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Introduction

The higher amount of material wastage on tubes in conventional steam

generators* preheaters and condensers* as well as on turbine housings and

connection lines made of non-alloyed and low-alloy steels* is attributed to

a substantial extent to erosion corrosion processes in the plant parts

through which flow passes [11. These processes cause material wastage and

sometimes even leaks, but the removal of material also leads to contami-

nation of the water-steam system.

The corrosion products introduced into the system form deposits that can

trigger serious damage in the components, particularly in the steam genera-

tors. In once-through boilers, heat-blocking deposits are formed on the

heating tubes primarily in the transition zone from the aqueous to the

vapor phase. These coatings result first of all in an increased rise in

the pressure loss, and secondly they can lead to excess temperatures and,

as a consequence, to tube failure. It may be necessary to subject the

steam generator to chemical cleaning at certain intervals in order to avoid

these phenomena.

In the case of steam generators in nuclear power plants with pressurized

water reactors, the corrosion products introduced into the system cause

deposits above the tubesheet and on the heating surfaces. Within the

deposits on the tubesheet there can be salt concentrations due to local

evaporation processes, and these concentrations lead to damage to the tube

material. Deposits on the heating surfaces reduce primarily heat transfer

and over the long term the power plant output. In boiling water reactors

the corrosion products are deposited primarily on the fuel assemblies and

can cause fuel failure.

If the conditions are known under which erosion corrosion occurs, the

corrosion product input into the steam generator can be substantially

reduced.

Erosion corrosion is affected by mechanical and chemical components—as a

function of medium composition, medium state and material—, whereby the
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one or other side can predominate. In the German and English literature

different expressions are often used for the same or similar damage

mechanisms* depending on whether the emphasis is being placed on the basic

process* the medium state» or the flow geometry. The process definitions

upon which the various terms are based are only partially adequate for the

erosion processes that occur in power plants. This is especially true for

the concept of erosion corrosion. It should be considered an overall

heading that can describe a large part of the damage occurring in power

plants. Therefore in order to understand these problems better* the nature

of erosion corrosion should first be analyzed in greater detail.

The term "erosion corrosion" is defined as follows in accordance with DIN

50 900, Part 1, from June 1975:

Erosion corrosion is the interaction of mechanical surface

removal (erosion) and corrosion, whereby corrosion is triggered

by destruction of protective coatings as the consequence of

erosion.

In this definition we have two different processes working together; they

can also be defined individually.

In the same standard we read:

Corrosion is the reaction of a metallic material with its

environment, a reaction that causes a measurable change in the

material and can lead to corrosion damage.

Given the note that material changes caused solely by mechanical effects

are not the subject of this standard* the definition for erosion is no

longer required. In the standard that applies to that concept* DIN 50 900

from November I960* we read:

Erosion is the destruction of materials by mechanical action

initiated from the surface; above all by flowing gases or vapors
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containing solid particles or by flowing vapors and gases

containing liquids.

According to this definition, erosion is mechanical damage to the material

itself. The dynamic effect excercised in erosion must be sufficient to

overcome the cohesion forces of the material. Described in this definition

is abrasion/ i.e.. a micro-process of chip or material removal by sol id

particles or drop impact. In contrast to this* the definition of erosion

corrosion contains the proviso that the erosive attack is directed against

the protective coating and not against the material itself, which later—

after destruction of the protective coating—is subject to the corrosive

attack of the environment.

For the purpose of a better understanding of erosion corrosion, the physi-

cal and chemical principles described in the literature will be summarized

briefly in the following. Then results obtained at KWU in the BENSON test

section C2] in tests on test specimens in single-phase flow of fully

demineralized water will be presented. The experimental studies provide

information about the most important influencing parameters. These include

flow rate, fluid temperature and water quality (pH value and oxygen

content). In addition, the resistance of various materials is compared,

and the resistance of magnetite coatings to erosion corrosion is investi-

gated. Furthermore, tests are presented that will show the extent to which

erosion corrosion in power plants can be influenced by chemical measures.

