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FUEL ASH CORROSION M i x t u r e s  o f  t h e s e  t r i s u l f a t e s  have  m e l t i n g  

High t e m p e r a t u r e  SH and RH o f  f o s s i l  p o i n t s  as  low a s  1030°F.  Both SH and RH t u b e  

f i r e d  b o i l e r s  are s u b j e c t  t o  r a p i d  c o r r o -  metal t e m p e r a t u r e s  c a n  e a s i l y  r e a c h  1030°F.  

s i o n  by c e r t a i n  c o n s t i t u e n t s  i n  t h e  a s h .  Tube metal t e m p e r a t u r e s  of  1150°F are not. un- 

Both o i l  and  c o a l  a s h  under  some c o n d i t i o n s  h e a r d  o f .  Thus i f  t h e s e  t r i s u l f a t e s  form,  i t  is 

may l e a d  t o  t u b e  w a s t a g e .  R e g a r d l e s s  of  l i k e l y  t h a t  r a p i d  t u b e  w a s t a g e  w i l l  f o l l o w .  

t h e  f u e l ,  t h e  c o r r o s i o n  mechanisms a r e  The p r e v e n t i o n  o f  c o a l  a s h  c o r r o s i o n  d o e s ,  

s i m i l a r :  a low m e l t i n g  p h a s e ,  compound, o r  however,  p r e s e n t  some d i f f i c u l t i e s .  Once i t  is 
m i x t u r e  fo rms  i n  t h e  a s h  d e p o s i t  a t  t h e  known f o r  c e r t a i n  t h a t  l i q u i d  a s h  c o r r o s i o n  is 

s u r f a c e  o f  t h e  t u b e .  The l i q u i d  d i s s o l v e s  t h e  problem,  t u b e  s h i e l d s  a r e  i n s t a l l e d  as  t h e  

the protective o x i d e  scale and leaves t h e  bare Usual  c o r r e c t i v e  a c t i o n .  I n  t h o s e  a r e a s  where 

s tee l  exposed .  A t  o n c e  t h e  b a r e  s tee l  fo rms  c o r r o s i o n  o c c u r s ,  s t a i n l e s s  s tee l  o r  o t h e r  h i g h  
a n  o x i d e  and a g a i n  t h e  o x i d e  is d i s s o l v e d .  t e m p e r a t u r e  a l l o y s  are welded o r  wrapped a round  
~h~  repeats. Each time t h e  ox ide  layer t h e  t u b e .  The i n t e n t  is t o  r a i s e  t h e  s u r f a c e  
is renewed,  t h e  t u b e  w a l l  is  reduced  i n  t h i c k -  temperature t o  l30OoF o r  s l i g h t l y  h ighe r*  
n e s s .  E v e n t u a l l y  t h e  w a s t a g e  is s u f f i c i e n t  S h i e l d s  are n o t  as  w e l l  c o o l e d  by t h e  s t e a m ,  
s o  t h a t  t h e  r e m a i n i n g  metal i s  n o t  s t r o n g  t h e r e  i s  a n  a i r  gap  t h a t  f u n c t i o n s  a s  a n  i n s u l a -  
enough t o  w i t h s t a n d  t h e  i n t e r n a l  steam p r e s s u r e .  ting layer  the £ low of  heat hot 
The t u b e  r u p t u r e s  and a n o t h e r  f o r c e d  o u t a g e  g a s  t o  c o o l e r  s t eam.  Above 1300°F,  t h e  t r i -  

o c c u r s .  s u l f a t e s  are  u n s t a b l e  and  decompose. Thus  above  
While  t h e  e s s e n t i a l  f e a t u r e s  o f  l i q u i d  1300°F r a p i d  l i q u i d a s h c o r r o s i o n  d o e s  n o t  

a s h  c o r r o s i o n  a r e  similar f o r  b o t h  c o a l  and c o n t i n u e .  

o i l  f u e l s ,  t h e  d e t a i l s  are q u i t e  d i f f e r e n t .  Another  p o s s i b l e  way t o  p r e v e n t  t h e s e  t r i -  

