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1.0 

ENABLING OBJECTIVES 

1.1 DEFINE the following terms: 

1.6 

1.7 

1.8 

0 

a. Ionization 
b. Conductivity 
c. Corrosion 
d. 

a. 
b. 

DESCRIBE the 

the two 

DESCRIBE 

a. 
b. 
c. 
d. 
e. 

terms: 

of passivity and 

that contribute to 

the rate of corrosion occurring in 

v 

on the corrosion 

plant is affected 

the 



ENABLING OBJECTIVES Cont.) 

1.9 

1.10 IDENTIFY the action taken for initial fill of a reactor system to limit general corrosion. 

1.11 the 

1.13 DEFINE the following terms: 

a. Crud 
b. 
c. Galvanic corrosion 

1.14 

115 STATE crud bursts. 

1.16 STATE 

1.17 

1.19 STATE the control measures used to minimize galvanic corrosion. 

a. Pitting.._~··'"",....,, 

b. Crevice corrosion 
c. 

1.21 STATE the two conditions necessary for pitting corrosion to occur. 

1 corrosion. 

1.23 STATE the 
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ENABLING OBJECTIVES 

1.25 DEFINE the term chemisorption. 

1.26 the 

1.28 DESCRIBE the two types of stress corrosion cracking that are of major concern to 
nuclear facilities including: 
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a. 
b. 

Conditions occurrence 
Method(s) used to minimize the probability of occurrence 

vii 



CORROSION THEORY 

Uncontrolled corrosion in can cause many serious nrtJm.em.s. 

Corrosion occurs continuously, and every metal in every facility is subject to 
some type of corrosion. Even though corrosion cannot be eliminated, it can be 

EO 1.1 DEFINE the following terms: 

a. Ionization 
b. Conductivity 
c. Corrosion 
d. Electrolysis 
e. General corrosion 

7'-'Jn.JLJU'JL.t an ete~ctr~octtennc~u cell 
corrosion of metals. 

a. Passivity 
b. Polarization 

DESCRIBE the ""t·t"4"""t'" of n•:u~\1::'1ili:'1it-'' 
corrosion process. 

CH-02 



Some of the metallic oxide corrosion products released to the coolant may be deposited 
on surfaces in reactor the core nuclear rP<;)f"'T1•"nc 

in the corrosion products, Subsequently, these 
activated corrosion products may be released from the core and on ...,,...,, .. ~,.,..,.., 
""'r"•r•a the core radiation resulting this material may 
then significantly increase radiation thereby complicating maintenance and access 
capabilities. product in fouling of heat transfer 
.,~.,Ll.A'"''"'" and in the accelerated wear of parts by corrosion products trapped in 
or between them. 

of electrons through a medn:tm. 
will not 

I"'IP,f"t1"'if"11tu is called metallic r>r.1r-trh>r>t"1ar.n 

maLtetJal due to interaction with 
is the cte<;onloc~sttJLon 

"'
1
"'"".-.,.,,"""

1 current. Pure water 
rPI<:lT1 '\!PIU poor conductor 

that dissociate into ions increases the current-carrying capability of the water 

CH-02 2 Rev. 0 



oec:aw;e the corrosive chemical involve tr<:>1nc-r.:.,-

when iron is in contact with water or an 
water solution. 

Iron goes as ions. As 
go into solution, the metal 

the 
electrons left behind) with respect to the 
electrolyte. A potential difference (voltage) 
is produced between the electrolyte and the 
metal. in which electrons are 

up and positive metal are formed 
is called oxidation. The at which the 
oxidation takes place on the of the 
metal become cells 

ANODE ELECTROLYTE 

Electrochemical cells and oxidation potentials are very lnn·nru--t-<:n"lt in understanding most 

Rev.O 

bxamtpi<:~s of electrochemical include made up of 
concentration cells 

rl1++·,,.""nt conditions of concentration). 

