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ABSTRACT 

 
Alloy 800NG (nuclear grade) is used in nuclear steam generators (SG) as the tubing material for pressurized 

water reactors (PWRs) because of its high corrosion resistance. The corrosion resistance is due to the protective 

character of the oxide film formed on the tube surface by contact with the high temperature pressurized water. 

Nevertheless, corrosion has been the major cause of tube failures in nuclear SGs. The existing experience of 

different nuclear power plants shows that the water chemistry has an important role in maintaining the integrity 

of the protective oxide films. Many of such problems have been attributed to secondary side water chemistry 

conditions and excursions, many of which have been resulted from condenser cooling water ingress. Alloy 800 

is known to undergo passivity breakdown and pitting in the presence of chloride ions under oxidative water 

conditions. In this work the effect of chloride and sulphate ions at various concentrations on the corrosion 

behavior of Alloy 800 tube at 250ºC was investigated using the potentiodynamic anodic polarization technique. 

An active-passive transition occurred at 250ºC in all studied conditions and the oxide film grown on surface 

showed greater porosity and lower resistance to localised corrosion in all studied conditions.  
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1. INTRODUCTION 

 

The efficient operation of a Nuclear Power Plant supposes the assurance of the performances 

established by design for all entire life of the Plant key components. Steam Generator (SG) is 

a key component for a Nuclear Power Plant because this equipment assures the separation 

boundary between the primary and secondary circuit [1]. 

 

Field experience with SGs in the 1970s and 1980s and their root cause confirmed that the 

concentrated impurities beneath the corrosion product deposits on the SG tube surfaces is the 

main reason for the SG tube degradation problems. Accordingly, industry started to develop 

chemistry strategies to counteract these degradation problems [2]. 

 

Nuclear plants began using Alloy 800NG and 690 for SG tubing after primary water stress 

corrosion cracking was observed in Alloy 600MA. Since then, nuclear grade Alloy 800 has 

been used in more than 50 nuclear power plants worldwide [Switzerland, Spain, Belgium, 

Netherlands, Brazil and some Heavy Water PWR (HWPWR) plants in Canada, South Korea, 

Argentina and India] and have not exhibited this type of degradation. This performance can 

be attributed to the chromium and nickel in the alloy, as well as to the presence of titanium, 

which prevents sensitization of the microstructure and a protective oxide film (typically less 

than 1 µm thick) formed on the metal surface that reduces reaction rates of the base metal 

with the environment to low levels when exposed to pressurized high temperature water [3]. 

 

The water chemistry has an important role in maintaining the integrity of the protective oxide 

films. Thus why water chemical control is performed to ensure that corrosion rates remain as 

low as possible. Parameters such as amount and composition of corrosion products, 

impurities (especially dissolved salts) and oxidation agents that influence the corrosion 

behavior of the materials are maintained within certain limits. The main source of penetration 

of oxygen and impurities is by cooling water leakage from the condenser usually caused by 

unintentional contamination by seawater. Such contamination leads to increased 

concentration of chloride and sulphate ions [1]. 

 

The aim of this work was to investigate the effect of sulfate and chloride ions on the anodic 

behavior of Alloy 800NG in the PWR Secondary Water Environment at 250ºC using 

electrochemical methods. First, it was evaluated the electrochemical behavior of the material 

in normal SG chemistry conditions. After that, anomalous conditions considering the 

unintentional contamination of the cooling water system with seawater were studied. For this 

purpose techniques of open circuit potential and potentiodynamic anodic polarization were 

applied. 

 

 

2. EXPERIMENTAL PROCEDURE 

 

2.1. Sample 

 

Samples for electrochemical measurements were Alloy 800NG tubes with 19 mm long and 

16.2mm outside diameter. The external diameter surface of the test specimens was finished 

by grinding with 600 grit silicon carbide paper and ultrasonically cleaned with ethanol and 

then with deionized water before the tests. The nominal chemical composition of Alloy 800 is 

listed in Table 1. 
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Table 1. Nominal composition of Alloy 800. 

 

Composition wt % 

Cr Ni Fe C Mn Si Ti Al Cu S P Co 

20 30 47,945 0,07 0,8 0,4 0,3 0,3 0,1 0,002 0,013 0,07 

 

 

2.2. Test environments 

 

The corrosion susceptibility of Alloy 800NG was evaluated by performing electrochemical 

measurements under the conditions shown in Table 2.  
 

 

Table 2. Solutions for tests performed at 250°C 

 

Cl
-
 SO4

2-
 

1ppm - 

1ppm 250ppb 

250ppb 250ppb 

500ppbb 250ppb 

Simulated PWR secondary water 

 

 

Test solutions were prepared by adding HCl and Na2SO4 (analytical grade reagents) to 

deionized water. A deaerated condition was achieved by sparging nitrogen gas for at least 48h 

prior to each experiment. The test solution pH at room temperature was 9.8 - 10.2. It was 

adjusted by bubbling ammonia gas in the deaerated solutions. 

