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ABSTRACT 

 
The steam generator (SG) is one of the main components of a PWR, so the performance of this type of nuclear 

power plant depends to a large extent on the trouble-free operation of SGs. Its degradation significantly affects 

the overall plant performance. Alloy 800NG (Incoloy
®
 800) is a nickel-iron-chromium alloy used for steam 

generator tubes in PWRs due to their high strength, good workability and resistance to corrosion. This behavior 

is attributed to the protective oxide film formed on the metal surface by contact with the high temperature 

pressurized water. However, chloride is one of major SG impurities that cause the breakdown of the passive film 

and initiate localized corrosion in passive metals as Alloy 800NG. The aim of this study is to provide 

information about the pitting corrosion behavior of the Incoloy
®
 800 steam generator tube under normal 

secondary circuit parameters (250ºC and 5 MPa) and abnormal conditions of operation (presence of chloride 

ions in the secondary water). For this, optical microscopy, XRD and EDS analysis and electrochemical tests 

have been carried out under simulated PWR secondary water operating conditions. The susceptibility to pitting 

corrosion was evaluated using electrochemical tests and the oxide layer formed on material was examined by 

means of scanning electron microscopy (SEM) and energy dispersive X-ray spectrometer (EDS) analyses. 

 

 

1. INTRODUCTION 

 

The steam generator is one of the key components of a PWR, so the performance of this type 

of nuclear power plant depends to a large extent on the trouble-free operation of SGs. 

Corrosion has been the major cause of tube failures in nuclear steam generators [1, 4]. Its 

replacement is very expensive and complex. For these reasons it becomes necessary to assure 

that the steam generator performance will be maintained for the entire life established by the 

design, i.e. 30 years with the possibility of extension to 40 years [5].  

Nickel-base alloy has been used for steam generator tubes in PWRs due to their good 

corrosion resistance [3]. This behavior is attributed to the protective oxide film forms 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 [1, 2, 6, 7]. 

 

 With the increasing demand of life extension for nuclear power plants (NPPs), the long-term 

resistance to corrosion for 800 still has yet to be fully studied. It is important to study the 

corrosion  behavior of Alloy 800  in simulated high temperature pressurized water [8, 9]  . 
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Generally, the high temperature water corrosion and primary water stress corrosion cracking 

(PWSCC) are basically electrochemical processes [10, 11]. 

 

The existing experience of different nuclear power plants shows that the water chemistry has 

an important role in the electrochemical behavior of the Alloy 800. 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. 

 

The goal of this work is to study the electrochemical behaviour of Alloy 800NG in the PWR 

Secondary Water Environment at 250ºC. First of all, it was evaluated the electrochemical 

behavior of the material in normal steam generator chemistry conditions at 250ºC. After that, 

anomalous conditions considering the unintentional contamination of the cooling water 

system with seawater were studied. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Material and test solutions 

 

The commercial steam generator tubing material Alloy 800 nuclear grade was  used. Table 1 

shows the chemical composition and Figure 1 shows the microstructure of Alloy 800NG. 

Cylindrical specimens (16.2mm outside diameter, 14.8mm length and 0.9 mm nominal wall 

thickness) were cut from the as-received material. 

 

Table 1. Chemical composition of Alloy 800 (wt%) 

C Ni Cr Fe Ti Al Mn Si S Cu 

0.012 32.46 20.47 45.0 0.53 0.31 0.57 0.42 0.001 0.017 

 
 

 
(a) 

 
(b) 

 

Figure 1. Microstructure of Alloy 800 NG 

2.1. Water chemistry conditions 

 

In the first condition, the specimens were tested in simulated PWR secondary system water 

chemistry, as described below: 
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- The pH of the solution at room temperature should be maintained between 9.8 and 10.3 

using ammonia gas (at 250 the pH is about 7.2).   

- The dissolved oxygen (DO) concentration less than 5 ppb oxygen. 

 

Afterwards test solutions were prepared by adding 250 ppb and 1 ppm of Cl
-
 (using NaCl 

analytical grade reagent) to deionized water. The 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. 

 

2.2. Electrochemical measurements and oxide film morphology 

 

Experiments at 250ºC were carried out in a static 1.8L stainless steel autoclave under constant 

pressure of 5 MPa. A metal holder was used to hold the specimen for testing. The specimen 

was isolated from the holder by means of polytetrafluoroethylene (PTFE) rings (Figure 2). At 

each test condition, first the open-circuit potentials (OCP) were continuously measured for 

3600 s. 