3 



TABLEt 
Electromotive - Force Series (77 °F) 

Element 

Sodium 

Magnesium 

Beryllium 

Aluminum 

Manganese 

Zinc 

Chromium 

Iron 

Cac1 
11 r1 

Cobalt 

Nickel 

Tin 

Lead 

Hydrogen 

Copper 

Copper 

Silver 

Platinum 

Gold 

water or an aqueous solution and the 
responsible for corrosion to proceed. 

CH-02 

Electrode Standard Electrode 
Reaction Potential, v 

Na Na+ +e -2.712 

Mg Mg++ + 2e -2.34 

Be Be+++ 2e -1.70 

AI .... AI+++ + 3e -1.67 

Mn Mn++ + 2e -1.05 

Zn zn++ + 2e -0.762 

Cr Ct + 3e -0.71 

Fe Fe + 3e -0.44 

Cd-" Cd. + 2e -0.402 

Co- co· + 2e -0.277 

Ni Ni +2e -2.250 

Sn sn· + 2e -0.136 

Pb Ph +2e -0.126 

H- 2H++ 2e 0.000 (reference) 

Cu cu· + 2e +0.345 

Cu- cu· + e +0.522 

Ag Ag++e +0.800 

Pt Pt++ + 2e +1.2 

Au- Au· + 3e +1.42 

4 Rev. 0 



the 
water 

solution were uniform, iron would go 
solution as ions until the 

difference in potential between the 
positively-charged solution and the 

-··~·· -~,- metal stopped the 
IP'::l'U1fltT the In 

practice, though, impurities and 
imperfections (for example, 
coatings) lead to preferential removal 
of metal from certain parts of the 
surface, and potential differences 

Figure 2 Metal Surface Showing Arrangement of Micro-cells 

e>n't"'"f'r>r•o and solution ri•++o-r·on,~aC' cmmge, cause 

Fe + 2e 

or water to 
sut,secJueJnt o1·occ~sse:s, but the primary 

~0 + e H + HzO 

Rev.O 5 
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Ul.~''"""'HJUCJ within a solution in contact with the metal may also affect the rate 
ho"~"""~"'"'"""" it 

most to an aqueous 
environment the half-reactions involved in corrosion are the reduction reaction of Equation 
and an oxidation half-reaction of the type shown in Equations through 

General corrosion is the process whereby the surface of a metal undergoes a slow, relatively 
n-nil-i"r .. ~· removal This occurs on of a metal than dissmrnJ<:lr 
metals. In a number of are on the metal 

Oxidation occurs at anodic areas and reduction at cathodic areas. The micro-cells are 
uniformly distributed over the metallic and as the the may~""""""'"""'"'' 
or disappear and re-form. That is, any particular micro-region may be alternately anodic and 
cathodic. result is a uniform attack on the metal surface. 

some conditions, relatively anodic or cathodic. Such .... """"""~" 
tendency to migrate and may remain operative for long periods of time. In this case, there 

will be severe attack metal at the anodic result may be a visible pit 
metal C'H~'T<::>r•"" 

Metals 

r'r'\"t"'t"AC'1r'\n on a 
nrr~rlnr>tc are in environment to metal 

or film, is formed, it acts as a barrier separating the metal surface from 

these metals a marked passivity. 

the will 
This stable state is known 

CH-02 6 0 



is at decrease in cell potential caused 
operation of the cell (current flow) is called polarization. 

in 

concentration of in increases and 
to the following overall reaction. 

Zn + Cu .. 2 

e 

Zn +2 + Cu 

CATHODE 

INTO 
THE ANODE. POSITIVE 

COPPER IONS ACCEPT THE ELECTRONS 
THEREBY BECOMING COPPER METAL 
WHICH PLATES OUT ON THE 

A Galvanic Cell 

Rev.O 7 



in the cell are as follows. 