 

2.3. Electrochemical tests 

 

Electrochemical methods was used to assess the corrosion behavior of SG tube material 

under different environments. Potentiodynamic polarization is a technique where the 

potential of an electrode is swept at a selected rate by application of a current through the 

electrolyte using a potentiostat. 

 

The schematic of the electrochemical cell and sample mounting for high temperature 

electrochemical measurements is shown in Figure 1. 
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Figure 1. A three-electrode system for electrochemical measurements in a static 

autoclave. 

 

 

A Metrohm Autolab Potentiostat/Galvanostat PGSTAT100 was used for the potentiodynamic 

polarization tests in autoclave system. The scan rate was fixed at the ASTM G5-94 [4] 

standard recommended rate, 0.167 mV/s. In this work, the potential was swept from 20 mV 

below the corrosion potential up to 1,800 mV.  

 

An yttrium stabilized zirconia (YSZ) was used as the reference electrode and a platinum plate 

is used as an auxiliar electrode. A conversion factor of  –0.672 V taken from Bosch´s work 

for the temperature and pH conditions of the test was used to convert the measured values to 

hydrogen electrode potential values (VSHE) [5]. Two tests were performed for each condition.  

 

 

3. RESULTS AND DISCUSSION  

 

3.1. Corrosion behavior of Alloy 800NG at 250
o
C 

 

Figure 2 presents superimposed curves obtained at 250ºC in simulated PWR secondary water 

and in solutions containing different concentrations of chloride and sulphate. Curves for 

250ppb Cl
-
 + 250ppb SO4

2-
 and 500ppb Cl

-
 + 250ppb SO4

2-
 solutions were found to be 

similar to the obtained in PWR condition. In such conditions Alloy 800NG exhibited an 

anodic peak associated to a weak active-passive transition and a formation of passive region 

on a potential range between -0.63 and 0.05 VSHE occurred. 
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Figure 2 also shows that at constant SO4
2-

 concentration the stability of the passive film and 

the length of the passive region decreases significantly when the concentration of solution 

was equal to 1ppm Cl
-
 + 250ppb SO4

2-
. In this condition the passive region was very short 

and unstable, indicating film stability lower than in the other solutions.  

 

 
 

Figure 2. Potentiodynamic polarization curves of Alloy 800NG obtained at 250°C under 

conditions with different chloride and sulphate concentrations. 

 

Table 3 summarizes the key electrochemical parameters obtained from the anodic 

polarization curves of Alloy 800NG in studied solutions at 250ºC. 

 

 

Table 3. Parameters from the electrochemical tests of Alloy 800NG in 250ºC PWR 

secondary water. 

 

 

 

Test condition 

 

 

ECORR 

(mVSHE) 

Critical 

Anodic 

Current 

(A/cm
2
) 

Primary 

Passive 

Potential 

(mVSHE) 

Passive 

Current 

(A/cm
2
) 

Simulated PWR secondary water -680 7.8 -582 4.0 

250 ppb Cl
-
 + 250 ppb SO4

2- 
-748 9.3 -634 5.5 

500 ppb Cl
-
 + 250 ppb SO4

2- 
-712 6.1 -591 3.4 

1ppm Cl
-
 + 250 ppb SO4

2-
 -675 3.34 -602 3.64 

1ppm Cl
-
 -611 42 -139 10 

 

 

After each test, the specimen was examined in optical microscope model Leica DM4500P to 

observe if there was localized attack. Minor changes in the morphology of the corrosion 

attack of Alloy 800NG in the presence of 1ppm Cl
-
 were observed. Figure 3 shows a 
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photography of the sample and the photomicrographs of Alloy 800NG, (b) shows scattered 

shallow pits. 

 

 

 
(a) 

 
(b) 

 

Figure 3. Photography of the specimen (a) and photomicrograph (b) obtained after test 

condition of 1ppm Cl
-
. 

 

 

No localized corrosion was noticed on the samples tested in simulated PWR secondary water 

and in solutions with Cl
-
 concentrations less than 1ppm. Figure 4 shows the 

photomicrographs of Alloy 800NG obtained after test condition of 500ppb Cl
-
 + 250ppb 

SO4
2-

. 

 

 

 
(a) 

 
(b) 

 

Figure 4. Photomicrographs of Alloy 800NG obtained after test condition of 500ppb Cl
-
 

+ 250ppb SO4
2-

. (a) 100x and (b) 200x. 
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4. CONCLUSIONS  

 

 This work shows a preliminary study of the corrosion behavior of the Alloy 800NG in 

simulated PWR secondary water environment when subjected to contamination with 

chloride and sulphate ions. The anodic behavior of Alloy 800NG at 250ºC was studied 

using electrochemical techniques. 

 

 The material exhibited a weak active-passive transition at 250ºC. A deviation of the 

potentiodynamic curves in the direction of lower potentials and higher current density 

was observed but a beginning of localized corrosion occurred only when the chloride 

ion concentrations was the highest. 

 

 No localized or substantial generalized corrosion was observed in solutions with Cl
-
 

concentrations less than 1ppm. 

 

 Suggestion for future studies: exploring other concentrations of chloride and sulphate 

in order to investigate its effects on corrosion. 
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