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

The steam p r e s s u r e  and t e m p e r a t u r e  of  
u t i l i t y  b o i l e r s  have  n o t  changed i n  t h i r t y  
y e a r s .  S u b c r i t i c a l  u n i t s  o p e r a t e  a t  a b o u t  
2400 p s i g  and  1005OF; s u p e r c r i t i c a l ,  a t  
a r o u n d  4000 p s i g  and  1005OF. Thus  as  t h e  
b o i l e r s  i n s t a l l e d  i n  t h e  1 9 5 0 ' s  a p p r o a c h  t h e  
end o f  t h e i r  o r i g i n a l  d e s i g n  l i f e ,  t h e r e  i s  
no  thermodynamic e f f i c i e n c y  g a i n  i n  r e p l a c e -  
ment.  New power p l a n t s  w i l l  n o t  g e n e r a t e  
e l e c t r i c i t y  w i t h  f ewer  t o n s  o f  c o a l  p e r  MWH, 
t h e  p rob lems  o f  s i t i n g  new f a c i l i t i e s  are  
numerous,  and  t h e  c o s t  o f  money i s  d e a r .  It 
seems p r u d e n t ,  t h e n ,  t o  r e p a i r  o r  r e b u i l d .  
I n  a n y  p r o j e c t  t o  r e p l a c e  a p o r t i o n  o f  a 
b o i l e r  o r  p i p i n g ,  t h e  q u e s t i o n  of  how f a r  t o  
go  is c e n t r a l .  Where is  i t  s a f e  t o  c o n t i n u e  
t o  u s e  t h e  o r i g i n a l  components  and  where  is 
i t  n e c e s s a r y  t o  i n s t a l l  new p a r t s ?  Some 
m e t a l l u r g i c a l  background may shed  l i g h t  on 
t h i s  i m p o r t a n t  s u b j e c t .  

The p r e s s u r e  p a r t s  o f  u t i l i t y  b o i l e r s  
are  made from c a r b o n  s teel ,  low a l l o y  chrom- 
ium-molybdenum f e r r i t i c  steels, and 18-8 
chromium-nickel  a u s t e n i t i c  s t a i n l e s s  steels.  
I n  a few u n u s u a l  c a s e s  5-9 % chromium-molyb- 
denum steels have  been used  i n  SH and RH. 
The o x i d a t i o n  l i m i t s  f o r  t h e s e  a l l o y s  are: 

Carbon steel (SA210, SA106). . . . 850°F 
Carbon - 3Mo (SA209) . . . . . . . 900°F 
l t C r  - $Mo (T11,  P11) .  . . . . . .1025OF 
2 i C r  - 1Mo (T22,  P22).  . . . . . .1075"F 
18Cr - 8 N i  ( 304 ,  321 ,  347)  . . . .1300°F 

A s  p a r t  o f  t h e  o r i g i n a l  d e s i g n ,  c h a n g e s  i n  
materials are  made as  e s t i m a t e d  metal temp- 
e r a t u r e s  r e a c h  t h e  o x i d a t i o n  l i m i t s  g i v e n  
above .  Thus waterwalls o f  s u b - c r i t i c a l  b o i l -  
ers  are  c a r b o n  s teel ,  o c c a s i o n a l l y  SA209; 
T11 o r  T22 i s  used  f o r  s u p e r - c r i t i c a l  u n i t s .  
SH and  RH a l l o y s  are T11, T22 and 18-8 s t a i n -  
less, depend ing  on t h e  t e m p e r a t u r e ;  and  
e c o n o m i s e r s  are c a r b o n  s tee l .  Downcomers are 
c a r b o n  s teel  and  t h e  main steam p i p i n g  is  
u s u a l l y  2 t ~ r  - 1Mo. 

While  i t  is o b v i o u s  why o x i d a t i o n  l i m i t s  
e x i s t  f o r  t h e s e  a l l o y s  i n  e l e v a t e d  tempera-  

t u r e  s e r v i c e ,  t h e r e  are  less o b v i o u s  b u t  impor- 
t a n t  m i c r o s t r u c t u r a l  c h a n g e s  t h a t  o c c u r  unseen  
by c a s u a l  o b s e r v a t i o n .  O x i d a t i o n  and  c o r r o s i o n  
o f  t h e  f i r e s i d e  are e a s i l y  o b s e r v e d ;  however 
even  a t  t e m p e r a t u r e s  below t h e  s p e c i f i e d  ox ida -  
t i o n  l i m i t ,  l o n g t e r m  m i c r o s t r u c t u r a l  deg rada -  
t i o n  w i l l  a f f e c t  t h e  s t r e n g t h  and  f i t n e s s  f o r  
c o n t i n u e d  s e r v i c e .  I n t e r n a l  scale f o r m a t i o n  
i n c r e a s e s  t h e  t u b e  metal t e m p e r a t u r e .  Only 
c a r e f u l  m e t a l l u r g i c a l  e x a m i n a t i o n  c a n  d e t e r m i n e  
t h e  c o n d i t i o n  and  s u i t a b i l i t y  f o r  f u r t h e r  u s e  
o f  any  p a r t i c u l a r  component .  

