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ABSTRACT: The main task of this work is to compare the corrosion behavior of four 13%Cr martensitic stainless steels, used 
usually for turbo engine blade fabrication, in synthetic and natural river water, using the electrochemical techniques (OCP time 
monitoring coupled with EIS, potentiodynamic polarization and pitting potential evaluation). A corrosive environment was used (a 
100 ppm NaCl solution) because in natural waters, the most dangerous species are chloride ions and we wanted to simulate the 
corrosiveness of the Romanian Olt river. In our opinion, it is difficult to extrapolate the laboratory obtained results from the 
simulated solution and short exposure time, and for this reason, the second environment used was the natural downstream water 
from Izbiceni. The immersion time was extended up to 250 days. The obtained results show that the long time monitoring of OCP 
offers real information on corrosion behavior of martensitic stainless steels with extra low carbon content used for turbo blade 
fabrication. 
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1. INTRODUCTION 
The martensitic stainless steels contain from 9 to 12 
weight percent chromium along with other alloying 
elements, such molybdenum, titanium or 
columbium; they have the body-centered cubic (bcc) 
crystal modified structure known as martensite at all 
temperatures below their melting temperatures. 

The 12% Cr transformable steels with low carbon 
content are now promising alloys for a lot of 
industrial applications because of their high strength 
and toughness, good underwater fatigue resistance, 
good cavitation corrosion and wear resistance, high 
hardenability and good mechanical properties of 
heavy   section castings [1-4]. 

The corrosion resistance of these stainless steels is 
lower than that of ferritics [5], but for the medium 
aggressiveness environments like natural river 
waters, they have been successfully used for specific 
devices or components from water treatment plants 
or hydroelectric power plants. 

One of the main components of hydro turbines is 
blade. Blades quality determinates the efficiency, 
contribution and service life of turbine units. 

The main task of this work is to compare the 
corrosion behavior of the four 13% Cr martensitic 
stainless steels used usually for turbo engine blade 
fabrication, in synthetic and natural river water using 
the Open Circuit Potential monitoring coupled with 
Electrochemical Impedance Spectroscopy and  
potentiodynamic polarization methods. 

2. EXPERIMENTAL DETAILS 
2.1 Materials 

We have checked four martensitic stainless steels 
with about 13% chromium and different nickel and 
copper content as are displayed in the table 1. 

Table 1. The chemical composition (weight %) of studied 
martensitic stainless steels 

Content, % 
Material 

Bookmark C Si Mn P S Cr Ni Mo Cu V N Nieq/Cr 
eq* 

1 0,04 0,3 0,89 0,023 0,011 12,45 - 0,48 - - 0.003 0,1 

2 0,08 0,3 0,30 0,013 0,016 12,42 1,00 0,06 1,14 0,04 0.08 0,16 

3 0,02 0,4 0,55 0,019 0,020 12,05 2,7 0,41 - 0,03 0.05 0,275 

4 0,01 0,4 0,8 0,020 0,009 13,1 4,7 0,49 0,21 0,04 0.005 0,38 

*Nieq/Creq ratio was calculated after [6]. 

The samples were cut at a dimension of 10x10cm 
and before the tests, the work surfaces were polished 
up to mirror quality, to have a known surface area, 
ultrasonically degreased  using alkaline solution and 
dried with alcohol. The non-active areas were 
insulated with a thin Teflon tape.  

As corrosive environments, three types of solutions 
were used. The first was synthetic river water, with 
composition at an average level of chloride ions, at 
about 0,1 mg L-1 of NaCl and the second was the 
natural river water with the following chemical 
composition (mg L-1):  

Cl-1=0,23; NH4
+=0,33; NO3

-=2,1; NO2
-1=0,03. 

To compare the steel’s behavior related to the 
chloride ions and determine the values of pitting 
potentials, we used a dilute Na2SO4 water solution 
(80μgL-1), with electrical conductivity of 85μScm-1.  
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2.2 Methods 
For the corrosion behavior study, we used the Open 
circuit potential-time dependence method for 
immersion time up to 6000 hours, Electrochemical 
Impedance Spectroscopy at OCP with a small dc 
perturbation of 10mV. For corrosion rates and the 
pitting potentials evaluation, we used 
potentiodynamic polarization methods starting from 
cathodic potentials up to anodic potentials, with a 
potential scan rate of 2,5 mVsec-1.  

 The measurements were done using the galvanostat 
- potentiostat equipment (Gamry). As the reference 
electrode, we used the saturated calomel electrode 
and the auxiliary electrode was platinum. The 
acquired data was analyzed with EchemAnalyst. 
software 5.2 version, Tafel slope method. 

The microstructures of samples were acquired by 
optical microscopy using Optical microscope 
OLYMPUS GX51 equipment. 

