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CORROSION OF AISI 304L (EN 1.4307) STAINLESS STEEL IN ANIMAL SLURRY 
 

Summary 
 

The stainless steels are used to build parts of machinery for agriculture. These components should have adequate corrosion 
resistance because they contact with aggressive environments, such as natural and artificial fertilizers, or e.g. during the 
biogas production. In such environments austenitic AISI 304L (EN 1.4301) and AISI 316L (EN 1.4571) stainless steels are 
mostly used. In the available literature authors found no information on the corrosion potentiodynamic tests in manure. 
That was the reason to undertake the studies on one of the austenitic stainless steels to perform corrosion tests in the envi-
ronment of animal slurry. The article presents the analysis of general and pitting corrosion of AISI 304L (EN 1.4307) steel 
in the environment which is the cattle slurry. Potentiodynamic measurements were made on the potentiostat ATLAS 98 with 
a scan rate of 0.1 mV�s-1 in the anodic direction and with scan rate of 1 mV�s-1 in the return cathodic direction. The meas-
urement was started in the anodic direction from potential of minus 600 mV against the saturated calomel electrode (SCE) 
to achieve a current density of 1000 �A�cm-2. After that the cathodic scan was done back to the potential of -600 mV vs. 
SCE. The general corrosion in animal slurry is higher than in 3% water solution of sodium chloride. The corrosion poten-
tial measured in the animal slurry was equal to -525 mV vs. SCE. That clearly indicates a higher tendency to general corro-
sion in comparison with the results obtained in 3% sodium chloride solution (-200 mV vs. SCE). The passive current density 
ratio measured in the animal slurry to that one in 3% NaCl aqueous solution is equal approximately 8.5.  
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KOROZJA STALI AISI 304L (EN 1.4307) W GNOJOWICY 
 

Streszczenie 
 

Maszyny oraz urz�dzenia u�ywane w rolnictwie budowane s� najcz��ciej z elementów stalowych. Takie komponenty s� na-
ra�one na korozj� ze wzgl�du na to, �e pracuj� w �rodowiskach korozyjnie agresywnych, takich jak nawozy sztuczne, czy te� 
naturalne, jak i w produkcji biogazu. Najcz��ciej u�ywanymi austenitycznymi stalami stopowymi s� AISI 304 (EN 1.4301) 
oraz AISI 316Ti (EN 1.4571). W dost�pnej literaturze autorzy nie znale�li informacji na temat bada� potencjodynamicznych 
w gnojowicy, czego wynikiem jest przedstawione opracowanie. W artykule przedstawiono analiz� korozji ogólnej i w�erowej 
stali AISI 304L (EN 1.4307) w �rodowisku jakim jest gnojowica bydl�ca. Pomiary polaryzacyjne wykonano na potencjosta-
cie ATLAS 98 z szybko�ci� skanowania 0.1 mV�s-1 w kierunku anodowym oraz 1 mV�s-1 w przypadku skanu powrotnego w 
kierunku katodowym. Pomiar rozpocz�to w kierunku anodowym od potencja�u �600 mV wzgl�dem nasyconej elektrody ka-
lomelowej (NEK) do osi�gni�cia g�sto�ci pr�du 1000 �A�cm-2, po czym nast�powa� pomiar w stron� katodow� do potencja-
�u -600 mV wzgl�dem NEK. Jako elektrody pr�dowej u�yto elektrod� platynow� EPtP-301 oraz elektrody odniesienia NEK: 
EK 101 (0,244 V w temperaturze 25°C). Pomiary SEM/EDX przeprowadzono w Hochschule Wismar (Niemcy) na FEI Qu-
anta 250 FEG z EDS-System NS7 oraz QuasOr EBSD-System. Chropowato�	 powierzchni oraz w�ery by�y przedmiotem 
studiów na Taylor-Hobson Precision Talysurf CCI 6000 w Katedrze Mechaniki Precyzyjnej na Wydziale Mechanicznym Po-
litechniki Koszali�skiej. Wyniki wykaza�y, �e gnojowica bydl�ca jest �rodowiskiem bardziej agresywnym ni� 3% wodny roz-
twór chlorku sodu ze wzgl�du na potencja� korozji oraz pr�d pasywacji. Potencja� korozji stali AISI 304L (EN 1.4307) 
w gnojowicy wskazywa� na wi�ksz� tendencj� powierzchni do korozji (Ecorr = �525 mV vs. NEK) ni� w 3% wodnym roztwo-
rze NaCl (Ecorr = �200 mV vs. NEK). Ró�nice s� równie� widoczne w pr�dach pasywacji dla Ecorr = 0 mV vs. NEK. Stosunek 
pr�du pasywacji w gnojowicy do tego w 3% NaCl wynosi oko�o 8,5. W przypadku korozji w�erowej zauwa�ono odwrotn� 
sytuacj�, to znaczy lepsz� odporno�	 na korozj� w�erow� w gnojowicy ni� w roztworze 3% NaCl. Mo�na to wst�pnie t�uma-
czy	 zaklejeniem powierzchni stali przez cz�stki sta�e gnojowicy, co b�dzie równie� podstaw� dalszych bada�. 
S�owa kluczowe: korozja, stal odporna na korozj�, gnojowica 
 