Zn Zn ~2 + 2e 

~0 + e-- H + ~0 

decrease is 
partially due to the increase in zn+2 

the in H30+ 
concentration, but another type 
polarization also occurs in this 

second type is with 

2H 

+ e 

2H 

+ 2e 

half-reaction, the rate 
of Equation (2-6). 

CH-02 

ACID ELECTROLYTE 

H + 

2~0 

effectively 
t~~nn~·r~1'nrt1cther~~•rt1rnn 

oecaus,e, although 



Both and decrease net OXltd.atton-recillCtiOn ra<:>r>hr•n 

rate. In corrosion processes, activation polarization usually has the greater effect 

Summary 

Corrosion Theory Summary 

• Ionization is the process of adding electrons to or removing electrons from atoms 
or which creates ions . 

• 

Corrosion is electrochemical in nature because the "r""' ..... "'"'""" 
The metal 

of oxidation-reduction process is where an atom 
atom) releases and "'""r'"'""'""co 

The areas where oxidation takes 

Zn 

0 CH-02 



• 

CH-02 

in an aqueous environment, is the reduction of hydronium ions. An example of 
the reduction step 

of metal on the CH't'T<:lr't:>< 

metal that acts as a barrier separating the metal surface from the 
v.tu.tn .. .t"..... Passivity or of the 

formation of the layer . 

Rev. 0 



GENERAL CORROSION 

This describes the general corrosion processes of iron and rn,.-nr•M 

steel (not stainless steels) in aqueous environments. Of particular interest 
is the formation of the oxide film and the on the 
corrosion process. 

1.7 

EO 1.8 

1.9 

EO 1.11 

EO 

the two 
corrosion. 

that contribute to 

DESCRIBE how the rate of corrosion occurring in the 
plant is effected by the following: 

a. Temperature 
b. Water velocity 
c. 

pH 

that are 

STATE the four methods used to chemically 
general plant corrosion. 

the 

LIST the six water chemistry conditions that limit 
corrosion of aluminum. 

Conditions Contributing to General Corrosion 

1) metal and water in the same environment, and 

Rev. 0 11 CH-02 



noted the discussion to water at room ten1pe:rature 
and approximately neutral pH. The affects of temperature, oxygen, and pH are discussed later 
in this chapter. 

The oxidation and reduction half-reactions in the corrosion of iron are as follows. 

Fe Fe + 2e (oxidation) 

H + ~0 (reduction) (2-4) 

Fe + 

at 

Fe +
2 + FeO + 

+ + 2H 

i "u"'''''-' ll'VOfO!!c~n then reacts to form molecular h-.rri ... ,.,., .... "" ... 

builds up on FeO 

in direct contact with the 
f"UTTHC'O rn..-,f'>nrY.-. the 

pre~dominately at the oxide-water ·~t-'"'""+'""""" 
diffusion of H+, OH-, and 

CH-02 12 Rev.O 



occurs more 

Factors Affecting General Corrosion Rate 

+ 4H -

0 

.....,.__OXIDE-WATER 
INTERFACE 

.....,....._ FeO 

.....,....._METAL-OXIDE 
INTERFACE 

This linear increase with 
film. 

tO rPnnrnTP. 

Pv·"""''"•nn more metal to corrosion. 

nr.l!<:>r1'7114'n-layer of atomic 
removes the ......... ,.., ... ,? ...... , 

1) 

CH-02 



+ 

The controlling step is believed to be 
diffusion of to the metal surface 
where it can react rl•~·"'"''~' 1 " with iron or 

FeO. 

4Fe0 + 0 2 

it 
removes the polarizing layer of atomic 

and it can react directly with 
metal or the 

value is used to reo~resent the 
a >JV.lU.O..l'VU• 

CH-02 

+ 

OF 
DISSOLVED OXYGEN. CATHODIC OR 
REDUCTION REACTION IS SLOW THEREBY 
REDUCING THE CORROSION RATE. 

