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Abstract 

To determine the corrosion properties of system components 
In primary and secondary circuits of nuclear power plants long-
-term Investigations are needed and experimental loops are 
required containing all the construction materials of the real 
system with operation parameters matching that of the power 
station as close as possible. 

A different approach should be looked for when response 
tin*, of some days or weeks can not be exceeded. 

Comparative investigations were carried out to evaluate a 
fast method to determine corrosion characteristics of multi-
component systems using the model samples representing typical 
components of a nuclear power plant. 

In the usual way corrosion rates were determined in experi
mental runs of several weeks in primary coolant solutions at 
the nominal operational temperature of 90-100 C in the presence 
and in the absence of oxygen. 

* 

On the other hand electrode potentials were measured In the 
coolant, while variations In surface and "near surface" elemental 
composition of the model samples during corrosion as well as the 
corrosion rate was measured in diluted decontamination solution. 

Comparing the results it could be established, that the pro
posed method can not offer absolute values of the corrosion rate 
but It can be used to determine the relative corrosion resistance 
of the system components and to prognosticate possible corrosion-
-incompatible V_y, and this can be done within a couple of hours. 

INTRODUCTION 

Corrosion characteristics of construction materials 
applied in nuclear power stations affect J>ee!des the safety 
of operation,the radioactivity of the reactor, as wall, 
naturally it Is impossible to determine the corrosion 
kinetics of each system component in long tern loop ex
periments under operation conditions matching those of the 
power station as close as possible. A different approach 
should be looked for when shorter response times are 
needed. 

The corrosion kinetics of some different system 
components were determined at parameters modelling those 
of the water chemistry of the primary coolant of WBRs in 
some hundred-hour experiments. The corrosion rates of the 
given components were measured in function of time. 

To develop an accelerated corrosion tost the corrosion 
rates of the samples ware determined after three-hour 
pickling in an aggressive corrosion medium consisting of 
oxalic acid and nitric acid, which was <hoaen to represent 
a decontamination agent in W B R power station to get further 
information on the decontamination properties of the 



S construction materials. From the variation of the aurface 
eleaental composition - from the enrichment or impoverish
ment of the given element - conclusions can he drawn on *;ha 
dissolution of the metals and the existence of oorroaion 
products on metal surfaces. 

EXPERIMENTS 

The corrosion characteristics of five steel /four 
chrome steel and one carbon steel/, one brass and one 
aluminium bronze samples and two system components /one made 
of chrome steel, the other made of brass and aluminum bronze 
beside chrome steel/were investigated. 

the corrosive medium modelling the primary coolant 
contained boric acid 12 g/d»*, K + 20 mg/dm^/in the form 
of KOH/, and HH* 5 mg/dm3 /in the form of HH^OH/, the 
pH was 6.5» and the conductivity was 64 ,uS/cm. The tempe-

o rature of the r«fluxing solution was about 100 C, the 
concentration of the dissolved 0« - with the exception of 
WH, addition - was not controlled. 

The pickle-bath/docontamination agent consisted of 
nitric acid 1 g/dm* and oxalic acid 10 g/dm 3 /pQ = 1,3, 
conductivity = 21,7 mS/cm/, the bath temperature was 90 °C 
and the treatment took 3 hours. 

Investigations were carried out by batch process. 

The elemental composition of the liquid samples was 
determined by isotope excited X-ray fluorescence analysis. 
During the corrosion kinetic experiments tho concentrations 
of the solutions were plotted against reflux times. The 
standard deviations belonging to the <a safety levels de
termined by the Currie method were given. To the data points 
analitic functions were fitted by linear regression. From 

the parameters of the fitted lines - knowing the surface 
areaB of the samples - corroaton rates wore calculated. 
Having finished the experimental runs the quantities of 
the solid corrosion products precipitated from the solution 
of boric acid were determined. During the accelerated 
corrosion tests the rates of corrosion were calculated 
from the concentration of the pickling solutions on the 
basis of the surface areas of tho samples and the time of 
the treatment. 

The surface elemental composition of the construction 
materials was determined by X-ray fluorescence analysis, 
too. The depth of the detected surface layer was about 
7-10 .um. Tho concentrations of Ti, Cr, Un, Fe, Hi, 
Cu, Zn, Sr, Ho were measured. The sensitivity of the 
method varies in the function of the atomic numbers, for 
tho above mentioned oleoonts it was between 1 and 0.2 ppm. 
/Al could not be detected even as a main component of 
aluminum bronze alloy/. 

RESULTS, DISCUSSIONS 
A. Corrosion kinetio Investigations modelling the water 

chemistry of primary coolant 
Modelling the water chemistry of primary coolant the 

corrosion kinetics of two chrome steel, one brass samples 
and two system components were investigated. Plotting the 
Pe, Zn, Cu concentrations of the solutions in the function 
of reflux time lines were fitted to the data points assum
ing constant corrosion rates -, and exponential curves of 
y = A /l-e~' x '/ + B were fitted assuming the passivation 
of the surfaces /Fig.l./. Comparing the correlation coeffi
cients / X 1 / the corrosion rates of Fe and Zn were accepted 
as constant. Under operating conditions regarding the 
greater liquid-solid ratios - in addition to the coolant 



purification systems - corrosion rates seam to ba constant, 
too. Corrosion rata data calculated from the fitted lines 
are summarized in Table 1. 

The examined construction materials of chrome steel 
and brass are corrosion resistant, but the system component 
consisting of brass and chrome steal construction materials 
haa not proved to be resistant to corrosion because of the 
formation of galvanic call: the corrosion rate of Zn was 

p 100 yUg/cm n. /Zn can be only dissolved from brass unit./ 
The corrosion rata of the system component made of chroma 
ateel - according to the theory - does not exceed that of 
the given construction materials.* 

Choslng the system components contacting the primary 
coolant special care must be taken to avoid galvanic cor
rosion. To prognosticate the corrosion behaviour of the 
elements based on the corrosion kinetic curves of the 
construction matoriala is only possible when the presence 
of galvanic calls are excluded. 

