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A VIEW FROM THE PENTHOUSE: USEFUL INFORMATION FOR THE WORLD OF BOILERS 

OXYGEN PITTING 

P i t t i n g  i s  a l o c a l i z e d  a t t a c k  i n  which  
t h e  ra te  of  c o r r o s i o n  i s  g r e a t e r  i n  some 
areas t h a n  i n  o t h e r s .  The p i t s  may b e  e i t h e r  
l a r g e  and  s h a l l o w  o r  small and  d e e p .  The 
d e p t h  o f  t h e  p i t t i n g  i s  somet imes  r e f e r r e d  t o  
as  t h e  p i t t i n g  f a c t o r ,  t h e  r a t i o  of  t h e  
d e e p e s t  metal p e n e t r a t i o n  t o  t h e  a v e r a g e  
metal l o s s .  The most  common p i t t i n g  c o r r o -  
s i o n  is  r e l a t e d  t o  e x c e s s i v e  oxygen l e v e l s  i n  
t h e  b o i l e r  f e e d  water d u r i n g  o p e r a t i o n  o r  a i r  
l e a k a g e  d u r i n g  shutdown p e r i o d s .  

The b a s i c  p r i n c i p l e s  o f  c o r r o s i o n  c a n  
b e  used  t o  e x p l a i n  t h i s  t y p e  o f  oxygen a t t a c k .  
C o r r o s i o n  i s  a n  e l e c t r o c h e m i c a l  p r o c e s s .  
Dur ing  c o r r o s i o n ,  t h e r e  i s  a f l o w  o f  e l e c t r o n s  
f rom one  p a r t  o f  t h e  metal s u r f a c e  t o  a n o t h e r ,  
u s u a l l y  t h r o u g h  t h e  m e t a l ,  b u t  maybe t h r o u g h  
t h e  water o r  c o r r o d i n g  medium a l s o .  M e t a l  
l o s s  o r  w a s t a g e  o c c u r s  a t  t h e  anode  and i s  
c a l l e d  o x i d a t i o n .  I n  a s tee l  b o i l e r  t u b e ,  a t  
t h e  a n o d e ,  i r o n  becomes a n  i r o n  i o n :  

Fe = ~ e + +  + 2e- EQ 1 
R e d u c t i o n  t a k e s  p l a c e  a t  t h e  c a t h o d e :  

0 + 4e- = 20 
++ 

2  EQ 2  
The e l e c t r o n s  s u p p l i e d  a t  t h e  anode  are con- 
sumed a t  t h e  c a t h o d e  t o  g i v e  t h e  n e t  r e a c t i o n :  

2Fe + O2 = 2Fe0 EQ 3 
The f i n a l  r e s u l t  i s  t h e  f o r m a t i o n  o f  a p i t  o r  
h o l e  a t  t h e  anode  where  i r o n  metal becomes 
i r o n  i o n s ,  w i t h  t h e  c r e a t i o n  o f  i r o n  o x i d e  as 
a c o r r o s i o n  p r o d u c t .  

The r u s t i n g  of  s t e e l  u n d e r  a m b i e n t  cond i -  
t i o n s  f o l l o w s  a similar p r o c e s s .  However, 
s t e e l  w i l l  n o t  r u s t  i n  t h e  a b s e n c e  o f  water 
o r  m o i s t u r e .  I n  o r d e r  f o r  s tee l  t o  r u s t ,  
b o t h  a i r  ( a l w a y s  p r e s e n t  i n  t h e  a t m o s p h e r e )  
and  w a t e r  are  needed .  Remove e i t h e r  one  and  
r u s t i n g  w i l l  s t o p .  

A c t i v e  r u s t i n g  o r  p i t t i n g  o f  s t e e l  c a n  
o c c u r  d u r i n g  shutdown p e r i o d s .  A i r  e n t e r s  
t h e  b o i l e r  when s t o p  v a l v e s  o r  o t h e r  c l o s u r e s  
are opened .  M o i s t u r e  o r  c o n d e n s a t e  c o l l e c t s  

a t  t h e  bo t tom o f  a s u p e r h e a t e r  o r  r e h e a t e r  
p e n d a n t ,  a low p o i n t  o f  a sagged  h o r i z o n t a l  
l o o p  i n  a n  e c o n o m i s e r ,  o r  on  t h e  i n s i d e  o f  
w a t e r w a l l  t u b e s  c l o s e  t o  t h e  waterwall h e a d e r s .  
The most  f r e q u e n t  l o c a t i o n  i s  i n  r e h e a t e r s  as 
most  b o i l e r s  do  n o t  have  i s o l a t i o n  v a l v e s  f o r  
t h e  r e h e a t e r .  The n e c e s s a r y  c o m b i n a t i o n  o f  
oxygen and  m o i s t u r e  i s  p r e s e n t  on t h e  s u r f a c e  
o f  t h e  s t ee l .  The thermodynamic d r i v i n g  f o r c e  
f o r  t h i s  i s  a d i f f e r e n t i a l  a e r a t i o n  c e l l .  The 
area u n d e r  t h e  r u s t  s c a b  is  low i n  oxygen and  
becomes t h e  anode .  The e d g e  o f  t h e  r u s t  b l i s -  
t e r  i s  h i g h  i n  oxygen c o n c e n t r a t i o n  and  i s  
c a t h o d i c .  The two anode  and  c a t h o d e  r e a c t i o n s  
p roceed  as  shown i n  EQ 1 and EQ 2 .  The f i n a l  
r e s u l t  i s  t h e  f o r m a t i o n  o f  a p i t  f i l l e d  w i t h  
r u s t ,  n o t  FeO b u t  a h y d r a t e d  i r o n  o x i d e ,  
a p p r o x i m a t e l y  Fe0.H 0. Under e a c h  s c a b  i s  a 