3. RESULTS AND DISCUSSIONS 
The microstructures of alloys are low carbon lath 
martensitic matrix, dislocation martensitic one, with 
reverse austenite and ferrite less than 1% as is shown 
in the figure 1. All studied molten steels present a 
specific high recovery microstructure with 
martensitic and ferritic dendrites and different small 
inter granular segregate δ ferrite. So, the figure 1a 
presents a microstructure of steel 1 with no 
martensite forming alloyed elements (Ni, Cu) with 
predominantly high recovery martensite, tall rough. 
The intergranular delta ferrite can be shown in 
extremely low proportions (about 1%) and common 
globular non-metallic complex inclusions were 
identified, such as sulfides and silicates.   

 
a 

 
b 

Figure 1.  The Microstructures of studied samples- optical 
microscopy after chemical specific attack a) steel 1  

and b) steel 4 

In the figure 1b a recovery of a martensitic structure 
can be seen with ferritic bands away without 
intergranular δ ferrite. 

The figures 2-4 show the potential time evolution of 
samples in synthetic and natural river waters. The 
OCP is a very important indicator for a time 
corrosion prediction of a material/environment 
couple, especially when the tendency of material at 
anodic polarization is known. Therefore, if the 
polarization curve shows a passive potential range 
by current density decreasing, a movement of OCP 
toward electropositive direction means that the 
material tends to passivate. 

 
Figure 2. Corrosion potential evolution in laboratory synthetic 

water for 300 hours 
 

 
 

Figure 3. Corrosion potential evolution in natural water  

So, after about 300 hours of immersion in synthetic 
water, the corrosion potential of the samples 2, 3, 
and 4 are placed at more electropositive values than 
-200mV (figure 2), these alloys tend to passivity (the 
OCP are practically constant in passive range of 
potentials), while the alloy 1 remains active [1]. In 
all situations, the movement of OCPs around the 
stationary values is an indicator of the passivity film 
breaking and repairing, meaning pitting initiation. In 
natural water, because its  chemical composition is 
very complex, the OCPs are more electronegative 
than in synthetic water for 2 and 4 alloys in the same 
period of immersion, while the OCP of alloy 3 
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remain positive (figure 3). In order to evaluate the 
alloys’ corrosion behavior for a long period of 
immersion in natural river water, the OCPs were 
monitored for about 250 days (5800 hours) in the 
laboratory, by maintaining a constant water level 
and by assuring the natural oxygen concentration. 
This evolution, displayed in the figure 4, shows that 
all surfaces are passive the OCPs are always in 
passive potentials range (see the figure 10 too); the 
OCPs moved slowly toward electronegative values 
up to -380mV for the alloys 2 and 4. Because the 
corrosion potentials are relatively constants, we can 
conclude that the surfaces are stabilized, the initiated 
pitts are closed, and do not influence the working 
capability of the turbine. Moreover, the old turbines 
which worked more than 30 years, have very thin 
pitts on the surface (see figure 5). 

 
Figure 4. The time OCP evolution of steels measured in the 

laboratory  in natural river water during 5800 hours 

 
Figure 5. The surface aspect of the old turbine blade after 

about 30 working years in natural river water 

The OCP measurements have to be coupled with the 
electrochemical impedance spectroscopy study. The 
captured information is presented as Niquist and 
Bode curves, figure 6 and 7. 

At the small frequency, the alloys 2, 3 and 4 display 
similar behavior with the polarization resistance 
values at around 100kΩ and diffusion tendency, 
while alloy 1 is more reactive, with the Rp of 30kΩ, 
probably with porous surface film (table 3). 

Table 3. The Rp values [KΩ] obtained from EIS curves in 
different environments 

Sample 
number 

Synthetic 
river water Natural river water 

  After 0 hours 
of immersion 

After 2000 hours 
of immersion 

1 29,39 27,55 20 
2 165,2 70,5 60 
3 108,2 50,39 200 
4 87 36,54 50 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. The EIS results, as Bode curves, of studied martensitic stainless steels performed in synthetic water before 
immersion (detail - Niquist curves) 
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Figure 7.  The EIS results, as Bode curves, of studied martensitic stainless steels performed in natural water before immersion 
(detail - Niquist curves) 

 
In natural river water, as is shown in the figure 7, the 
EIS diagrams performed before immersion show 
that the Rp values are in the same order (1, 4, 3 and 
2), but are smaller because of the higher 
aggressiveness of natural water.  

After 2000 hours of immersion, figure 8, the order 
and the shapes of the curves changed. Curves 2 and 
4 show an activated process at surface, with two 
time constants and the diminishing of polarization 
resistance. 