Physical Principles

Material wastage on power plant components can have different causes. It

can be due to the mechanical effects of a flowing fluid (erosion, cavi-

tation) or due to<chemical or electrochemical attack (corrosion). Erosion

by solid particles in the flow medium, i.e., cavitation, will be

disregarded in the following. The observations below relate solely to

erosion corrosion by flowing liquids or by flowing wet steam.
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If the flowing medium is an electrolyte* erosion alone cannot take place.

It is always accompanied by corrosion, according to H. E. Homig [3]. Even

if the water drops contained in flowing wet steam under unfavorable geome-

tric conditions hit a metal surface at right angles* a corrosion process is

still always superimposed on this process of mechanical attack/ but the

influencing conditions are shifted in the direction of erosion. Because of

its special flow conditions* so-called drop impact erosion is a special

process within erosion corrosion in which the erosion effect due to the

impact of drops on the metal surface predominates over a simultaneous

removal of material by corrosion. Drop impact erosion causes roughness and

fissuring on the attacked surface* which generally appears to be

metallically bright. The saw-tooth pattern on the material surface caused

by drop impact erosion is clearly visible in the photograph in Figure 1.

iMM.S

7000 X

Figure 1. Surface structure due to drop impact erosion.
Material St 12.03, pH = 7* 100 m/s, residence time 60 h, impact
angle 45C» x-content = 0.9.

Erosion corrosion is present when erosion and corrosion interact. It is

caused by the fact that first of all oxidic coatings are removed* so that

virtually bright (tarnish-free) iron or steel surfaces are formed. These
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react directly with the water in spontaneous corrosion. In the process

iron goes into solution in the pure water in the form of Fe ions with the

formation of Fe(II) hydroxide. The corrosion process that takes place on

the interface between metal and liquid corrodent continues until a steady

state has been established, which is determined by the diffusion-controlled

corrosion. The latter is only affected by the physical and chemical condi-

tions in the liquid layer adjacent to the wall.

If in static flow the diffusion-controlled corrosion has changed to a

steady state* i.e., if a saturation of the boundary layer with Fe(II)

hydroxide has taken place, corrosion practically stops. With an increasing

flow rate this saturation process in the liquid layer adjacent to the wall

is made more difficult, since as the result of mass exchange between the

boundary layer and the core of the flow (turbulence), complete saturation

with Fe(II) hydroxide is not possible. Thus in resting liquids the

reaction inhibition that is established does not occur. In rapidly flowing

water erosion corrosion takes place by a purely chemical method, so that

any influence from the hardness of the material and the surface quality of

the metal walls is largely eliminated. In addition to quantities that

affect the corrosion process, the flow rate and the fluid temperature

parameters are determining factors for the amount of this material wastage,

since they influence the degree of turbulence and the mass exchange by

convection. Erosion corrosion therefore is based on chemical dissolution

and thermohydraulic transport processes.

Erosion corrosion, after washing away iron(II) hydroxide coatings, brings

about deposits that usually begin with one point of attack and frequently

exhibit fan-shaped or horseshoe-shaped patterns [43. The ablated surface

is also always smooth in this case, sometimes metallic and sometimes

covered only by a thin corrosion product film. Figure 2 shows an example

of this.
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1500 X

Figure 2. Surface structure due to erosion corrosion.
Material St 37.2, pH = 7.20 m/s* residence time in water ZOO h.

Chemical Principles

The iron ions formed during erosion corrosion that passes over into the

water lead to different reaction products in oxygen-free and oxygen-

containing water C3].

Erosion Corrosion in Oxygen-Free Water

The process of erosion corrosion under salt- and oxygen-free water

conditions can be represented after Homig [3] in a diagram for the steady

state of the iron-water system (Figure 3). Here the difference 1n

electrical potential between the local elements (anode and cathode on the

iron surface) is plotted as the driving force for the iron dissolution as a

function of the pH and the Fe concentration.

Iron is thermodynamically unstable in pure water. With contact between

iron and water, Fe+ ions go into solution while forming iron(II)
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figure. 3. Diagram for the steady state of the iron-water system after [3].

hydroxide, whereby H + ions are discharged at the same time. The starting

point is given in the diagram (Figure 3) by point (1) on the horizontal

Tine for the potential of the iron anode at n) F e 2 + = 10~
8 mol/kg and pH = 7.