 
1. Introduction 
 
 Machinery and equipment used in environmental tech-
nology are made mainly from metallic elements. These 
components are subjected to damages caused by corrosion, 
especially when these things are used in a corrosive envi-
ronment. Such environments are inside buildings and con-
tainers with organic agriculture waste � animal slurry. One 
of the animal manure utilization method is a controlled pro-
cess of anaerobic decomposition where biogas [20] and or-
ganic fertilizer are obtained [11]. This method can be also 

utilized to industrial waste, municipal solid waste and sew-
age sludge [10]. Mass of biogas production from the anaer-
obic treatment of cow manure can be a raw material for 
significant electrical current production [12]. 
 Steel products are suitable for many types of agricultur-
al chemical equipment provided it is adequately selected or 
secured [18]. Depending on composition of the feedstock to 
biogas production the type of steel has an impact on the 
corrosion resistance. Animal slurry contains hydrogen and 
oxygen in the form of water and also as a free compounds 
and the chemical elements: nitrogen, phosphorus, potas-
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sium, calcium, magnesium, sodium, trace elements of bo-
ron, copper, manganese, zinc, molybdenum, cobalt, sulfur. 
Number of chemical compounds and elements occurring in 
the biomass during the anaerobic process in biogas plants is 
very high. For the manure and biogas installations, austenit-
ic stainless steels are recommended. These types of stain-
less steels are very often used in engineering [2-9, 13-17]. 
In biogas plants installations stainless steel can be used as a 
material for tanks, digesters, pumps and valves, agitators, 
pipes and fittings and purification applications. For in-
stance, the AISI 316Ti (EN 1.4571) stainless steel has been 
used for the brackets, to build mixers, and for the handling 
equipment [7, 14-16, 21-24]. The digester tanks are made 
of stainless steel grade AISI 304 (EN 1.4301), and AISI 
316Ti (EN 1.4571), dehumidifier systems are made of 
stainless steel grade AISI 316L (EN 1.4404) because these 
components of biogas installations come into contact with 
wet biogas and must withstand the corrosive action of the 
hydrogen sulfide contained in it [14, 23].  
 The effectiveness of sacrificial protection against corro-
sion with the use of magnesium electrodes as anode 10 HA 
and 10 HAV steel were examined under natural exploita-
tion conditions of slurry tanks. The steels have been used 
for the container walls of the tank capacity of 500 m3 filled 
up with the pig slurry [19]. 
 Bietresato, and Sartori in their paper [1] describe the 
electrical measurements of manure conductivity and the 
main slurry composition. On the basis of the two electrodes 
and alternating signal ±5 V with a frequency of 1 kHz they 
managed to develop mathematical formulae to predict the 
amount of nitrogen, potassium and phosphorus which were 
measured in their studies. 
 

