

and 985 mVSCE, respectively (range 74 mVSCE). On the other hand, the average value of 

general corrosion voltage at the linear Tafel range equals 471.8 ±11 mVSCE  (median 371 

mVSCE) with a maximum and minimum of 357 mVSCE  and 384 mVSCE, respectively (range 

27 mVSCE).  

 

Table 3. Study results of potentials: general corrosion Ecorr  and pitting corrosion  Epit  

together with the statistics for austenitic stainless steel AISI 316Ti  

 

Sample No. AISI 316Ti 

 
Epit Ecorr 

1 1019 381 

2 1043 357 

3 1059 371 

4 985 366 

5 997 384 

Average 1020.6 371.8 

Sta. deviation 30.8 11 

Median 1019 371 

Maximum 1059 357 

Minimum 985 384 

Range 74 27 

 

 

Corrosion results of the duplex alloy steel, 2205 SS, in the ferment environment, are 

given in Figure 7 and in Table 4. In Fig. 7a, the polarization results with logarithmic vertical 

axis |i| are presented, and Fig. 7b – with linear vertical axis |i|. The average value of pitting 

corrosion voltage equals 1055.8 ±16.5 mVSCE (median 1059 mVSCE) with a maximum and 

minimum of 1070 mVSCE and 1029 mVSCE, respectively (range 41 mVSCE). On the other hand, 

the average value of general corrosion voltage at the linear Tafel range equals 397.2 ±29.4 

mVSCE  (median 405 mVSCE) with a maximum and minimum of 346 mVSCE  and 417 

mVSCE, respectively (range 71 mVSCE).  
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(a) 
 

 

(b)  

 

Fig. 7. Polarization curves obtained on 2205 SS: (a) logarithmic vertical axis |i|,  

and (b) linear vertical axis|i| 
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Table 4. Study results of potentials: general corrosion Ecorr  and pitting corrosion  Epit  

together with the statistics for 2205 duplex SS 

 

Sample No. 2205 duplex SS 

 
Epit Ecorr 

1 1068 346 

2 1053 402 

3 1059 417 

4 1029 416 

5 1070 405 

Average 1055.8 397.2 

Sta. deviation 16.5 29.4 

Median 1059 405 

Maximum 1070 346 

Minimum 1029 417 

Range 41 71 

 

 

In Figures 8 and 9 the data on pitting potential are given. Fig. 8 shows comparison of 

average pitting potential Epit  including standard deviation of three studied steels, AISI 304L, 

AISI 316Ti and 2205 SS. Fig. 9 shows comparison of pitting potential Epit  medians covering 

ranges of these steels. 

In Figures 10 and 11 the data on corrosion potential are given. Fig. 10 shows 

comparison of average corrosion potential Ecorr  including standard deviation of three studied 

steels, AISI 304L, AISI 316Ti and 2205 SS. Fig. 11 shows comparison of corrosion potential 

Ecorr  medians covering ranges of these steels (Tafel range). 

In Table 5, correlation of study results of general corrosion Ecorr  and pitting corrosion  

Epit  potentials together with the statistics for AISI 304L, AISI 316Ti and duplex 2205 SS, are 

presented. The general corrosion voltage (Tafel range) appears to be the least for AISI 304L 

(–419 mVSCE), testifying of its higher tendency to this kind of corrosion than that one of AISI 

316Ti. 

The pitting corrosion potential of austenitic AISI 304L steel is the lowest (1002.2 

mVSCE), whereas that one for duplex 2205 SS is the highest (1055.8 mVSCE). The results 

obtained prove that the austenitic AISI 304L steel reveals the lowest general and pitting 

corrosion, and the highest resistance to both of them are noted on duplex 2205 SS. One should 

mention also the minimum potential of pitting corrosion because this value is essential to 

initiating the pitting corrosion. Analysis of Epit minimum values indicates again that the 

highest probabilisty for the pitting corrosion initiation exists in case of using austenitic AISI 

304L SS (936 mVSCE), and the least one – in case of duplex 2205 SS (1099 mVSCE). 
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Fig. 8. Comparison of average  Epit  including standard deviation of samples AISI 304L,  

AISI 316Ti and 2205 SS 

 

 
 

Fig. 9. Comparison of  Epit  medians covering ranges of AISI 304L, AISI 316Ti  

and 2205 SS samples 
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Fig. 13. Comparison of average values of Ecorr  including standard deviation of samples  

AISI 304L, AISI 316Ti and 2205 SS (Tafel range) 

 

 

Fig. 14. Comparison of Ecorr  medians covering ranges of AISI 304L, AISI 316Ti 

and 2205 SS samples (Tafel range) 
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In the environment of ferment of biogas plant the general corrosion (Tafel region) of 

the studied steels is improbable (see Table 5). One can say about the tendency only, with: 

 AISI 304L SS revealing the lowest corrosion tendency due to: 

 average value of general corrosion potential equaling −419 ±21 mVSCE  

 median of general corrosion potential equaling −424 mVSCE 

 AISI 316Ti SS revealing the highest corrosion tendency due to: 

 average value of general corrosion potential equaling −371.8 ±11 mVSCE  

 median of general corrosion potential equaling −371 mVSCE 

and 

 duplex 2205 SS presenting results in-between both higher mentioned, with: 

 average value of general corrosion potential equaling −397.2 ±29.4 mVSCE  

 median of general corrosion potential equaling −405 mVSCE. 

 

Table 5. Correlation of study results of: general corrosion Ecorr  and pitting corrosion  Epit  

potentials together with the statistics for AISI 304L, AISI 316Ti and duplex 2205 SS 

 

Sample No. 304L 316Ti 2205 

 
Epit Ecorr Epit Ecorr Epit Ecorr 

Average 1002.2 419 1020.6 371.8 1055.8 397.2 

Sta. deviation 45.7 21 30.8 11 16.5 29.4 

Median 1003 424 1019 371 1059 405 

Maximum 1061 383 1059 357 1070 346 

Minimum 936 437 985 384 1029 417 

Range 125 54 74 27 41 71 

 

 

4.  CONCLUSIONS 

 

The studies carried out on corrosion behavior of three groups of stainless steels in the 

environment of ferment of biogas plants allowed to formulate the following conclusions: 

 cold-rolled austenitic stainless steel AISI 304L reveals the lowest resistance to pitting 

corrosion, with: 

 average value of pitting corrosion potential equaling 1002 ±45.7 mVSCE  

 median of pitting corrosion potential equaling 1003 mVSCE 

 minimum value of pitting corrosion potential: 936 mVSCE 

 cold-rolled duplex steel 2205 SS reveals the highest resistance to pitting corrosion, 

with: 

 average value of pitting corrosion potential equaling 1055,8 ±16,5 mVSCE 
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 median of pitting corrosion potential equaling 1059 mVSCE 

 minimum value of pitting corrosion potential: 1029 mVSCE 

 cold-rolled austenitic stainless steel AISI 316Ti reveals results being in-between those 

of AISI 304L and 2205 SS, with: 

 average value of pitting corrosion potential equaling 1020 ±30.8 mVSCE  

 median of pitting corrosion potential equaling 1019 mVSCE 

 minimum value of pitting corrosion potential: 985 mVSCE. 
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