Fe = Fe2

2HjO = 2H

2 H+ + 2 e ' - H2

H 3O- Fe(OH)2-iH,

The production of iron(II) hydroxide increases not only the Fe 2 + ion

concentration but also the pH value, until a saturation concentration Is

reached for the iron(II) hydroxide. At the same time the original

potential difference compared with the hydrogen electrode—designated by

arrow "a"—is considerably reduced, which is highly desired from the

standpoint of corrosion protection. Thus the maximum reached is working

point (2) plotted on the broken line at m F e 2 + ~ 10~
5 mol/kg. The slanted

line, which describes the potential of the hydrogen cathode, cannot be

reached due to the solubility product of Fe(0H)2.



ANL-TRANS-87-7

The further formation of iron(II) hydroxide in the solution leads to the

saturation state of the same, so that additional electron processes are

suppressed. In the steady state corrosion thus comes to a stop.

The iron(II) hydroxide that is formed as a primary product can be converted

to magnetite (Schikorr reaction):

3 Fe (OH]: - Fe3O. + 2 H* + 2 e" + 2 HjO

2H* + 2 e ' - H,

3 FelOHJj - FejO, + H, + HjO

This reaction is a function of temperature. Above about 200°C the magne-

tite formation rate is so great that protection against erosion corrosion

is achieved.

Erosion Corrosion in Oxygen-Containing Water

A comprehensive description of the effect of oxygen on the iron-water

system was given by G. Bohnsack [5]. According to his investigations, the

¥e ions formed initially are oxidized by oxygen. The anodic metal disso-

lution begins with the chemisorption of OH ions and their transfer to Fe-OH

bonds. Given the high rate of the oxidation reaction, the oxygen present

in the interface is quickly consumed. Further replenishment of oxygen

takes place by means of diffusion processes. In order for magnetite to be

formed, the oxidation reaction must be controlled such that an excess of

iron(II) hydroxide, which is necessary for magnetite formation, is re-

tained. Control lies in the maintainance of a certain ratio between the

concentrations of iron(II) hydroxide and oxygen. Since the concentration

of the primary corrosion product is given by the corrosion rate, the oxida-

tion reaction can only be influenced by way of the oxygen concentration.

There must be a sufficient oxygen supply, and by means of diffusion to the

phase boundary it can react with the iron(II) and iron(III) ions present

there. Since the concentration of iron(III) hydroxide in the pH range in

question is limited to < 10 mol/kg, the redox potential is determined

practically exclusively by the equilibrium between iron(II) hydroxide and

oxygen. Thus with a sufficient excess of 1ron(II) hydroxide the magnetite
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formation reaction takes place according to the following equation:

2 Fe(0K)3 + Fe(0H)2 — > Fe304 + 4 H20

If the water-steam system of a power pilant is conditioned by the addition

of oxidation agents* then at first other oxidation products of iron are

formed that later are converted to magnetite by means of aging processes.

With progressive coating growth due to magnetite formation, an oxygen

surplus is formed. Thus the preconditions for magnetite formation are

eliminated* and the ions of the divalent iron that diffuse to the magnetite

surface are oxidized as a function of temperature to form y - FeOOH, a -

FEOOH or a - Fe20g. The magnetite coating is then covered by a growing

layer of oxides and hydrated oxides of trivalent iron. The pores present

in the magnetite are stopped up by them, and with a sufficiently high redox

potential topochemical oxidation takes place to form y - Fefl^.