A lot of partially contradictory data occur in the 
technical literature concerning the affect of dissolved 
oxygen on corrosion. According to V.V. Geraszlmov at al. 
/I/ the concentration of oxygen in the primary coolant 
of FJflRa should be kept below 20 ppb both in the case of 
pearlitic iron and stainless ateel construction materials. 

The different corrosion rates of the chrome steel 
samples can be ascribed besides the small variations 
of the elemental compositions to the surface rough
ness at the cuts. 

n 

On the conference of the IABA /2/ held in Vienna, Nov. 1982 
opinions varied In this question. To investigate the affect 
of oxygen on the corrosion process oxygen was introduced 
into the solutions. /The concentration of the dissolved 
oxygen varied between 2-5 ppm according to polarographio 
measurements./ The corrosion rates of Fe and Zn decreased 
fast during the examined period in case of each sample 
/Table 2./. 

B. Accelerated corrosion kinetic test 
The corrosion rates of four chrome steel, one carbon 

steel, one brass and one aluminum bronze samples ware de
termined in a piokle-bath containing oxalio acid and nitrio 
acid after a three-hour treatment. 

The corrosion rate in pickle-bath can be some order 
of magnitude higher than in a medium modelling a primary 
coolant. Close connection between the ratea measured in 
different solutions cannot be stated /Table 2./ While the 
corrosion rata of a chrome steel sample became 160 times 
higher using a pickle-bath, that of an austenitic steel 
remained nearly unchanged. The relative corrosion rates 
of the components of an alloy can also change for example 
in the case of brass /brass dissolves well in nitric acid/. 

On the other hand attention must be given to the fact 
that construction materials which are resistant to corro
sion under primary coolant conditions can be badly affected 
by an aggressive decontamination agent. 

According to our measurements the steel which corrodes 
in a boric acid solution, will undergo corrosion of the 
same or higher degree in a decontamination agent. 



M The surface elemental composition of the construction 
materials before and after pickling was determined. Further 
Informations can be obtained from the variation of the 
elemental composition of the samples and the composition 
of the picklebath /Table 3./. 

The elemental composition of the brass sample has 
not changed during pickling. Regarding the composition 
of the pickle-bath, uniform corrosion baa occured. The 
surface elemental composition of the austenitio steel has 
not changed because under given conditions it was resistant 
to corrosion. The surface of the chrome steel samplea has 
become poor in chrome and rich in iron while both iron 
and chrome have dissolved /Chrome steel I., II., III./. 
Iron has dissolved from carbon steel sample and the sur
face elemental composition has changed, too. 

Besides uniform corrosion and selective dissolution 
the different layers formed on tho metal surfaces and the 
corrosion products contacting the surface can cause the 
variation of the elemental compositions. 

Summing up our investigations it can be stated that 
absolute corrosion rate data cannot be obtained from the 
accelerated kinetic measurements, but it can be used to 
determine the relative corrosion resistance of the system 
components and to prognosticate possible corrosion-in
compatibility within a couple of hours. 
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Table 1. 
Investigation of corrosion kinetics in borio acid medium 

Construction Detected 
material element 

Corrosion rate 
from the fitted 

lines 
0 /^ug/cm h/ 

Solid corrosion 
product relative 
to dissolved one 

Standardised 
qualification 

Chrome steel I. Pe 5 22 resistant 
Austenitic steel Fe 
C8X18H10T 

1 ?7 passive 

System component Fe 
made of chroma 
steel 

0,3 30 passive 

System component Fe 
made of chrome Zn 
steel, aluminum Cu 
bronze, brass 

0,6 
100 

72 not re
sistant 

Brass Zn 
Cu 1,5 

0,4 passive 

Table 2. 
Corrosion rate in the function of composition of corrosion 
medium 

Construction Detected 
material element Corrosion rate 

//Ug/om2h/ 
Construction Detected 
material element 

in borio acid 
solution 

in decontamina
tion agent 

Chrome steel I. Fe 
Austenitio steel Fe 
08X18H10T 
Brass Cu 

Zn 

5 
1 

0,4 
1.5 

800 
< 4 

500 
<300 



Construction material Corroalon rata in pickla-bath 
//Ug/c* h/ 

Surface elemental composition Construction material Corroalon rata in pickla-bath 
//Ug/c* h/ before pickling after pickling 

Chroma steel I. Pa 800 
Cr 50 
Cu 50 

Pe 74,2 
Cr 23,0 
Mo 1,4 
Ti 0,16 
m 0,0025 

80 
5 

Corona ataal II. Pe 2200 Pe 76 
Cr 22,9 
Cu nyom 
Mo njom 

80,5 

Chrome staal III. Pa 1200 
Cr 130 9a 76,0 

Cr 23,1 
Uo 0,6 
Ti 0,1 

80 
5 

Auatanitlo ataal 
08X18H 10T 

Pa < 4 Fe 69,3 
Cr 19,6 
Ml 6,0 
Mo 0,3 
Ti 0,05 

69,3 19,6 
6,0 
0,3 
0,05 

Carbon staal Pa 800 Fa 97 
Mn 1,27 
Cu 0,16 
Ti 0,015 
Uo 0,0006 
Sr 0,0003 

88 
1,5 
0,1 

Aluminum bronze Fa 300 Fa 3,3 Cu 75 Mn 0,8 
3,3 75 0,8 

Brass Zn <300 Zn 31,5 Cu 68 31,5 68 

Table 3. Corrosion of constructipn materials in pickle-bath 