For  c o a l  t h e  p r i n c i p l e  a g e n t s  o f  d e s t r u c t i o n  s u l f a t e s  from fo rming  is t o  make compounds o f  

are s u l f u r  and  sodium o r  p o t a s s i u m .  O t h e r  t h e s u l f u r  t r i o x i d e  w i t h  c a l c i u m  o r  magnesium 

m i n e r a l  fo rms ,  ma in ly  c a l c i u m  and magnesium, o x i d e  and  form t h e  s u l f a t e .  Both c a l c i u m  and 

may a l s o  p l a y  i m p o r t a n t  r o l e s .  A l l  c o a l  magnesium s u l f a t e  have  m e l t i n g  p o i n t s  w e l l  above  

burned  t o d a y  c o n t a i n s  some s u l f u r .  However, t u b e  metal t e m p e r a t u r e s .  
t h e  amount of s u l f u r  d o e s  n o t  i n d i c a t e  whe the r  Not a l l  c o a l s  w i t h  similar a s h  c o m p o s i t i o n s  

a s h  c o r r o s i o n  w i l l  o c c u r .  The s u l f u r  i n  t h e  c a u s e  a s h  c o r r o s i o n  problems.  The r e a s o n  seems 
coal, whether a s u l f i d e  ( p y r i t e s )  or a sulfate t o  be t h e  form t h a t  c a l c i u m  and magnesium miner -  

(Na2S04, K2S04 o r  FeS04) ,  f o rms  s u l f u r  d i o x i d e  als take in t h e  If t h e y  are o x i d e s  o r  

(SO2) and s u l f u r  t r i o x i d e  (SO ) i n  t h e  f l a m e .  p e r h a p s  c a r b o n a t e s ,  t h e s e  w i l l  t h e n  be  a v a i l a b l e  
3  t o  r e a c t  w i t h  s u l f u r  t r i o x i d e  t o  form h a r m l e s s  

Under a n e a r l y  u n i q u e  set  of c o n d i t i o n s ,  t h e  s u l f a t e s .  However, i f  t h e  c a l c i u m  and magnesium 
SO and sodium o r  p o t a s s i u m  o x i d e  (Na20,  K20) 

3  are complex m i n e r a l s ,  s i l ica tes  o r  c l a y ,  t h e y  
m i g r a t e  t h r o u g h  t h e  a s h  d e p o s i t  t o  t h e  c o o l e r  c a n n o t  form h a r m l e s s  s u l f a t e s .  L i q u i d  a s h  
t u b e  m e t a l  s u r f a c e .  Once t h e r e ,  t h e y  combine c o r r o s i o n  i s  t h e n  l i k e l y .  
w i t h  i r o n  o x i d e  p r e s e n t  i n  t h e  s c a l e .  The Ash c o r r o s i o n  o f  f u r n a c e  walls i s  a l s o  re- 
compound t h a t  fo rms  is a n  a l k a l i  i r o n  t r i s u l -  l a t e d  t o  t h e  f o r m a t i o n  o f  a l i q u i d  phase  i n  t h e  
f a t e ,  Na3Fe(S04)3 o r  K3Fe(S04)3. Thus a s h .  S i n c e  f u r n a c e  w a l l  t e m p e r a t u r e s  r a r e l y  

3Na20 + 6S03 + Fe203 = 2Na3Fe(S04)3. exceed  850" - 900°F even  f o r  a  s u p e r c r i t i c a l  
b o i l e r ,  t h e  t r i s u l f a t e s  c a n n o t  be blamed.  I n s t e a d  

A similar r e a c t i o n  o c c u r s  w i t h  K20. The it h a s  been  s u g g e s t e d  t h a t  p y r o s u l f a t e s  o f  sodium 
q e l t i n g  p o i n t s  of t r i s u l f a t e s  a r e  a b o u t  1150°F.  and potassium, N~ s 0 or K s 0 are the bad 2  2  7 2  2  7 '  



a c t o r s .  M e l t i n g  p o i n t s  have  been measured as 
low as 635°F f o r  c o n s t i t u e n t s  i n  t h e  a s h .  
U s u a l l y  s u c h  low t e m p e r a t u r e  c o r r o s i o n  i s  
a s s o c i a t e d  w i t h  r e d u c i n g  c o n d i t i o n s  a l o n g  t h e  
f u r n a c e  walls .  High c o n c e n t r a t i o n s  o f  c a r b o n  
monoxide have  been c o r r e l a t e d  w i t h  w a l l  c o r -  
r o s i o n .  Poor  f i n e n e s s  c o n t r o l  o f  t h e  p u l v e r -  
i z e d  c o a l  may l e a d  t o  d e p o s i t i o n  o f  unburned 
c a r b o n  on t h e  f u r n a c e  walls.  I n  e i t h e r  c a s e  
t h e  measured oxygen l e v e l s  a t  t h e  s t a c k  may 
be  3  - 4% b u t  on a m i c r o e n v i r o n m e n t a l  scale 
where  t h e  c o r r o s i o n  o c c u r s  t h e r e  are r e d u c i n g  
c o n d i t i o n s .  