 

The anodic potentiodynamic polarization curves were performed with a scan rate of 0.167 

mV. s
-1

 The potential was scanned from -0.2 V to 2.0 V with relation to the open circuit 

potential. The reference electrode was an yttrium stabilized zirconia (YSZ) electrode filled 

with a mixture of Ni/NiO powder and the counter electrode was the body of the autoclave. A 

conversion factor of – 0.672 mV taken from Bosch´s work [12] for the temperature an pH 

conditions of the test was used to convert the measured values to hydrogen electrode potential 

values (VSHE). The measurements were performed using an Autolab potentiostat PGSTAT12 

with software GPES (General Purpose Electrochemical System. The morphology of the oxide 

film formed on Alloy 800 under different chloride contents was examined by means of 

scanning electron microscopy. A Jeol JXA-840 microscope was used. EDS analyses were 

made using a Jeol JXA-8900 RL WD/ED combined microanalyser.  

 

 

 
(a) 

 

 
(b) 

Figure 2.  (a) Autoclave for high-temperature electrochemical studies; (b) Position of 

the sample in the autoclave. 
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3.  RESULTS AND DISCUSSION 

 

The effect of chloride content on the electrochemical behavior of Alloy 800 can be seen in 

Figure 3 by means of anodic polarization curves. Some electrochemical parameters were 

obtained from these curves and are presented in Table 2. The polarization curves show 

similar behavior. In all conditions studied, Alloy 800 exhibits an active-passive transition. 

The corrosion potential obtained on the three studied conditions with addition of chlorite ions 

was similar and the passive current density values were of the same order of magnitude. 

 

Figure 3. Effect of ion chloride on the electrochemical behavior of Alloy 800NG in PWR 

secondary water, at 250ºC. 

 

 

Table 2 - Parameters from the electrochemical tests of Alloy 800NG at 250ºC 

Condition 
Ecorr, mV 

(Ag/AgCl) 

ipass, µA/cm
2
 Etrans, mV 

(Ag/AgCl) 

ΔEpass 

(mVSHE) 

PWR -660 ± 6,5 2,71 ± 0,35 35,3 ± 6,2 556,6 ± 12 

250 ppb Cl- -687 ± 3,2 2,89 ± 0,04 -23,4 ± 6,1 520,6 ± 6,8 

1 ppm Cl- -694 ± 4,4 1,68 ± 0,19 -64,4 ± 1,2 522,6 ± 3,2 

 

 

Figure 4 shows the microscopic examination of the specimen after the anodic polarization 

test in solution with and without addition of Cl
-
. No significant changes occurred in the 

morphology of the corrosion attack of Alloy 800NG in the presence of 250 ppb Cl
-
 as 

consequence of passivity breakdown. A colour change of the Alloy 800NG surface occurred 

in only one region when 1ppm Cl
- 
was added

 
in the PWR solution. No localized corrosion 

was noticed on the samples tested in simulated secondary PWR water condition and in 

solutions with chloride ions. 
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(a) 

 
(b) 

 
(c) 

 

(d) 

 

Figure 4. Image and optical photomicrograph of Alloy 800NG obtained after the anodic 

polarization test. 

 

 

Figure 5 presents the SEM images of the oxide film formed on the sample surfaces under 

PWR condition and with addition of 1 ppm Cl
-
. The presence of crystallites of different sizes 

can be seen for both conditions but at PWR solution the samples were covered by a more 

compact and continuous oxide layer.  

 

 
(a) 

 
(b) 

 

Figure 5.  SEM images of the oxide film formed under PWR condition (a) and with 

addition of 1 ppm Cl
-
 (b). Aumento: 30,000x. 
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The EDS mapping obtained of the Alloy 800NG in under PWR condition and with addition 

of 1 ppm Cl
-
 is shown in Figure 6. Can be observed a compact oxide layer under the 

crystallites, whose composition is close magnetite, is composed of chromium and nickel 

oxide in PWR condition. But a less protective layer containing mainly Ni and Fe was formed 

in the surface when 1 ppm Cl
- 
was added in the PWR solution. 

 

 

 
(a) 

 
(b) 

 

Figure 6. EDS mapping obtained of the Alloy 800NG in under PWR condition (a) and with 

addition of 1 ppm Cl
-
 (b). 

 

 

 

4. CONCLUSIONS  

 

This paper showed a study of the electrochemical behavior of Alloy 800NG at 250 ºC in 

PWR secondary water environment when subjected to contamination with chloride ions. It 

was observed  that no localized corrosion was noticed on the samples tested in simulated 

PWR secondary water condition and when chloride concentration was lower than 1 mg/L Cl
-
. 

However, a change of the passive film at least partially associated to change of the protective 

properties of this film could be observed when the chloride concentration was 1 mg/L Cl
-
. No 

localized corrosion was noticed on the conditions tested. 
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