CORROSION OF IRON WITH DISSOLVED 
OXYGEN PRESENT IN WATER. RATE OF 
CATHODIC OR REDUCTION REACTION HAS 
INCREASED AS A RESULT OF ..=.!..!..~:..:...: 

NET 
IN CORROSION RATE. 

14 Rev. 0 



First, consider the exposure of iron to aerated 
at 

contain The corrosion 
rate for iron as a function of pH is illustrated 
in 7. In the range of pH 4 to pH 10, 
the corrosion rate of iron is relatively 
independent of the pH of the solution. In this 

range, the corrosion rate is 
by the rate at oxygen reacts 

with absorbed atomic hydrogen, thereby 
depolarizing the surface and allowing the 
reduction reaction to continue. For pH values 
below 4.0, ferrous oxide (FeO) is soluble. 
Thus, the oxide dissolves as it is formed 
rather than depositing on the metal surface to 
form a film. In the absence of the protective 

z 
~ 0. 0 1 f---"-t---t----lf-----..!::--+----1 
0 
0:: 
0:: 
0 
0 

2 

EFFECT OF 
EXPOSED 

4 6 10 14 

ON THE CORROSION OF IRON 
AERATED WATER AT ROOM TEMPERATURE 

Effect of pH on the Corrosion Rate 
of Iron in Water 

oxide film, the surface is in direct contact with the acid solution, and the corrosion reaction 
ftrlFCJ • .-.t-c ..... rate than it at values. It is also "'""''"'.,.,""'n 

values in 
water is presented as Figure 8. 
The curve illustrates that the 
corrosion rate iron in 

water is in 
the pH range of 7 to 12 than it is 
at either lower or higher 
values (at very high pH 
...... "''"'t~· .. than the 
film becomes increasingly more 

in 

200 

I 

100 

50 

0 

\ 

\ 
\ 
~ 

I 

\ I 

! I ---
I 

Effect of 

I I i I 
I 

I 
I I I I 

I I I I 
I 

I 
I 

I I I 
I I I 

I I 
I I 

I 

---~--
i I I L . ./v '- I 

i I I i 

OF 

Relative Attack Rate of Iron in 

/ 

8 and other similar measurements, it general to maintain high temperature 
water in the alkaline condition (but below very high pH values) to minimize the corrosion 
and the steels exposed to the water. 

0 15 



not have any detectable direct 
It 

The condition and composition of the metal surfaces affects the corrosion rate. Deposits, scale, 
uu~;;;l.uc.u surfaces create areas on the metal local corrosion can initiate and at 

a of metals have than "'"''L<'·"· 
as discussed in the Material Science Handbook. 

When iron or steel is exposed to high temperature water, the rate of corrosion of the metal is 
observed to decrease with exposure time during the early period of exposure. After a few 
thousand hours, the corrosion rate becomes relatively constant at a low value. During the early 
period of exposure, while the corrosion rate is the oxide film on the of 
metal grows in thickness. However, the rate at which the film grows decreases with time. The 
thickness of the oxide film soon reaches a relatively constant value, and thereafter film thickness 
does not appreciably with As might 

used to corrosion. The 
for nn':vf'~nnnP" or minimizing the rate. 

Passivators and Inhibitors 

Passivation is the condition where a naturally 
probably due to an oxide or an absorbed 
substances, called or inhibitors, if added to can 
passivation by undergoing reduction at the metal ..., .................... . A common inhibitor is 

The use of cathodic orc>tec;tmn, supplying an external current to the iron so that 
no anodic areas, is another ... u .... ·LH'L,,.,., of preventative chemical 

"""'"·VLAAjJU.LJH\.AJ by the use of an source or the use 
which will corrode the current. 

16 Rev.O 
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Removing Corrosive Agents 

from a a 
method is using deaerators to remove dissolved oxygen and to a 

lesser extent carbon dioxide. the water 
removes the dissolved solids and ..-.orll .. ,..,, .. ,, the conductivity. 