2  
p i t  t h a t  c a n  and  h a s  o v e r  s e v e r a l  c y c l e s  o r  
months l e d  t o  l e a k s .  Once t h e  b o i l e r  i s  re- 
s t a r t e d ,  s t e a m  l e a k s  are t h e  r e s u l t .  

F i g u r e  1 shows t h e  ID o f  a r e h e a t e r  t u b e  
t h a t  s u f f e r s  t h i s  oxygen a t t a c k .  The photo-  
g r a p h  p r e s e n t s  t h e  I D  s u r f a c e  a t  t h e  bo t tom 
o f  a p e n d a n t  s t y l e  r e h e a t e r .  Two o b s e r v a t i o n s :  
t h e r e  i s  a " w a t e r l i n e "  which  i n d i c a t e s  s t a n d i n g  
water d u r i n g  shutdown,  and t h e r e  a r e  s c a b s  o r  
b l i s t e r s  a l o n g  t h e  e d g e s  o f  o l d  w a t e r l i n e s .  
The p i t  t h a t  l e d  t o  a steam l e a k  is  t h e  
i r r e g u l a r l y  shaped  h o l e  ( w h i t e  s p o t )  i n  t h e  
c e n t e r  o f  t h e  t u b e  s e c t i o n .  The p i t t i n g  
a t t a c k  i s  p r e d o m i n a n t l y  a t  t h e  bo t tom o f  t h e  
l o o p ,  j u s t  where  t h e r e  i s  water p r e s e n t .  

Oxygen p i t t i n g  c a n  a l s o  o c c u r  on water- 
w a l l s .  The p e n e t r a t i o n  i n t o  t h e  t u b e  w a l l  i n  
s u c h  a case i s  e x a c e r b a t e d  by c h e m i c a l  c l e a n -  
i n g .  C y c l i n g  b o i l e r s  w i l l  a l s o  see g r e a t e r  
p i t t i n g  damage and  i n  s e v e r e  c a s e s  waterwalls 
w i l l  e x p e r i e n c e  p i n  h o l e  l e a k s .  

The p r e v e n t i o n  o f  oxygen p i t t i n g  i s  u s u a l -  
l y  e a s i e r  s a i d  t h a n  done .  A l l  t h a t  i s  r e q u i r e d  
i s  t o  e x c l u d e  e i t h e r  oxygen ( a i r )  o r  water. 
One of  two g e n e r a l  p r o c e d u r e s  may b e  u s e d ,  
w e t  o r  d r y .  I n  t h e  w e t  p r o c e d u r e ,  t h e  b o i l e r  



is completely filled with deaerated condensate 
at a pH adjusted to 10-10+ with ammonia or 
cyclohexylamine. An oxygen scavenger simi- 
lar to hydrazene is also employed. The boiler 
is pressurized with nitrogen after all vents 
are closed. In the dry procedure, the conden- 
sate is removed and all internal surfaces 
dried, perhaps by careful firing of the 
ignitors. The boiler is finally filled with 

pressure parts. 
For units with non-drainable super- 

heaters and reheaters, use of volatile chemi- 
cals, ammonia and cyclohexylamine, are recom- 
mended. Such chemicals prevent undesirable 
deposits from forming on the steam side of 
the pressure parts when the boiler is returned 
to service. 

With this issue of the Newsletter we 
begin our third year of service to the boiler 
industry. For those of you who have used our 
expertise, we thank you. We hope that you 
have found our advice and counsel beneficial. 
For those of you who have not yet called, let 
us remind you of our range of consulting 
activities. We specialize in solving metal- 
lurgical problems in boilers. We provide: 

Materials failure analysis 
Materials selection advice 
Remaining life assessment 
Stress-rupture testing 
Chemical analysis 
Scanning electron microscopy 
Metallographic analysis 
Mechanical testing 
Corrosion analysis and prevention 
Superheater & reheater problem 
resolution 
Materials upgrade recommendations 
In-house seminars on failure analysis 
and prevention 

We feel. that our advantage over other metal- 
lurgical laboratories is our intimate know- 
ledge of how boilers operate. Not only do 
you get expert unbiased metallurgical analysis, 
but also suggestions on how to prevent fur- 
ther difficulties. Our in-house seminar, 
"Metallurgical Failures in Boilers" has been 

Figure 1 used and found useful by nearly a dozen 
utility groups. 

nitrogen under pressure. An alternative to In closing, we hope that you have found 
filling the unit with nitrogen is to use our newsletter to be informative. Previous 
desiccants, like silica gel, installed in copies are available upon request. 
drums and headers to maintain a moisture- 
free atmosphere on the water side of the CALL US: WE CAN HELP YOU: WE CAN SAVE YOU $$$ 
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