Conclusions

Essential for the course of erosion corrosion is the behavior of coatings

on the metal surface [63, i.e., whether they are removed during the incuba-

tion period. Erosion corrosion only occurs if there is no passivity (e.g.

due to chromium fractions in the steel), but rather a protective coating

for the stability of the metal must be formed. If the growth rate of a

protective coating is smaller than the rate of transport away from the

surface by the flowing medium, then the result is the development of ero-

sion corrosion. If the amount of substance—mol Fe(0H>2—that is formed on

the metal surface per time and area unit is designated by ne and the amount

of substance—mol FeCOH^—that is washed away per time unit by flowing

water is designated as n, then the decisive condition for the removal of

material by erosion corrosion is as follows [3]:

ne < n

The magnitude of n is a function of the mechanical-hydraulic parameters and

the geometric conditions. The magnitude of ne, on the other hand, is a
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function of the type of corrodent in conjunction with the material proper-

ties of the metal surface, since they determine the formation of metal

ions. Taking into account the above cited principles for erosion corrosion

processes and on the basis of the discussion carried out to date in this

area in the VGB Technical Committee on Water Chemistry in Thermal Power

Plants, we can formulate the following definition:

Erosion corrosion is a flow-influenced, material-destroying pro-

cess. It can affect metallic materials whose corrosion resist-

ance is based on the formation of oxidic protective or cover

coatings. Erosjve destruction of the oxidic coatings by the

turbulent flow of water or wet steam is followed by dissolving

corrosion on the unprotected metal.

The cause of erosion corrosion is the elimination of the satura-

tion process of oxide-coating-forming corrosion product in the

liquid layer adjacent to the wall as the result of rapid material

exchange between the boundary layer on the metal and the core of

the flow; the protective coating formation rate is lower than the

dissolution rate (erosive removal of material) by the flowing

medium.

Experimental Procedure and Test Results

A BENSON test section, already described earlier in this journal, was used

to carry out the tests [2]. On the basis of observations that erosion

corrosion only takes place in the liquid phase, the basic experiments were

carried out in single-phase flow with completely deionized water. The test

results obtained are also valid for the conditions of two-phase flow

(water-water vapor), however, if one can assume that a cohesive liquid film

is present on the wall surface (annular flow) and the water velocity in the

film acjacent to the wall is used as the determining flow velocity for the

erosion process.

10
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Longitudinally flow-impacted plates having a specimen surface of 34 cm2

each were used to determine the removal of material. In each test several

plates were clamped in parallel in a tube. The test duration was generally

200 hours. The removal of material was determined by means of gravimetric

measurements of specimens before and after the test. In the experiments

the effects of material selection* fluid temperature, flow rate and the

chemical conditions of the water were investigated.

We will dispense with an exhaustive description of the tests carried out

and their results. The intention is to describe these in detail in a later

publication. At that time conditions for the development of erosion corro-

sion on test bodies with other geometries will also be examined. In the

tests different materials used in turbine, nuclear power plant and conven-

tional steam generator engineering were tested with different water quali-

ties (Figure 4). The lower bar plotted for the respective material shows

the specific release rate at a pH of 7 and an oxygen content < 5 jjg/kg.

The middle bar gives the material removal rate at pH values of 9.5 and an

oxygen concentration of < 5 fjg/kg. The upper bar shows the material remo-

val rate at a pH of 7 and an oxygen concentration of 500 pg/kg.

From the bar lengths one can see that the specific material removal rate is

greatest with neutral water and the absence, for all practical purposes, of

oxygen. As indicated by the middle bar, the pH value of the water exer-

cises a considerable effect on the specific material removal rate. With pH

values of about 9.5 a removal of material is hardly measurable. The same

is true for pH values of about 7 if the water contains sufficient quanti-

ties of oxygen.

According to these preliminary tests, by which a preliminary selection of

other materials to be investigated was to be made, the following materials

most widely used in power plant construction were selected for further

experimentation: St 37.2, 15 Mo 3, 15 NiCuMoNb 5, 13 CrMo 4 4 and 10 CrMo

9 10.

11
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Figure 4. Removal of material by erosion corrosion on different materials.

p = 40 bar, T? = 180°C, v = 20 m/s.