 In the available literature Authors found no information 
and/or report on polarization studies of austenitic stainless 
steels in animal slurry solution. Iron-chromium-nickel-
molybdenum-magnesium compact com-pounds were found 
in the passive layers on stainless steels used. Many of them 
are present in the natural environment, but some others, like 
nickel and chromium on the sixth level of oxidation could 
be dangerous in higher doses for the human being.  
 

 The aim of this study was to reveal the general and pit-
ting corrosion action of the animal slurry, with some de-
tailed view on the pits formed on AISI 304L stainless steel 
surface. The electrochemical potentiodynamic study was 
performed to realize that task. 
 

2. Experimental Procedure 
 
 The polarization scan rate was performed on potenti-
ostat ATLAS 98 (Fig. 1a) at the scan rate of 0.1 mV�s-1 in 
the direction of anode and 1 mV�s-1 in case of reverse scan 
using SCE. Start of the scanning was done starting from 
�600 mV vs. SCE to the limit of current density at 1000 
�A�cm-2 and a reverse scan back to the intersection with the 
plateau range of anodic curve was performed. All the polar-
ization measurements were made after a one-hour samples 
keeping immersed in the animal slurry solution. The poten-
tiodynamic studies were performed on AISI 304L (EN 
1.4307) stainless steel without additional treatment (as re-
ceived sheets of the material from ironworks). The compo-
sition of the stainless steel used is shown in Table 1. 
 
Table 1. Chemical composition of AISI 304L (EN 1.4307) 
stainless steel provided by AK Steel Corporation database 
(wt%) [25] 
Tab. 1. Sk�ad chemiczny stali AISI 304L (EN 1.4307) na pod-
stawie danych firmy AK Steel Corporation (% wag.) [25] 
 

Element wt% 
Carbon 0.08 

Manganese 2 
Phosphorus 0.045 

Sulfur 0.03 
Silicon 0.75 

Chromium 18.00 - 20.00 
Nickel 8.00 - 12.00 

Nitrogen 0.1 
Iron Balance 

 
 The platinum electrode EPtP-301 (the plate of dimensions: 
4×5 mm) was used as a counter electrode (CE), a saturated 
calomel electrode EK 101 (+0.244 V in 25 °C) was used for a 
reference (RE), and the studied stainless steel plate (Fig. 1b) 
was the working one (WE). The cell was placed perpendicular-
ly to the sample surface (see Fig. 1).  
 The SEM/EDX studies were performed at Hochschule 
Wismar (Germany) on the ESEM FEI Quanta 250 FEG 
with EDS-System NS7 and QuasOr EBSD-System. The 
surface roughness of AISI 304L (EN 1.4307) stainless steel 
as received, as well as pits formed after the potentiodynam-
ic measurements in the animal slurry, were studied by inter-
ferometric method with Taylor-Hobson Precision Talysurf 
CCI 6000 (Coherent Correlation Interferometry). 

 

 
 

Source: own study / 
ród�o: opracowanie w�asne  
 

Fig. 1. Set up for potentiodynamic measurements of AISI 304L (EN 1.4307) in animal slurry (a), zoom of the electrochemi-
cal cell with counter (CE), reference (RE) and working (WE) electrodes (b) 
Rys. 1. Stanowisko pomiarowe do bada� potencjodynamicznych na stali AISI 304L (EN 1.4307) w gnojowicy (s), powi�k-
szenie naczynka elektrochemicznego z elektroda pr�dow� (CE), odniesienia (RE) oraz pracuj�c� (WE) (b) 
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3. Results 
 
 Austenitic AISI 304L (EN 1.4307) stainless steel sam-
ples were used for the potentiodynamic studies. The SEM 
micrograph and chemical composition from EDS measure-
ment of the studied material are presented in Fig. 2 (a) and 
(b), respectively. Based on the EDS results obtained, the 
chromium to iron ratio was calculated to be 0.26 (wt%). 
Except from iron, chromium and nickel in the steel matrix, 
there were also manganese and silicon as well as carbon 
and oxygen detected, mostly as contamination. In Figure 3, 
there are shown pictures from 3D roughness analysis. The 
first one (Fig. 3a) was obtained by filling non-measured 
points using a smooth shape calculated from the neighbour-
ing points and after removing form with the use of polyno-
mial of the second order: 
 

 
 

where x, y are the two dimensional axes of measured surface. 
 