Chemical Addition 

Lnerruc:at "'""'"""''"HJLh-' to a alter the or tie up a 
corrodant is a common method of control. Filming amines (organic compounds that are 
derivatives of ammonia) accomplish protection by forming adhering organic films on 
metal surfaces to prevent contact between corrosive species in the condensate the 
metal surface. Phosphates and sodium hydroxide are used to adjust the pH and 
remove .. u ............. ,., .. _,."'. 

oxygen, and conductivity, greatly .LULJLU.'VJlL'-''-' 

film on aluminum Dissolved 
the same reasons as for 

1rn·n111_.,hJ=>C n·re>C,Pnt in the and 

17 



For those reactor plants in which aluminum is used for cladding and other structural 

UJ.LH!.-'..LHLlL!..H" In the area of the ""'!.ULV-'-!lU.>.f:,j 

an oxide that is a barrier. tests out support of test 
reactors have revealed that minimum aluminum corrosion results with a pH of 5.0 at normal 
operating temperatures. Additionally, studies have shown that the aluminum corrosion 
......... r·v1.,, ...... ., also exhibit a minimum near at 25°C. The aluminum ..... ,.,,...,."'"'" 

to aluminum metal rates. Because it 
aluminum in the reactor coolant at the lowest practicable 

it is desirable to maintain system pH level in the range of minimum solubility. 
9 shows the effect of pH on aluminum oxide solubilities for various forms of oxide, and the 
effect of pH on corrosion rates. It should be noted that the values at which minimum corrosion 
and solubility are found shift to a lower pH as the temperature is increased. For example, at 
300 o C, the value for minimum aluminum corrosion is near Therefore, the optimum 
for operation is determined by the operating temperature. 

The conditions 

• 

Prevention 

• Pretreatment 



0:: 
0 

Vi' 
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~ 
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0.01 

1 

PENETRATION OF ALUMINUM AS A FUNCTION OF" pH 

SOLUBILITIES OF ALUMINUM OXIDES AT 25'C 

9 Effect of pH on Aluminum Corrosion and Oxide Solubility 



Summary 

The 

General Corrosion Summary 

• 

and in the same environment 
Chemical reaction between the metal and water to form an oxide 

• corrosion rate is affected by the following: 

to doubles the corrosion rate 
-n..-r'l>f"t:>.-~h-.ro oxide film is f"f>"t'Yir\IP>T,:> 

tend to for current to 

• and 

CH-02 
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formation of the best possible protective corrosion film. The 
as a barrier and stops further uncontrolled corrosion from taking place. This 
process, called pretreatment or pickling, involves careful control of reactor 
coolant water chemistry and during the 

The 

Passivators (inhibitors) consist of a naturally active metal that corrodes 
at a very low rate. A common passivator is potassium chromate. 

Cathodic is the external application an external electric 
current to the iron so that it acts as a cathode and has no anodic areas. 
This is accomplished by either an external electrical source or the 
use a sacrificial anode to provide the current 

Maintaining acidic with the value of the 
on operating tt:>rnn,:o.r<lhn•t:> 

Elimination of dissolved oxygen 

Elimination of soluble solid impurities 

Prevention of the introduction of organic impurities 

Maintaining water 

21 CH-02 



CRUD AND GALVANIC CORROSION 

A major potential problem is crud. Crud can cause an increase in 
background radiation levels. When two dissimilar metals are in 
vicinity, the opportunity for ion transfer is high. The result is a perfect 
environment for galvanic corrosion. Because of the numerous types of 
materials used in corrosion is a 

EO 1.13 DEFINE the following terms: 

a. Crud 
b. Scale 
c. Galvanic corrosion 

EOL14 IDENTIFY the five problems associated with the presence or 
release crud reactor coolant. 

the causes 

EOL19 STATE the five control measures used to minimize galvanic 

can 
outside the reactor core, causing radiation hot 

Hot of crud occur entrance to 
exchanger and other areas of low flow velocity. Crud that is loosely 

adhered to metal surfaces can suddenly become suspended in the reactor coolant. 