I n  t h e  c a s e  o f  o i l  a s h  c o r r o s i o n ,  t h e  
components  i n  t h e  f u e l  t h a t  l e a d  t o  p rob lems  
a r e  vanadium, sodium,  s u l f u r  and o c c a s i o n a l l y  
c h l o r i n e .  The amount o f  a s h  p r e s e n t  i s  a 
few pounds p e r  t o n ;  t h e  amounts  o f  vanadium 
and sodium a r e  measured i n  p a r t s  p e r  m i l l i o n .  
Even though  q u a n t i t i e s  are small,  i n  t h e  
c o u r s e  o f  a d a y ' s  consumpt ion  of  f u e l ,  a few 
hundred  pounds of  vanadium p e n t o x i d e  (V 0 ) 

2  5  
and  sodium o x i d e  (Na,O) may be d e p o s i t e d  on 

L 

SH o r  RH t u b e s .  
A s  n o t e d  b e f o r e ,  t h e  mechanism f o r  o i l  

a s h  c o r r o s i o n  i s  similar t o  t h a t  o f  c o a l .  A 
l i q u i d  s p e c i e s  fo rms  on t h e  t u b e  s u r f a c e ,  
d i s s o l v e s  t h e  p r o t e c t i v e  o x i d e  s c a l e ,  and 
t u b e  w a s t a g e  p r o c e e d s .  The l i q u i d  phase  i s  a 
m i x t u r e  o f  V 0 and e i t h e r  Na 0 o r  sodium 

2  5 2 
s u l f a t e ,  (Na,SO ). The two o x i d e s ,  V 0 and 

2 4  2  5  
Na.,O form a s e r i e s  o f  v a n a d a t e s  and m i x t u r e s  

L 

of  v a n a d a t e s .  The l o w e s t  m e l t i n g  p o i n t  is 
l e s s  t h a n  1000°F and  o c c u r s  a t  a  c o m p o s i t i o n  
o f  a b o u t  1 6  w t % N a 2 0  - 8 4  w t  %V 0 M i x t u r e s  

2  5' 
o f  V 2 0 5  and Na2S04 m e l t  a t  a b o u t  1000°F a t  a 
c o m p o s i t i o n  o f  10 w t %  Na SO - 9 0  w t %  V 2 0 5 .  

2  4  
The p r i n c i p l e  c u l p r i t ,  however,  is  n o t  t h e  
s u l f a t e  b u t  t h e  sodium v a n a d a t e s .  I have  n o t  
s e e n  l i q u i d  a s h  c o r r o s i o n  on f u r n a c e  walls i n  
o i l  f i r e d  b o i l e r s .  

I - 
U n l i k e  t h e  t r i s u l f a t e s  i n  c o a l ,  t h e  Na,O 

L 

I and V 2 0 5  o r  Na SO compounds do  n o t  decompose 2  4  
a t  b o i l e r  t e m p e r a t u r e s .  Tube s h i e l d s  are a n  
i n e f f e c t i v e  s b l u t i o n .  S i n c e  t h e  p r i n c i p l e  
l i q u i d  phase  i s  composed of  v a n a d a t e s ,  t h e  
m e l t i n g  p o i n t  c a n  be  r a i s e d  by c h a n g i n g  t h e  
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c o m p o s i t i o n .  The vanadium and sodium c o m p o s i t i o n  
of  t h e  o i l  c a n  be  changed by b l e n d i n g  o i l s  of  
d i f f e r e n t  V and  Na c o n t e n t .  The minimum m e l t i n g  
p o i n t  i n  t h e  V 0 and Na 0 s y s t e m  o c c u r s  a t  16% 2  5  2  
Na20, a V205/Na20 r a t i o  o f  5 t  (84116) .  F o r  t h e  
u s u a l  c i r c u m s t a n c e  of  r e p o r t i n g  e l e m e n t a l  a n a l y -  
sis o f  V and  Na i n  t h e  o i l  i n  p a r t s  p e r  m i l l i o n ,  
t h e  minimum m e l t i n g  p o i n t  o c c u r s  a t  a  V t o  Na 
r a t i o  o f  a b o u t  4 .  