 The 3D roughness parameters were measured according 
to the standard ISO 25187. In Figure 3b there is shown the 
photo simulation to illustrate the measured surface. On the 
basis of the performed analyses there were calculated 3D 
surface roughness parameters:  
Sa = 0.349 �m (Arithmetic Mean Deviation of the Surface), 
Sq = 0.49 μm (Root-Mean-Square Deviation of the Surface), 
Sp = 2.17 μm (Maximum height of summits), 
Sv = 4.26 μm (Maximum depth of valleys), 
St = 6.43 μm (Total height of the surface). 
 In Figures 4 and 5 there are presented polarization re-
sults from potentiodynamic corrosion measurements.  

 

Source: own study / 
ród�o: opracowanie w�asne  
 

Fig. 2. SEM (a) and EDS (b) results of AISI 304L (EN 1.4307) surface used for the studies 
Rys. 2. Wyniki z bada� SEM (a) oraz EDX (b) wykonanych na stali AISI 304L (EN 1.4307) u�ytej do bada� 
 

 
Source: own study / 
ród�o: opracowanie w�asne  

 

Fig. 3. 3D surface analysis of AISI 304L (EN 1.4307) as received, colour image (a), photo simulation (b) 
Rys. 3. Wyniki bada� chropowato�ci powierzchni 3D stali AISI 304L (EN 1.4307) w stanie dostarczonym od producenta, 
obraz barwny (a), symulacja fotografii (b) 
 

 
Source: own study / 
ród�o: opracowanie w�asne 

 

Fig. 4. Potentiodynamic results of AISI 304L SS (EN 1.4307) austenitic stainless steel immersed in animal slurry solution 
Rys. 4. Wyniki z bada� potencjodynamicznych na stali stopowej austenitycznej AISI 304L SS (EN 1.4307) w gnojowicy 
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Source: own study / 
ród�o: opracowanie w�asne 

 

Fig. 5. Potentiodynamic results of AISI 304L (EN 1.4307) austenitic stainless steel submerged in 3% NaCl water solution 
Rys. 5. Wyniki z bada� potencjodynamicznych na stali stopowej austenitycznej AISI 304L SS (EN 1.4307) w 3% wodnym 
roztworze chlorku sodu (NaCl) 
 
 It is clearly visible that the tendency to general corro-
sion is higher in case of the animal slurry than in 3% NaCl 
solution. Corrosion potential in the animal slurry is equal 
�525 mV vs. SCE and for measurements in 3% NaCl it is 
about �200 mV vs. SCE. On the other hand, the potential at 
plateau region, 0 mV vs. SCE for animal slurry amounts to 
the current density of about 0.17 �A�cm-2 and for 3% NaCl, 
about 0.02 �A�cm-2. Thus it appears, the corrosion rate of 
AISI 304L (EN 1.4307) in the animal slurry is about 
8.5 times higher than that in 3% NaCl (the most aggressive 
aqueous sodium chloride solution). On the other hand, there 
is pitting potential which for the animal slurry is very high 
(average of about 700 mV vs. SCE) versus that one in 
3% NaCl (on average of about 300 mV vs. SCE), what 
could suggest a higher pitting corrosion resistance. 
 

 Pits formed on the steel surface after polarization meas-
urements could suggest that the sticky “film” coming from 
the solution/manure created of additional solid particles 
should slow down the pitting corrosion. The study results 
show it is not the case. In view of the phenomena occurring 
on the steel sample in the animal slurry, the Authors are go-
ing to perform additional studies with other electrochemical 
cell, in which there will be no possibility of “gluing” the 
steel surface. 
 In Figure 6, there are shown the three examples of pits 
after potentiodynamic study in the cattle slurry. The small-
est pit (Fig. 6a) area is equal 92797 �m2 and the volume of 
1797625��m3. For the biggest pit presented, the area is 
0.755 mm2 and the volume is 9205328��m3. In all stages of 
the pitting process, extensive pits formation was noted with 
some new, small ones created inside them (Fig. 4c).  

