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Abstract 

Chlorine is broadly used as a disinfectant for tubes and surfaces. The influence of 
such disinfectants on the corrosion behaviour of stainless steels is known in general, 
but the potential for corrosion failures depends on the composition of the specific 
disinfectant as well as on application time and concentrations. Thus a method to 
evaluate the corrosivity of such disinfectant solutions is described and the usability is 
shown. 

Potentiodynamic and ECN Measurements of the corrosion behaviour of X5CrNi-18-
10 were used to show the corrosive properties of different disinfectants. The 
disinfectants were produced in electrochemical processes, mainly described as 
electrolysis of chlorides to chlorine species in aqueous solutions. For the 
potentiodynamic measurements a setup as described in prEN 16056 using a flushed 
port cell according to ASTM G150. ECN Measurements were made using small 
embedded working electrodes. 

The results show the influence of the concentration of free chlorine and chloride on 
the pitting potential of the stainless steel. 

Introduction 

In the recent past, numerous manufacturers have developed systems that produce 
chlorine species for disinfectants in drinking water or similar electrolytes by 
electrolysis. To enhance the production rates, chloride ions are added to the water 
resulting in higher chloride concentrations in the disinfectant-enriched water. While it 
is well known that oxidants and chlorides influence the corrosion behaviour of 
stainless steels, knowledge of the cumulative effect of both agents is restricted. Thus 
investigations of the synergistic interactions are of interest for the evaluation of 
disinfectant fluids as well as for the investigation of corrosion failures. As a beginning, 
two electrochemical measurement techniques are combined to show the influence of 
variations in oxidant and chloride concentrations on the pitting and repassivation 
potentials of stainless steel. 



3 

 

 

Fig 1: Influence of oxidants, chlorides and other parameters on pitting corrosion 

The graph shows the theoretical response of a passive stainless steel electrode upon 
several influences. In general, the distance between pitting Potential Ecrit and free 
corrosion potential Ecor determines the resistance against pitting corrosion. The 
influence of oxidizing species lies in a rise of Ecor whereas chlorides lower Ecrit. Both 
phenomena can occur alone or together leaving the question of the individual 
contribution of each influential species in question. 

Experimental 

All samples were made from X5CrNi-18-10. Prior to each experiment, the samples 
were polished under flowing water using SiC emery paper (starting grade 80 and 
finishing grade 320), cleaned in ultrasonic bath at 50�C, rinsed with double distilled 
water and with ethanol and dried with pressurized air. The exposed surface area was 
6.15 cm2.  

The measurements started within 30 minutes of sample pretreatment. The electrolyte 
solutions were prepared by reagent-grade chemicals and double distilled water and 
additions of disinfectant concentrates. The electrolytes were aerated for 1 hour 
before polarization. Slow anodic polarization from the free corrosion potential (Ecor) 
with the scan rate of 25 mV / 1.5 h (~0.005 mV/s) was carried out in 700 ml Avesta 
glass cells (ASTM G150). The experimental setup is shown in Figure 2. The flow rate 
of the double distilled water was 8 ml/h. To keep the chloride/oxidant content 
constant, 440 mg/l chloride/oxidant solution has been added to the electrolyte 
solution at the same flow rate (8 ml/h). The pH of all used solution was set to 7 with 
NaOH. The pitting corrosion potential (Ecrit) was defined as the potential at which the 
current density exceeds 30 µA/cm2. ECN measurements were conducted using 
standard flag-shaped samples pretreated the way described above 
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Fig.2: Experimental setup 

 

Results 

Principal investigations of the effect of oxidants and chlorides 

The following graphs show the results of current-potential measurements to 
demonstrate the influence of various oxidant concentrations on the corrosion 
behaviour of X5CrNi-18-10: 

 

Fig. 3: X5CrNi18-10 in Berlin drinking water 
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Fig. 4: X5CrNi18-10 in Berlin drinking water, 5 % disinfectant 

 

Fig. 5: X5CrNi18-10 in Berlin drinking water, 10 % disinfectant 

The results show a neglectable influence of the variation of oxidant concentrations on 
the pitting potential. 

Table 1: Pitting potential (30 µA/cm2)  

Material Berlin DW Berlin DW + 5 % 
Disinfectant 

Berlin DW + 10 % 
Disinfectant 

X5CrNi-18-10 1.24 V 1.19 V 1.12 V 
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To show the general influence of oxidants and chlorides, ECN experiments were 
conducted. The following graphs show the results: 

  

Fig. 6: Berlin DW Fig. 7: Berlin DW + 10 % Disinfectant 

  

Fig. 8: 0.05M Cl- 

The ECN Measurements show differences between the electrolytes. Pure drinking 
water shows no fluctuations of the current noise signal, the electrolyte containing 
10 % disinfectant shows small, singular fluctuation indicating individual activation-
repassivation events while a solution of 0.05 M Chloride shows high pitting activity. 



7 

 

Results using oxidant solutions containing different chloride concentrations 

 

Fig. 9: X5CrNi18-10 in 40 mg/l free chlorine, low chloride 

 

Fig. 10: X5CrNi18-10 in 40 mg/l free chlorine, medium chloride 

 

Fig. 11: X5CrNi18-10 in 40 mg/l free chlorine, high chloride 
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All solutions were adjusted to an equivalent of 40 mg/l free chlorine. The results for 
low chloride-containing solution shows low influence of the disinfectant on the 
corrosion behaviour of X5CrNi18-10, whereas the higher concentrations of chlorides 
(800 mg/l and 1300 mg/l respectively) show a clear reduction of Ecrit and no tendency 
for a repassivation of the system. 

  

Fig 12: 40 mg/l Cl2, low chloride Fig 13: 40 mg/l Cl2, medium chloride 

  

Fig 14: 40 mg/l Cl2, high chloride 

These results are supported by the ECN-Measurements, which allow a better 
differentiation between medium and high chloride contents. 

Case Study 

Installation after 4 years of operation, high iron concentrations (up to 140 mg/l) due to 
old supply pipes, material X5CrNiMo17-12-2, permanent disinfection by UV-System 
and Chlorine electrolysis did not suffice, thus additional temporarily chlorine dioxide 
dosage. In 2001 a general disinfection was carried out using 25 mg/l chlorine dioxide, 
several reloadings due to chlorine consumption, afterwards 12 h stagnation with 
some 20 mg/l, finally flushing until drinking water quality. 2-3 days later leakages in 
horizontal pipes (cold and hot water) occurred, one month later again general 
disinfection, again numerous leakages, vertical pipes affected as well. 
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Fig 15: Pitting corrosion in X5CrNiMo17-12-2 pipes 

Conclusions 

Electrochemical experiments provide versatile tools for the assessment of the 
influence of disinfectants on the corrosion of stainless steel. By potentiodynamic 
measurements information about the shift of pitting potential and repassivation 
behaviour can be obtained. ECN can provide additional data about local processes 
without touching the critical potential and provide results with easy interpretation in 
short time. The synergistic behavior of oxidant and chloride concentrations can be 
demonstrated, but further word has to be done to allow an assessment of the 
different contributions to the overall system. In the second half of 201 a new research 
project will start dealing with these effects. 

Disinfection on stainless steels represents a high risk of failure due to pitting 
corrosion. Existing weaknesses will lead to failure, the instructions for the disinfectant 
as well as information of the material supplier have to be considered. Sufficient and 
complete flushing of the installation is essential. Systems for permanent disinfection 
in household installations do not comply to the German DWD. 


