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

DEW POINT CORROSION 

The combustion of  most f o s s i l  f u e l s ,  
n a t u r a l  g a s  b e i n g  t h e  obvious e x c e p t i o n ,  
~ r o d u c e s  f l u e  e a s e s  t h a t  c o n t a i n  b o t h  s u l f u r  

around 300 '~ .  Thus s u r f a c e s  c o o l e r  t h a n  
s a t u r a t i o n  t empera tu re  a r e  l i k e l y  l o c a t i o n s  
f o r  dew-point c o r r o s i o n .  Any p o i n t  a long  t h e  
f lue-gas  p a t h  from combustion i n  t h e  f u r n a c e  F i g u r e  1. 
t o  t h e  t o p  of  t h e  chimney a r e  p o s s i b l e  s i t e s .  

I n  b o i l e r  terminology "ac id  dew po in t1 '  
r e f e r s  t o  t h e  H2S04 dew p o i n t  a s  t h i s  i s  t h e  
h i g h e s t  dew-point t empera tu re .  Both H2S03 and 
HC1 a c i d s  condense a t  lower t e m p e r a t u r e s  t h a n  
H2S04. While t h e  p r e c i s e  dew p o i n t  f o r  H2S04 
format ion depends on t h e  SO3 c o n c e n t r a t i o n ,  a t  
10 ppm SO3 i n  t h e  f l u e  gas ,  t h e  dew p o i n t  i s  
280°F. Most f lue -gas  composi t ions  have l e s s  
t h a n  10 ppm SO3 s o  t h e  a c t u a l  dew p o i n t  i s  
somewhat l e s s .  

Dew-point c o r r o s i o n  is  exacerba ted  i n  coa l -  
f i r e d  b o i l e r s  by t h e  p resence  of f l y  a sh .  F ly  
a s h  accumulates throughout  t h e  f lue -gas  p a t h  
and t h e  r e s u l t a n t  f ly -ash  d e p o s i t  a c t s  l i k e  a  
sponge t o  c o l l e c t  b o t h  m o i s t u r e  and a c i d  
e s p e c i a l l y  d u r i n g  shutdown c y c l e s .  F i g u r e s  1 
and 2  p r e s e n t  a  f inned- tube economizer t h a t  
h a s  s u f f e r e d  s e v e r e  wastage  due t o  dew-point 
c o r r o s i o n .  F i g u r e  1 shows t h e  l o s s  of t h e  
f i n s  and F i g u r e  2  documents t h e  wastage  of  t h e  
tube  i t s e l f .  Compare t h e  tube-wall  
t h i c k n e s s e s  on o p p o s i t e  s i d e s  of t h e  tube .  
Fly  a s h  remains between t h e  f i n s  t o  t r a p  
s u l f u r i c  a c i d .  Acid smuts occur  when t h e  gas  
t empera tu re  i s  l e s s  t h a n  t h e  dew p o i n t  and 
H2S04 forms on f l y  a s h  p a r t i c l e s .  

F i g u r e  2. 

The f l y  a s h - s u l f u r i c  a c i d  c o r r o d e s  t h e  
s t e e l  i n  two ways: (1) t h e  normal s u l f u r i c  
a c i d  c o r r o s i o n  of  s t e e l  and (2) c r e v i c e  
c o r r o s i o n  which c a u s e s  d i f f e r e n t i a l  a e r a t i o n  
and /o r  c o n c e n t r a t i o n  c e l l s  t h a t  l e a d s  t o  a  
l o c a l i z e d  p i t t i n g  a t t a c k .  Thus t h e  c o r r o s i o n  
r a t e  under t h e  f l y  a s h  can b e  c o n s i d e r a b l y  
f a s t e r  t h a n  s imple  dew-point c o r r o s i o n  a lone .  

SUSCEPTIBLE AREAS 

AS OF JULY 16, 1988 OUR AREA CODE WILL BE Any l o c a t i o n  where a i r  in- leakage o c c u r s  
508. THE NEW NUMBER I S  (508) 393-3635. t h a t  l o c a l l y  reduces  meta l  t empera tu res  t o  