 

 
Source: own study / 
ród�o: opracowanie w�asne 

 

Fig. 6. Pits development after potentiodynamic study in the cattle slurry: pit’s area 92797 �m2, pit’s volume 
1797625��m3(a); pit’s area 0.264 mm2, pit’s volume 915990��m3(b); pit’s area 0.755 mm2, pit’s volume 9205328��m3 (c) 
Rys. 6. Rozwój w�erów po badaniach potencjodynamicznych w gnojowicy: powierzchnia w�eru 92797 �m2, obj�to�	 w�eru 
1797625��m3 (a); powierzchnia w�eru 0,264 mm2, obj�to�	 w�eru 915990��m3 (b); powierzchnia w�eru 0,755 mm2, obj�to�	 w�eru 
9205328��m3 (c) 
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4. Conclusion 
 
 The results of the study have shown, that the cattle slur-
ry is more corrosive environment than 3% water solution of 
sodium chloride. The corrosion potential of AISI 304L (EN 
1.4307) stainless steel measured in the animal slurry (Ecorr = 
�525 mV vs. SCE) clearly indicates a higher tendency to 
general corrosion in comparison with the results obtained in 
3% sodium chloride solution (Ecorr = �200 mV vs. SCE). 
The differences in passive current densities have also 
shown that the corrosion resistance in slurry is lower than 
that in 3% NaCl solution. 
 The ratio of passive current density measured in the an-
imal slurry to that one obtained in 3% NaCl solution for 
Ecorr = 0 mV vs. SCE is equal about 8.5. However, the pit-
ting potential has shown the other situation, i.e. better pit-
ting resistance in the animal slurry. Most probably it is due 
to creating an additional solid-particle solution layer which 
slow down the pitting corrosion. The following studies, us-
ing other set up, where the steel electrode will be placed at 
the top of the electrochemical cell, are needed. They are to 
reveal the role and influence of solid particles coming from 
the animal slurry on the general and pitting corrosion. 
 
 
5. References 
 
[1] Bietresato M., Sartori L.: Technical aspects concerning the 

detection of animal waste nutrient content via its electrical 
characteristics. Bioresource Technology, 2013, 132, 127-136. 

[2] Hryniewicz T., Montemor F., Fernandes J.S., Kuszczak J., Cor-
rosion behaviour of AISI 304 stainless steel in varying alkaline 
environments. In�ynieria Materia�owa, 2001, 30 (1), 58-63. 

[3] Hryniewicz T., Rokosz K.: Analysis of XPS results of AISI 
316L SS electropolished and magnetoelectropolished at vary-
ing conditions. Surface & Coatings Technology, 2010, 204, 
2583-2592. 

[4] Hryniewicz T., Rokosz, K.: Investigation of selected surface 
properties of AISI 316L SS after magnetoelectropolishing. 
Materials Chemistry and Physics, 2010, 123, 47-55. 

[5] Hryniewicz T., Rokosz, K.: Polarization characteristics of 
magnetoelectropolishing stainless steels. Materials Chemistry 
and Physics, 2010, 121, 169-174. 

[6] Hryniewicz T. Rokosz, K., Micheli V.: Auger/AES surface 
film measurements on AISI 316L biomaterial after Magneto-
electropolishing. PAK (Measurement Automation and Moni-
toring), 2011, 57, 609-614. 

[7] Hryniewicz T., Rokosz K., Cristea E.A., Measurement and 
Visualisation of Pitting Corrosion. Acta technologica agricul-
turae, 2012, 3, 73-77.  

[8] Hryniewicz T. Rokosz, K.: Electrochemical and XPS studies 
of AISI 316L stainless steel after electropolishing in a mag-
netic field. Corrosion Science, 2008, 50, 2676-2681. 

[9] Hryniewicz T., Rokicki R., Rokosz K.: Magnetoelec-
tropolishing for metal surface modification. Transactions of 
the Institute of Metal Finishing, 2007, 85, 325-332. 