As shown by the preliminary testsi the maximum removal b,f material takes

place in each case in neutral water in the absence of oxygen. For the

purpose of investigating the temperature effect on removal of material* pH

7 and an oxygen content of < 40 fjg/kg were therefore selected. One can see

from Figure 5 that the removal of material at low temperatures of about

60°C is still rather slight for all materials. The maximum removal of

material is between 150 and 180°C. With continued increasing temperature

the removal of material decreases again for all materials. This can be

explained by the fact that coating formation changes with increasing tempe-

rature from the intermediate stage of the primarily formed Fe(0H>2 to

direct Fe3O4 formation.

The curve is similar for all materials investigated; considerable differ-

ences between the individual materials can only be detected in the magni-

tude of the maximum amount of material wastage.

12
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The effect of the flow Irate was investigated at a temperature of 180°C, a

pH of 7, and an oxygen content < 5 pg/kg. Under these conditions we can

expect the maximum of th=s specific material removal rate for the individual

materials (Figure 6). The effect of the flow rate was investigated in a

velocity range of between 5 and approximately 40 m/s. The results must not

be extrapolated to the state of rest at flow rate equal to zero, since in

the range of very low velocities the reaction mechanisms for buildup of

protection coatings and removal of material by erosion corrosion can have a

different effect than with high velocities.

3000

1OOO

15 Mo 3
15 NiCuMoNb 5

U) E

SO 100 150

temperature
200 250 °C 300

Figure 5. Effect of water temperature on the removal of material by
erosion corrosion,
p = 40 bar, v = 35 m/s, pH = 7, 02 < 40 JJg/kg, Kdi-rect < 1 pS/cm

13
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10 20

flow rate
40 m/5 50

Figure 6. Effect of flow rate on the removal of material by erosion
corrosion
p = 40 bar, $ = 180°C, pH = 7, 0 2 < 5 fjg/kg, K d 1 r e c t = 1 (jS/cm

For the alkaline, low-oxygen conditioning mode (pH about 9 with ammonia,

oxygen content < 5 ug/kg), as has been used to date primarily in the

secondary system of pressurized water reactors, a tendency similar to that

observed with neutral water can be found with respect to the effect of the

flow rate on the material removal rate. The absolute amount of the speci-

fic material removal rates for the various materials, however, are much

smaller, since the pH value has a strong influence on the removal rate

(Figure 7).

We investigated the effect of pH on the removal of material for the

materials 15 Mo 3 and 13 CrMo 4 4. Figure 8 also shows the results

obtained by G. Resch [83 for the material St 35.8. The values determined

by us and by Resch are not directly comparable, however, since Resch's

tests were only carried out at flow rates of 1.6 m/s. As shown by these

curves, considerable material removal rates still occur at high flow rates

14
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Figure 7. Effect of flow rate on the removal of material by erosion
corrosion.
p = 40 bar, i5-= 220°C, pH = 9 with NH3, 0 2 < 5 fjg/kg
kdirect < 4 S/cm

even at pH values of about 9.3. Only at lower flos rates is a considerable

drop in the material removal rate to be detected in this pH range. With

high flow rates a considerable drop in the material removal rate is not

detectable until a pH value > 9.5 is reached. This phenomenon is easily

understandable if we assume that the formation of iron(II) hydroxide

decreases with increasing alkalinity* i.e., with an increasing pH value

[9]. After saturation has been reached, the formation of a coating that

prevents surface removal by erosion corrosion is possible.

Figure 9 shows the effect of the oxygen content on the removal of material.

On it are plotted not only the results obtained by the authors* but also

the test values obtained by Resch for the material St 35.8 at a flow rate

of 1.6 m/s C83.

One can see from the curves that at an oxygen content less than 100 fjg/kg

there is still a considerable remobal of material. Not until an oxygen

content > 150 (ug/kg is reached does an almost constant specific surface

removal rate occur for the various materials.

15
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_8. Effect of pH on the removal of material by erosion corrosion.
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Figure 9. Effect of the oxygen content on the removal of material by
erosion corrosion.

16
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Other Investigations dealt with the resistance of protective magnetite

coatings to erosion corrosion. The materials St 37.2, 15 Mo 3, 15 NiCu

MoNb 5 and 13 CrMo 4 4 were tested. In these tests a protective magnetite

coating was deposited on material specimens by treating them with hot water

or superheated steam over a period of 75 hours. Whereas a tightly adhering

magnetite coating was formed during coating operation with superheated

steam, no solid coating was achieved in corresponding operation in water.