l e s s  t h a n  abou t  3 0 0 ' ~  a r e  c a n d i d a t e  s i t e s .  
These l o c a t i o n s  would i n c l u d e :  (1) t h e  
penthouse .  F lue  g a s  can l e a k  i n t o  t h e  
penthouse  from t h e  f u r n a c e  th rough  broken o r  
damaged s e a l s  su r round ing  s u p e r h e a t e r  o r  
r e h e a t e r  t u b e s .  The f lue -gas  l e a k a g e  w i l l  
c o r r o d e  t h e  c a s i n g  and suppor t  s t e e l ,  
e s p e c i a l l y  t h o s e  s u p p o r t s  t h a t  p a s s  th rough  t o  
t h e  c a s i n g  t o  t h e  s t e e l  framework. These a r e  
a p t  t o  b e  coo l  enough t o  a l low dew-point 
condensa t ion .  (2) A i r  Hea te r .  The a i r  h e a t e r  
c o l d  end i s  pe rhaps  t h e  most obvious  l o c a t i o n  
f o r  dew-point c o r r o s i o n .  The a i r  h e a t e r  i s  
in tended  t o  t a k e  ambient a i r  and r a i s e  i t s  
t empera tu re  t o  improve combustion e f f i c i e n c y .  
(3)  Duct Work, Expansion J o i n t s ,  I n s p e c t i o n  
Doors. Sampling P o r t s  and Access Doors. A i r  
and l e a k a g e  from poor  s e z l s  and weld d e f e c t s  
c o o l s  t h e s e  zones w e l l  below t h e  dew p o i n t .  
(4)  E l e c t r o s t a t i c  P r e c i p i t a t o r s  and F i l t e r  Bag 
Houses. Dew-point c o r r o s i o n  i n  t h e s e  
components i s  u s u a l l y  caused by a i r  in-  
leakage.  O c c a s i o n a l l y  poor  f lue -gas  
c i r c u l a t i o n  l e a v e s  dead zones t h a t  under  low 
l o a d  c o n d i t i o n s  may c o o l  enough t o  l e a d  t o  
dew-point c o r r o s i o n .  Cor ros ion  i s  
p a r t i c u l a r l y  d i f f i c u l t  because  many of  t h e  
carbon s t e e l  s t r u c t u r e s  a r e  t h i n  p l a t e s  which 
can be  p e r f o r a t e d  i n  a  r e l a t i v e l y  s h o r t  p e r i o d  
of  t ime .  ( 5 )  Induced Fans. Poor housekeeping 
a l lows  a i r  in - l eakage  th rough  d e f e c t i v e  s e a l s ,  
a t  which,  a g a i n ,  i f  t h e  meta l  t e m p e r a t u r e  i s  
l e s s  t h a n  about  300°F, dew-point c o r r o s i o n  
occurs .  (6 )  Chimneys: - E s p e c i a l l y  a t  t h e  
t o p ,  a i r  t e m p e r a t u r e s  a r e  l i k e l y  t o  b e  l e s s  
t h a n  300 '~ .  A t  t h e  v e r y  bottom where r a i n  
w a t e r  can c o l l e c t  and a i r  in- leakage th rough  
a c c e s s  doors  a r e  a l s o  p r i n c i p a l  s i t e s  f o r  dew- 
p o i n t  c o r r o s i o n .  

MATERIALS SELECTION 

Expensive ,  h igh-a l loy  s t e e l s ,  s i m i l a r  t o  
t h e  a u s t e n i t i c  s t a i n l e s s  s t e e l s ,  o r  t h e  

n icke l -base  Inco loy  o r  Has ta loy  g r a d e s  do n o t  
o f t e n  work a s  w e l l  a s  expec ted .  T h i s  i s  
p a r t i c u l a r l y  t r u e  i n  c o a l - f i r e d  b o i l e r s  where 
f l y - a s h  accumulat ion c a u s e s  d i f f e r e n t i a l  
a e r a t i o n  and c o n c e n t r a t i o n  c e l l s  t h a t  l e a d  t o  
p i t t i n g  a t t a c k .  T h i s  form o f  c o r r o s i o n  is  
u s u a l l y  r e f e r r e d  t o  a s  " c r e v i c e  c o r r o s i o n "  o r  
" c r e v i c e - c o r r o s i o n  a t t a c k " .  While t h e s e  h i g h  
a l l o y s  would b e  v i r t u a l l y  immune t o  s u l f u r i c  
a c i d  c o r r o s i o n  a l o n e ,  t h e  f ly -ash  accumula t ion  
can c a u s e  s e v e r e  was tage  by c r e v i c e  c o r r o s i o n .  

Coa t ings  g e n e r a l l y  a r e  n o t  recommended on 
e x i s t i n g  equipment t o  c .orrect  an e x i s t i n g  
problem. The c o a t i n g s  a r e  i m p o s s i b l e  t o  app ly  
thorough ly  and poor  s u r f a c e  p r e p a r a t i o n  l e a d s  
t o  poor  c o a t i n g  q u a l i t y .  On new c o n s t r u c t i o n  
where t h e  c o a t i n g  a p p l i c a t i o n  i s  under  b e t t e r -  
c o n t r o l l e d  c o n d i t i o n s ,  s a t i s f a c t o r y  s e r v i c e  may 
b e  achieved.  

A d d i t i v e s ,  u s u a l l y  based on MgO o r  Mg(OH)2 
have been used f o r  a  number o f  y e a r s  w i t h  
s u c c e s s .  The MgO r e a c t s  w i t h  t h e  SO2-SO 3 form magnesium s u l f i t e  (MgSO ) o r  magnesium 

i s u l f a t e  (MgS04). Without s u  f u r  d i o x i d e - s u l f u r  
t r i o x i d e  p r e s e n t  i n  t h e  f l u e  g a s ,  no a c i d  
condensa t ion  can occur .  The d i r e c t  i n j e c t i o n  
o f  NH3 (ammonia) h a s  been used t o  r educe  
a c i d i t y  b u t  forms o t h e r  d e p o s i t s .  These may 
i n c l u d e  b i s u l f a t e s  t h a t  become s t i c k y  and may 
l e a d  t o  i n c r e a s e d  c o r r o s i o n  by a  c r e v i c e  
c o r r o s i o n  mechanism. 

I n  summary, t h e  e a s i e s t  way t o  p r e v e n t  dew- 
p o i n t  c o r r o s i o n  problems i s  t o  t a k e  c a r e  of  t h e  
housekeeping t o  p r e v e n t  a i r  in- leakage.  Keep 
meta l  t e m p e r a t u r e s  about  300 '~ .  
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