CH-02 22 Rev.O 



crud release can result from an increased oxygen concentration, a reduced (or significantly 
to 

evc)llll:JorJs like a reactor scram or a 
release crud in is a crud burst. Crud often 

lead to the removal of protective corrosion films and make the freshly exposed metal more 
susceptible to additional corrosion. In addition to the corrosion film and crud, some of the 
'-'VJLLVv.<v·u products are and are transported throughout the 

concentrations in the can also complicate disposal of primary coolant. Many 
of the corrosion products have relatively long half-lives and significant biological 
hazards. If, therefore, primary coolant is drained or leaks from the plant shortly after a crud 
burst, additional procedures may need to be utilized to minimize the effects of this condition. 

if the conditions mentioned (02, pH) are changed, solubility 
corrosion products will change, and they can then be transported to and deposited anywhere in 
the reactor coolant system. 

Rev.O CH-02 



10 illustrates that galvanic corrosion occurs when two different metals are in contact and 

FLOW 
THROUGH METAL 

ELECTRON FLOW 

corrosion to occur. If the n·n ..... ~'~n.T ... T><e>r Uiftf'•t-•r..n 

rea1cucm would be 

H + 

copper. 

Prevention of Galvanic Corrosion 

........... ~""·""~"".rt metaL 
LUVULV' ..... is applied in the original 

and is often used in cooling water cu(:fP1rn<: 

CH-02 24 

COPPER 
PIPE 

SOLUTION 
CONTAINING 

COPPER SALT 

COPPER 
PIPE 
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Galvanic corrosion can also be limited by: 1) using only metals that are close on the activity 
"'"'"'C'""''rl in the on Corrosion 

The areas two are also important. A much area of 
the non-active metal, compared to the active metal, will accelerate the attack. It has 
determined that the relative surface area is the determining factor in the corrosion rates. 
The required electrical current for galvanic corrosion will be stopped if the dissimilar metals are: 

• separated by a non-conducting junction, 
• separated from a conductive environment, and 
• located in a poorly conducting electrolyte (pure water). 

Summary 

The important information of this chapter is summarized below. 

~"'"'M""c 1 r.'n is the corrosion that results when two dissimilar with 
different potentials are placed in electrical contact in an electrolyte. 

The problems of crud in reactor plants are: 

Radioactive waste disposal 

Rev. 0 CH-02 



and Corrosion Summary 

• The causes of a cru.d burst in the reactor coolant are: 

Increased oxygen concentration 
Reduced (or significantly changed) pH 

change 
and pumps, 

pumps, reactor scram, or relief valve lift) 

• Galvanic corrosion functions on the principle of the electrochemical cell, and 
occurs when two electrochemically dissimilar metals are joined together in a 
conducting medium. The two dissimilar metals an electrical potential, 
and serves as the for the electrical current 
flow through the corrodant or electrolyte. The metal, called the 
active metal, becomes anodic. The other metal, called noble metal, becomes 

... '"''"""'' ...... "' .. ,,," .. "''"" C'llff':l"""" areas such that the material to 
metal. 

Use 

26 Rev. 0 



SPECIALIZED CORROSION 

The environment in which a metal exists has direct bearing on the corrosion 
rate metal. Because of the unique environment in nuclear 
industry, there are a few specialized types of corrosion that must be considered. 

1.20 

a. 
b. 
c. 

Pitting corrosion 
Crevice corrosion 
Stress corrosion cracking 

EO 1.21 STATE the two conditions necessary for pitting corrosion to 
occur. 

EO 1.22 STATE the particular hazard associated with pitting 
corrosion. 

EO 

conditions ne1c:es:sar·v 
cracking to occur. 