The results of these tests are shown in Figure 10. As we can see from the

graphic presentation, the material removal that took place for the various

materials that tends to confirm the results of earlier erosion corrosion

tests. The amount of material wastage is much lower on the specimens pre-

treated with hot steam than on untreated specimens. Coatings deposited in

the aqueous phase, on the other hand, do not offer any noticeable Improve-

ment 1n behavior with respect to erosion corrosion.

Conclusion for Power Plant Practice

The tests performed and the measured data obtained are intended to provide

information and ideas for power plant engineering, so that the problem of

erosion corrosion can also be controlled on an Industrial scale. However,

one must guard against applying the above test results directly to power

plant engineering. One should keep in mind that the tests were only car-

ried out over a period of about 200 hours under Ideal conditions. In

addition, we must consider that the tests took place 1n single-phase flow,

whereas in wet-steam-bearing systems there are constantly changing physical

conditions. However, the results obtained 1n the tests Indicate possibili-

ties for largely preventing erosion corrosion. In general erosion corro-

sion can be reduced by reducing the flow rate—by enlarging the cross

sections and other design changes, for example avoiding sharp edges,

deflections, obstructing surfaces, and unground weld roots. Wherever de-

sign measures cannot bring about a drop in velocity, erosion corrosion can

be prevented in each case by the selection of suitable materials. This was

already pointed out by H. Keller [7], G. Resch [13], J.H. Schroeder Cl] and

H. Cramer [15]. In most cases the use of 2.5 % chromium steel offers

17
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Figure 10. Resistance of magnetite coatings to erosion corrosion,

p = 40 bar, •&= 180°C, v = 20 m/s, pH = 7, 0 2 < 5 ug/kg

sufficient safety. For example, extensive operating experience has shown

that 10 CrMo 9 10, for example, has sufficient resistance to erosion

corrosion. Spray coatings of Metcoloy have also been successful [1, 15].

As we can see from the test results, water quality has en important effect

on erosion corrosion. Erosion corrosion on non-alloyed steels can also be

prevented by means of alkalization to a pH > 9.5 or an oxygen content > 150

ug/kg in demineral ized water. For the establishment of pH in the feedwater

and condensate area, volatile alkalization agents are used exclusively [all

volatile treatment (AVT)]. In systems carrying wet steam and in areas of

incipient condensation, the alkalization agent's coefficient of distribu-

tion between steam and water is of decisive significance. G. Donath et al.

[16] have reported on extensive tests to determine the distribution coeffi-

cients of volatile alkalization agents.

The pH values of the volatile alkalization agents are shown in Figure 11 as

a function of concentration. One can see that the maximum alkalization

effect can be achieved by using ammonia . The distribution coefficients

for ammonia that have been measured or calculated to date by various

18
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authors are shown in Figure 12 [17]. One can see clearly the great tempe-

rature dependence of the distribution coefficient, particularly in the

temperature range below 100°C. Our own measurements and calculations for

the temperature ranges from 60 to 130°C and from 150 to 320°C are shown by

Figures 13 and 14. On the basis of the attainable pH values and the

distribution coefficients, high concentrations of up to 10 mg/kg must

therefore be used in alkalization with ammonia, so that adequate pH values

can also be achieved during condensation. However, as a result of the

copper corrosion that occurs at these high ammonia concentrations in brass-

tube condensers, this alkalization is only possible in condensers with

tubing made of non-copper materials.

The pH values that result in the secondary system of a pressurized water

reactor at the individual extraction stages of the turbine, given an ammo-

nia concentration of 10 mg/kg in the main steam, are shown in Figure 15.