 
Figure 8. The EIS results, as Bode curves, of studied martensitic stainless steels performed in natural water after 2000 hours of 

immersion 

Sample 4 presents an increasing of polarization 
resistance from 50KΩ up to 173KΩ in agreement 
with the OCP evolution (figure 3), after 2000 hours 

of immersion, the OCP of the steel number 4 was the 
most electropositive, which means the surface tends 
to passivate.  
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3.1 The influence of chemical composition of steels 
on pitting potential 

Chemical composition of these steels have been 
discussed both in absolute values of alloyed 
elements and in ratio of equivalent nickel and 
chromium. The equivalent composition has been 
calculated using the Schaeffer diagram and its 
related relations [7] modified by Balmford and 
Lippold [6] as: 

• Cr equivalent = Cr + 2Mo + 10[Al + Ti] 

• Ni equivalent = Ni + 35C + 20N 

As it is seen in the table 1, the Nieq/Creq ratio 
increases from steel 1 to 4, which means that the 
tendency to form martensite is increasing in the 
same order. However for pitting resistance 
evaluation, it is important to calculate the Pitting 
resistance equivalent numbers (PREN). This is a 
theoretical way of comparing the pitting corrosion 
resistance of various types of stainless steels, based 
on their chemical compositions. We calculated the 
PREN for studied steels using the most used formula 
[8] (for Cr we used calculated equivalent amounts). 
Table 4. The equivalent values for Ni, Cr and pitting resistance 

equivalent number, PREN 

Steel Nieq Creq PREN 

1 1.4 13.41 13.45 

2 3.8 12.54 13.89 

3 3.4 12.87 13.67 

4 5.05 14.9 14.98 

Figure 10 presents the anodic polarization curves 
performed in solutions with and without chlorine 
ions for samples 1 and 3. This was performed in 
order to highlight the decreasing passive region 
because of chloride ions, from about 1000 mV 
(oxygen evolution potential) to about 350 mV- the 
cracking of passive film. It is obvious that in Na2SO4 
solution, the current densities remain at very low 
values for all potential ranges up to oxygen 
evolution potential, while in the presence of chloride 
ions, the surface passive film breaks suddenly at 
lower potential values. These values are pitting 
potentials. 

As is shown in the figure 9, the increase in PREN 
values is beneficial from a pitting resistance point of 
view, by increasing the passive potentials domain 
(up to passive film breakdown). 

 
Figure 9.  Polarization scans performed in 100mg/L NaCl 

solution 

From the figure, it can be showed that the most 
electropositive pitting potential value corresponds to 
the high value of this number (14.98 for steel 4) and 
this behavior can be correlated to the low level of 
the carbon content and the higher level of the 
chromium too. The importance of steel's chromium 
level for the passivity of these alloys is known. Steel 
1 has the worst behavior from this point of view, and 
this can be correlated with the lower PREN value, 
but probably with a lower Ni equivalent value (steel 
no nickel). Figure 11 shows a hole formed during 
anodic polarization on the steel 1 surface. A lot of 
very small pits can be seen on the sample’s surface 
and the bigger one is 15,78 μm in length.  

 
     Sample1                                                     sample 3 

Figure 10. The potentiodynamic polarization curves performed 
in the presence and the absence of chloride ions (NaCl 

100mgL-1 and Na2SO4 80 mgL-1) 

There are no big differences between PREN values 
of these four studied steels, but from polarization 
curves, it can be seen that there are significant 
differences between pitting potentials (figure 10) in 
agreement with metallographic aspects of the 
surfaces. One of our conclusions is that the PREN 
numbers cannot be used to predict the pitting 
behavior for particular steel. 
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Figure 11.  Pitting hole after anodic polarization, sample 1 

4. CONCLUSION 
The open circuit potential is an important indicator 
for the time evolution of steel surfaces in natural 
environments. 

The four extra low carbon content martensitic 
stainless steels were checked from the OCP time 
evolution point of view in synthetic and natural river 
water. 

The least resistant materials in natural river water, 
from OCP-time variation point of view, were steels 
3 and 5, from the beginning of the experiments and 
after about 6000 hours of immersion.  

Steel 4 had the best corrosion behavior, as the 
polarization resistance Rp was the highest after the 
2000 hours of immersion (173 KΩ). The OCP was 
relatively constant, and that is in agreement with the 
other corrosion indicators reported elsewhere [5].  

The long time monitoring of OCP in real 
environments offers information on corrosion 
behavior of martensitic stainless steels. 

The PREN calculated numbers cannot be used to 
predict the pitting behavior for particular steels, it 
only provides preliminary information that must be 
completed with electrochemical investigations 
preferably using environments whose compositions 
are close to natural or more aggressive. 
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