EO 1.27 STATE the three controls used to prevent stress corrosion 

EO 1.28 DESCRIBE the two types of stress that 
are of major concern to nuclear facilities including: 

occurrence 
b. Method(s) used to minimize the probability of occurrence 

Pitting and Crevice Corrosion 

Another possible effect of 
m areas limited 

Rev. 0 
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Pitting corrosion occurs the anodic site becomes fixed in a small area and the formation 

current th..-.n.n rth 

is deficient in oxygen. 

CH-02 28 Rev.O 



In iron that is exposed to water, a similar action can occur if adjacent areas of the metal surface 

in a f'Tf,.CO,>JH'P> t:''lff'ho-:ifl,fl'AC' 

solution inside the crevice will be depleted initially by the corrosion reaction. 

2Fe 2Fe0 (2-12) 

This reaction alone does not produce a film on the metal. Because of restricted flow 
into the oxygen will be very the solution inside the 
crevice will have a low oxygen concentration relative to that outside the crevice as shown in 
Figure 12. The two adjacent areas then establish a concentration cell with electrons flowing 
from the region of low oxygen concentration to the region of high concentration. Thus, metal 
goes into solution (oxidation) inside the crevice, and reduction occurs outside the 
Metal ions diffuse out of the crevice, more metal dissolves, and the process continues. This 
results in the formation of a pit inside the 
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F!..J.Y!.U.HU'.H, or 
Corrosion in the region of higher potential leads to formation 

a film. of the on the nrhr>I"'Ont-

cathodic region will be much less. Oxygen in the bulk of solution can reach the cathodic surface 
(with the thin film) more readily than it can the nearby anodic surface region (with the thicker 

'lrt'7 r>t1IAn of the to this 
oxygen under the 

in maintaining an anodic condition in this The overall is corrosion, or 
away, of the metal in the anodic under the thicker film. Thus, a pit in the metal 
is formed under the mound of oxide, as illustrated in 13. Pitting of this type is 
common in both temperature high temperature iron-water if precautions are 
not taken to remove the oxygen from the water within the system. 

13 Pit in Metal Surface Promoted 

not 
passivating oxide layer on the metal surface. 
surrounded by areas that tend to 

HYDRATED IRON OXIDE 

cathodic area. The current rla~-..-..t·n 
attack on the metal will be 

been observed within a few hours. 
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corrosion are a major hazard to a nuclear facility because of the rapid 
metal and 

the 

• A voiding stagnant or low flow conditions. 

• Using metals and alloys that are less susceptible to the corrosion . 

• 

• Designing the system and components such that no crevices are present. 

Stress Corrosion Cracking 

Stress corrosion cracking (SCC) is a type of intergranular attack corrosion that occurs at the 
grain boundaries under tensile stress. Grain boundaries are discussed in detail in Material 

corrosion can be es~;enttall 
immune to this type of attack. 

metal atoms on the surface as a monomolecular substance, such as 
OH-, Br-, and some other ions. The formation of this chemisorbed layer greatly reduces the 
attraction neighboring metal atoms. A defect initially present then grows as the metal 
atoms under stress, more chemisorption occurs, and the continues. In 
severe cases, the time for this to occur is minutes. 

are susceptible to stress "'"'' ..... ""'"'" ,.,,.~,..."·11,.,. 
18 percent chromium and 8 percent nickel are susceptible to cracking in environments 
contatmng in concentrated caustic (that 
where the hydroxyl ion concentration is high). On the other hand, these types of stainless steels 
do not exhibit any to to water .Pn'l!11t"•C'\ru,...,a.·ntc t"'£Vnt<:>n11!11fT 

nitrate +)ions. 

SCC is of concern because it can readily crack metal of appreciable If the 
environment severe can occur in a very short of time. The crack can 
then lead to a failure of the component, or the system, and all the attendant results (for 
example, contamination, loss of coolant, and loss of pressure). 
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are proper design, reducing stress, removing 

"'''"'r~,,n,.... stagn:mt areas and crevices in 
become concentrated. Low alloy steels are less susceptible than high alloy steels, but they are 
subject to in water containing chloride ions. based are not ~ .... ...,""'''""''"' 
chloride or hydroxide ions. 