[10] Lebiocka M., Paw�owski A. Biometanizacja metod� zrównowa-
�onej utylizacji odpadów. Rocznik Ochrony �rodowiska (Annual 
Set The Environment Protection), 2009, 11, 1257-1266. 

[11] Marsza�ek M., Banach M., Kowalski Z.: Utylizacja gnojowi-
cy na drodze fermentacji metanowej i tlenowej – produkcja 
biogazu i kompostu. Czasopismo techniczne. Chemia 2-Ch, 
2011, 10, 143-158. 

[12] Rico C., Rico J.L., Tejero I., Mu�oz N., Gómez, B.: Anaero-
bic digestion of the liquid fraction of dairy manure in pilot 
plant for biogas production: residual methane yield of diges-
tate. Waste Manage, 2011, 31, 2167–2173. 

[13] Rokosz K., Hryniewicz T.: Effect of magnetic field on the 
pitting corrosion of austenitic steel Type AISI 304. Ochrona 
przed Korozj�, 2011, 54 (7), 487-491. 

[14] Rokosz, K., Hryniewicz, T., Raaen S.: Characterization of 
Passive Film Formed on AISI 316L Stainless Steel after 
Magneto-electropolishing in a Broad Range of Polarization 
Parameters. Steel Research International, 2012, 83, 910-918. 

[15] Rokosz, K., Hryniewicz, T., Raaen S.: Pitting Corrosion Re-
sistance of AISI 316L Stainless Steel in Ringer's Solution af-
ter Magnetoelectrochemical Polishing. Corrosion, 2010, 66, 
035004-035004-11. 

[16] Rokosz K., Hryniewicz T.: Pomiary odporno	ci na korozj� 
w�erow� stali austenitycznej AISI 304 u�ywanej do budowy 
cystern mleczarskich. Technika Rolnicza Ogrodnicza Le	na, 
2012, 3, 12-15. 

[17] Safley Jr L.M., Westerman P.W., Kim Carr D.S.: Corrosion 
of galvanized steel in animal waste environments. Biore-
source Technology, 1992, 40, 53-61. 

[18] Shaffer T. F. Jr.: Use of corrosion-resistant steels for agricul-
tural chemicals. Transactions of the ASAE, 1964, 7 (4), 439-
443, 447. 

[19] St��a�a, S. Wieczorek, S. Kitowski, A.: Badania skuteczno	ci 
i wyznaczenia mechanizmu ochrony protektorowej stalowych 
zbiorników wype�nionych gnojowic�. Problemy In�ynierii 
Rolniczej, 1998, 6 (2), 81-88. 

[20] Szyma�ski K.: Nowe rozwi�zania w zakresie pozyskiwania 
biogazu wed�ug technologii MT-ENERGIE®. Rocznik 
Ochrony �rodowiska (Annual Set: The Environment Protec-
tion), 2010, 12, 249-262. 

[21] www.stallkamp.pl/biogazownie.html  
[22] Mixers for biogas plant www.ljm.dk  
[23] Stainless steel in biogas production � a sustainable solution 

for green energy. www.worldstainless.org  
[24] Stal nierdzewna. www.stalenierdzewne.pl/porady-

ekperta/biogas 
[25] http://www.aksteel.com 

 
 
Acknowledgments: The BerlinerLuft company, especially Bogus�aw Lackowski, PhD is acknowledged for delivering sam-
ples for the studies. The Michaliszyn is highly acknowledged for delivering animal slurry for the studies. Many thanks are 
directed to Professor Wojciech Kacalak, DSc PhD, former Rector of Politechnika Koszali�ska (KUT), and the Head of Pre-
cision Engineering Division there, for making available the instruments of Taylor-Hobson Precision Talysurf CCI 6000. 
Mr Robert Tomkowski, PhD, a specialist of the Laboratory for Micro- and Nanoengineering, is thankful for the surface 
analysis carried out using the Talysurf CCI 6000. The Authors acknowledge Prof. Winfried Malorny, PhD of Hochschule 
Wismar, Germany, for providing SEM/EDX of the AISI 304L austenitic stainless steels used in the studies. 