A d d i t i v e s  may b e  b l ended  w i t h  t h e  o i l  t o  
r e d u c e  t h e  e f f e c t s  o f  l i q u i d  a s h  c o r r o s i o n .  The 
most  b e n e f i c i a l  compounds a p p e a r  t o  be magnesium 
o x i d e  o r  magnesium h y d r o x i d e  which when h e a t e d  
become t h e  o x i d e .  MgO r e a c t s  w i t h  SO3 t o  form a  

h a r m l e s s  magnesium s u l f a t e .  MgO r e a c t s  w i t h  
V 0 t o  form h i g h  m e l t i n g  magnesium v a n a d a t e s .  

2  5  
I n  e i t h e r  case compounds t h a t  melt a t  t u b e  metal 
t e m p e r a t u r e s  do  n o t  form. 

C h l o r i n e  fo rms  i r o n  c h l o r i d e  which  h a s  a 
m e l t i n g  p o i n t  below 800°F.  Thus c h l o r i n e  i n  any  
q u a n t i t y  g r e a t e r  t h a n  a  few ppm is p o t e n t i a l l y  
d a n g e r o u s .  Of c o u r s e  most  f u e l  o i l s  a r e  s h i p p e d  
by ocean  f r e i g h t e r  o r  b a r g e ,  s o  t h e  p o s s i b i l i t y  
e x i s t s  o f  mix ing  sea water (3+% c h l o r i d e s )  w i t h  
t h e  o i l .  Seawa te r  i s  more d e n s e  t h a n  o i l .  Thus 
i t  i s  f a i r l y  e a s y  t o  keep  i t  o u t  o f  t h e  f u e l  
burned .  

Depending on  t h e  s e v e r i t y  o f  f u e l  a s h  c o r r o -  
s i o n ,  s t a i n l e s s  s tee l  t u b e s  o f f e r  good p r o t e c t i o n .  
Metals depend on o x i d e s  formed a t  t h e  s u r f a c e  
t o  p r e v e n t  c o r r o s i o n .  The b e t t e r  t h e  a l l o y  f o r  
h i g h  t e m p e r a t u r e  s e r v i c e ,  t h e  more t e n a c i o u s  is  
t h e  p r o t e c t i v e  o x i d e .  Carbon s tee l  i s  s a f e  f o r  
u s e  t o  a b o u t  850°F  w h i l e  304  s t a i n l e s s  i s  good 
f o r  o v e r  1300°F.  S t a i n l e s s  s t ee l  h a s  a more 
t i g h t l y  a d h e r i n g  o x i d e  t h a n  c a r b o n  s tee l .  T h e s e  
o x i d e s  on s t a i n l e s s  are more d i f f i c u l t  t o  d i s -  
s o l v e  i n  a s h  d e p o s i t s  t h a n  t h e  o x i d e s  on low 
a l l o y  f e r r i t i c  s tee ls ,  similar t o  SA213 T-22. 
I ' v e  s e e n  c o a l  a s h  c o r r o s i o n  on  T-22 t h a t  h a s  
c a u s e d  t u b e  f a i l u r e s  w i t h i n  two f e e t  o f  a t r a n s -  
i t i o n  t o  304 s t a i n l e s s .  The 304  showed v i r t u a l l y  
no  damage by c o a l  a s h  c o r r o s i o n .  On t h e  o t h e r  
hand ,  I ' v e  a l s o  s e e n  a 321H s t a i n l e s s  s tee l  R H  
t u b e  c o r r o d e d  by o i l  a s h  t o  a steam l e a k  i n  less 
t h a n  6  months.  So t h e r e  are  no  clear c u t  gu ide -  
l i n e s  t o  f o l l o w  w i t h o u t  c a r e f u l  s t u d y  by a  
cornpetant  m e t a l l u r g i s t .  
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