Two 

CH-02 

of sec are of concern to a nuclear facility. 

Chloride Stress Corrosion Cracking (Stainless Steels) 

The three conditions that must be present for chloride stress corrosion to occur are as 
follows. 

• Chloride ions are present in the environment 

• environment 
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Figure 14 illustrates intergranular stress corrosion vJ. t.LvJ.'\;.LH};:.,• 

up 
corrosion is a particularly 01 n·ru1hr>•:>nt nrr-..ni,Pm 

because of the wide use of austenitic stainless steel, and the inherent presence of high 
stresses associated with pressurization. Chloride stress corrosion have 

been known to propagate in austenitic stainless steel at stresses of about one-fifth yield 
strength with chloride concentrations of less than 50 ppm. Yield strength is discussed 
in detail in the Science Handbook. 

METAL 
SURFACE 

CRACK 
AREAS LOW IN 
PROTECTIVE Cr 
NEAR GRAIN 
BOUNDARIES 

Rev.O 

Tests show that the stainless steels are susceptible to chloride stress attack when 
both the chloride and oxygen are certain 
values. The region susceptibility for austenitic stainless steel is illustrated in Figure 
15. Note that when dissolved oxygen is present at about l ppm, chloride stress 

initiated at chloride ion near 1 ppm. 
cot1centr:1ttcm of dissolved is very low, to chloride 

corrosion cracking is reduced . 

.,.,....,.,.,."', .. "' to 

not occur, given sufficient time and severe conditions. The curve in Figure 15 is valid for 
tPnrtnP•r'lf·nr?~c- in the to 
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mechanism is similar to that of stress corrosion. 
steels (steels with low carbon and low alloy content) and stainless steels will crack if they 
are to caustic metal under a 
tensile stress. In stress that is induced by a caustic the presence 
of dissolved oxygen is not necessary for cracking to occur. 

'-'"U.., .. J • .,_ stress was first in 
boilers. These boilers were found to fail on occasion along 
<:>tt.-.. huta.rl to at stressed'"""'"""'"'"'''"' 
rivets. 

this continuing process was 
concentration stress and high 

the boiler 
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Where the rate of steam generation (boiling) is high, it is more difficult to eliminate the 

concentrate in 
of caustic by such a mechanism to induce stress cracking is considered unlikely. 

Available data indicates that caustic concentrations greater than 10,000 ppm, 
probably up to 50,000 ppm, are required to induce caustic stress cracking ( 40,000 ppm 

is to 40 grams per or 1 mole per The such a ..,,.,...~u--a• 
is on the order 14. An is and controlled 
solution having some properties of a buffer, that one that tends to retard or slow a 
reaction or tends to it in one direction or the other. 



Summary 

Specialized Corrosion Summary 

• Pitting corrosion occurs where the anodic site oe(~on1es fixed in a small area and 
the formation of holes in an otherwise area place. 

• Crevice corrosion is a type of pitting corrosion that occurs specifically within 
the low flow region of a crevice. 

• 

CH-02 

Stress corrosion cracking (SCC) is a type of intergranular attack ""'-'"'""'"'""JU that 
occurs at the grain boundaries tensile stress . 

Designing the 

the 

in the medium that cause pitting 

""''-'L'""""'""•v .... _, are met; the alloy 
alloy is exposed to specific 

is in a " .... ., . .,..""''rf condition. 



Contamination 
Loss of coolant 
Loss of pressure 

• sec is prevented in reactor system by: 

design 

Reducing stress levels 

'hlr ... rtr,.,. stress l"'r'\1r"T"r'\C'1n.n 

oxygen content 

• Caustic stress corrosion 

0 
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