Fo r  p l a i n  c a r b o n  and  low a l l o y  f e r r i t i c  
s tee ls  t h a t  c o n t a i n  chromium and molybdenum, 
t h e  e x p e c t e d  m i c r o s t r u c t u r e  f o r  new materials 
i s  f e r r i t e  ( n e a r l y  p u r e  i r o n )  and p e a r l i t e  ( a  
lamellar s t r u c t u r e  o f  a l t e r n a t i n g  p l a t e s  o f  
f e r r i t e  and  i r o n  c a r b i d e ) .  T h i s  n o r m a l i z e d  
s t r u c t u r e  i s  made by s l o w l y  c o o l i n g  t h e  f i n i s h e d  
p r o d u c t  f rom a b o u t  1650°F.  I n  t h i s  c o n d i t i o n  
t h e  material i s  as s t r o n g  as  i t  w i l l  be.  A l l  
m i c r o s t r u c t u r a l  c h a n g e s  t h a t  o c c u r  d u r i n g  
s e r v i c e  w i l l  d e c r e a s e  i ts  s t r e n g t h .  

From a thermodynamic v iew,  a p l a t e  s h a p e  
i s  u n s t a b l e  r e l a t i v e  t o  a s p h e r e .  The i n t e r n a l  
e n e r g y  o f  a phase  is reduced  by c h a n g i n g  i ts  
s h a p e  t o  a s p h e r e ,  t h e  e x c e s s  s u r f a c e  e n e r g y  is 
t h e  d r i v i n g  f o r c e  f o r  change .  O t h e r  f a c t o r s  
w i l l  promote t h e  more r a p i d  s p h e r o i d i z a t i o n  o f  
t h e  c a r b i d e  p h a s e ,  f o r  example  h i g h  t e m p e r a t u r e s ,  
a p p l i e d  stress, and  t h e  quenched and  tempered  
m i c r o s t r u c t u r e s  i n  t h e  h e a t - a f f e c t e d  z o n e s  o f  
we lds .  The r e s u l t  i s  a smaller s u r f a c e  t o  
volume r a t i o  and  more s t a b i l i t y .  Thus  f e r r i t e  
and  p e a r l i t e  become f e r r i t e  and  s p h e r o i d i z e d  
c a r b i d e s .  Fo r  p l a i n  c a r b o n  and  c a r b o n  + $ 
molybdenum steels ,  t h e  c a r b i d e  phase ,  Fe3C, is 
u n s t a b l e  and  becomes g r a p h i t e  and f e r r i t e .  The 
a d d i t i o n  o f  chromium a s  i n  T11 and T22 s t a b i l i z e s  
t h e  Fe C s o  t h a t  g r a p h i t i z a t i o n  d o e s  n o t  o c c u r .  

3  
Concomitan t  w i t h  t h e s e  m i c r o s t r u c t u r a l  

c h a n g e s  is a d e c r e a s e  i n  mechan ica l  p r o p e r t i e s ,  
t e n s i l e  s t r e n g t h ,  h a r d n e s s ,  c r e e p  s t r e n g t h ,  
e t c ;  a l l  are  r educed .  S c h e m a t i c a l l y  t h e s e  
c h a n g e s  may be  r e p r e s e n t e d  by: 



2. SIN SPHWOIDIZATION 

3 .  PEARLITE ODU)IIIES EXPAND 

4 .  GRAIN BOUNDARY CARBIDES APPEAR 

5 . '  FINE. UNIFDla CARBIDE DISPERSION 

6. ODARSE. UulrnRn CARBIDE DISPERSION 

7 .  GRAPHITE PARTICLES APPEAR 

8. CREEP VOID 8 FAILURE 

There are roughly eight stages to this 
degradation: 
1. Ferrite + pearlite - new material 
2. Ferrite + -- in situ spheroidization - the 
pearlite colonies are still well-defined 
but the plates of iron carbide have become 
spherical in shape. 
3. Pearlite colonies retain their shape but 
expand in size. 
4. Pearlite colonies are still visible but 
grain boundary carbides appear. 
5. Ferrite + a dispersion of fine carbide 
particles uniformly spread throughout the 
structure. 
6. The uniform dispersion of fine carbide 
particles agglomerate into a uniform disper- 
sion of coarse particles. 
7. Ferrite + graphite - the iron carbide 
decomposes into graphite. For alloys T11 and 
T22 this stage does not occur. 
8. Creep voids - At elevated temperature, 
one of the longterm failure mechanisms of an 
alloy under stress is by creep, the slow 

deformation by sliding of one grain past its 
neighbors. As adjacent grains slip, voids 
form at the juncture of three grains. As defor- 
mation continues, these voids link along grain 
boundaries to form cracks, by grain boundary 
separation. By the time either creep voids or 
graphite arepresent in the microstructure, the 
safe useful life of the component is about over. 

All of these transformations occur over a 
range of temperatures. However, what occurs 
in a short time at high temperature will occur 
in a longer time at a lower temperature. The 
Larson-Miller parameter P has been used to 
relate this time-temperature interchangeability 
for these microstructural changes: 

P = T(20 + log t) 
where T is absolute temperature (OF + 460), 
" I' t is time in hours and 20 is an empirical 
constant. Using this relationship it may be 
seen that what occurs in 20 years at 1050°F, 
will occur in just 8 years at 1075"F, a reduc- 
tion of 60% for just 25OF increase in tempera- 
ture. Thus any operating temperature increase 
over the design temperature will shorten the 
life of the component. 

In doing life assessment, more than simple 
microstructural analysis is required. Since 
both stress and HAZ's promote graphitiz'ation, 
spheroidization, and creep cracking, MT or PT 
examinations should be done in the highly 
stressed welds of a header or piping. The 
design life is a function of the stress and 
temperature. A forty year old boiler whose 
actual operating stress is 4 the ASME Code 
allowable stress is going to have a longer life 
than a thirty year old unit whose present 
operating stress is equal to the ASME Code 
allowable stress. While microstructural 
analysis is important it is not done without 
knowledge and understanding of the operating 
stresses, Code stresses, actual wall thickness- 
es, and present operating temperatures. 
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