This figure is based on a non-copper condenser. The pH values plotted

above the bar give the values in the water phase, and those beneath the bar

the values in the vapor phase. One can see from the diagram that the pH in

the high-pressure system is > 9.5 at all points. Even in the final

m
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/

o l i

/
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/

/
lydr

t

1ammoni a

8.5 9 9.S 10

Figure 11. pH as a function of the concentration of various alkalization
agents at 25°

19
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Figure 13. Distribution coefficient of ammonia as a function of
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low-pressure extraction outlet upstream from the feedwater tank, pH values

in the water phase of 9.5 are still obtained. Only in the lowermost

extraction stages can a reduction in the pH in the water phase be detected.

As condensation begins in low-pressure feedwater heaters* however, there is

a rapid pH increase in these as well.

Parallel with the reduction in erosion corrosion due to high pH values,

there is at the.same time a considerable drop in the corrosion product

concentration in the entire water-steam system. It is estimated that by

these measures the corrosion product input into the steam generators can be

reduced to values of < 5 fjg/kg.

The distribution coefficient of hydrazine is much better than that of

ammonia, as shown by Figure 16. In the lower temperature range it is

between 0.0T and 0.05. That means that with condensation processes in this

temperature.;range there is a 20- to 100-fold concentration of hydrazine

locally. However, in order to attain a desired pH value of 9.5, one needs

concentrations of about 50 mg/kg N2H4, which are not feasible in practice.

Since hydrazine in the steam generator is subject to extensive thermal

decomposition, only a small part of the added hydrazine goes over into the

main steam and is removed from the system primarily by the moisture separa-

tor. By spraying in hydrazine downstream from the reheater, however, one

can obtain a reducing atmosphere in the condensation areas, which can only

cut down on the formation of corrosion products.

water
steam = K

0.05

O.O4

0.03

0.02

0.01

0
concentration 3«

• i i >

mg//

40 SO 60 70 80 90 100 110 "C 130

temperature——

Figure 16. Distribution coefficient of hydrazine as a function of
temperature.
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Another possibility for avoiding erosion corrosion involves conditioning

the feedwater with oxidation agents in the form of oxygen or hydrogen

peroxide [11]. Here, too» the decisive factor is that during condensation

the oxygen enters the water film that is formed first. Since oxygen re-

mains almost exclusively in the steam in the boiling state, only traces of

oxygen can go over into the water film. By spraying oxyyen-saturated

deionate into the steam, the necessary oxygen can possibly be transported

to the condensation points, if we assume that the establishment of ar

equilibrium for the oxygen distribution coefficient is delayed. Oxygen

conditioning of the water-steam system, however, is only possible in con-

ventional power plants containing ferritic materials [10].

Another possibility for feedwater conditioning in conventional power plants

involves the so-called combined conditioning mode. In this mode the feed-

water is treated with ammonia to obtain pH values from 8 to 8.5, and an

oxygen content between 150 and 300 (ug/kg is proposed [12]. Findings to

date indicate that erosion corrosion in the water-steam system of unit

plants with once-through boilers can largely be prevented using this

method.

Well formed coatings can also offer sufficient protection against erosion

corrosion. The prerequisite, however, is that they must be as homogeneous

as possible, mechanically stable, largely pore-free and tightly adherent.

Such coatings, however, can only be achieved by means of superheated steam

treatment at as high a pressure as possible and a high temperature [14].

The action time of the superheated steam must not be made too short.

Erosion corrosion can only be prevented of course if the erosive attack i=

limited. In the case of chromium steels a thin passive film is formed,

which protects the material from attack by erosion corrosion.

Summary

Systematic measurements of the removal of material by erosion corrosion

were carried out on plates in single-phase water flow in the BENSON test

section at KWU. The effects of material, flow rate, fluid temperature and
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water chemistry were investigated in particular. In addition, the protec-

tive effect of magnetite coatings was examined.

Tests on tubes and bends were also carried out in order to confirm the

geometric effect known from the literature. A report on this- research will

be offered in a later publication, together with the overall description of

the erosion corrosion tests. Information on the consequences of period of

operation, electrical conductivity, and inlet and outlet effects as well as

on surface roughness will be presented.

In the present paper the test results were used to discuss possibilities

for applying the measured data to power plant engineering. In particular,

suggestions were given for how erosion corrosion can be largely controlled

by chemical measures.
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