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A V I E W  FROM THE PENTHOUSE: USEFUL INFORMATION FOR THE WORLD OF BOILERS 

ERUMPENT FAILURES 

The dynamic b a l a n c e  between h e a t  genera-  
t i o n  and f l u i d  f low when i n  p roper  e q u i l i b r i u m  
l e a d s  t o  s a f e  m e t a l  t e m p e r a t u r e s  t h a t  a s s u r e  
l o n g  b o i l e r - t u b e  l i f e .  When t h e  f l u i d  f low 
is i n t e r r u p t e d  by a p a r t i a l  o r  t o t a l  b lockage 
tube-metal  t e m p e r a t u r e s  can r i s e  t o  1600°F 
o r  s o  i n  a  few minu tes .  A t  t h i s  t e m p e r a t u r e  
f a i l u r e s  f o l l o w  i n  ve ry  s h o r t  o r d e r .  F a i l u r e s  
o f  t h i s  t y p e  a r e  u s u a l l y  r e f e r r e d  t o  a s  
11 shor t - t e rm overhea t ing . "  

These  f a i l u r e s  a r e  c h a r a c t e r i z e d  by a  
wide-open b u r s t  w i t h  f r a c t u r e  edges  drawn t o  
n e a r  knife-edge c o n d i t i o n .  There is  c o n s i d e r -  
a b l e  d u c t i l i t y  t o  t h e  r u p t u r e ,  and t h e  appear-  
ance  is r e f e r r e d  t o  sometimes a s  a  "fishmouth 
f a i l u r e . "  (See  F i g u r e  1 )  

(T-11) and 2$r-1Mo (T-22) m a t e r i a l s  commonly 
used i n  b o i l e r s .  

TABLE I. ELEVATED TEMPERATURE STRENGTHS 

TEMP, OF TENSILE STRENGTHS, KSI 

SA-210 T-11 T-22 

The second i m p o r t a n t  f e a t u r e  i s  t h e  a l l e -  
t r o p i c  t r a n s f o r m a t i o n  i n h e r e n t  t o  low-alloy 
and ca rbon  s t e e l s .  A t  room t e m p e r a t u r e  t h e  
c r y s t a l l o g r a p h i c  s t r u c t u r e  of f e r r i t i c  s t e e l  - - 

is body-centered c u b i c  (BCC). The i n d i v i d u a l  
atoms of  i r o n  a r r a n g e  themse lves  on a  c u b i c  
l a t t i c e  w i t h  an  atom a t  t h e  c o r n e r  of  each  
cube and one a t  t h e  c e n t e r  of t h e  cube.  The 
BCC form of  i r o n  is c a l l e d  " f e r r i t e . "  A t  
h igh  t e m p e r a t u r e s  t h e  c r y s t a l l o g r a p h i c  a r -  
rangement is face -cen te red  c u b i c  (FCC). I n  
t h i s  c a s e ,  i n d i v i d u a l  atoms of  i r o n  a r r a n g e  
themse lves  on t h e  c o r n e r  of a  cube wi th  a d d i -  
t i o n a l  a toms i n  t h e  middle  of t h e  6  f a c e s  of  
t h e  cube.  The FCC form of  i r o n  is c a l l e d  

F i g u r e  1. A f i shmouth f a i l u r e  

I n  o r d e r  t o  f u l l y  e x p l a i n  t h e s e  erumpent 
f a i l u r e s ,  two f e a t u r e s  t o  ca rbon  and low-alloy 
s t e e l s  need t o  be d i s c u s s e d .  F i r s t ,  as tem- 
p e r a t u r e  i n c r e a s e s ,  t h e  t e n s i l e  s t r e n g t h  
d e c r e a s e s .  When t h e  hoop s t r e s s  from t h e  
steam p r e s s u r e  is approx imate ly  e q u a l  t o  t h e  
h igh- tempera tu re  t e n s i l e  s t r e n g t h ,  f a i l u r e  
f o l l o w s .  Equa t ion  1 g i v e s  t h e  hoop s t r e s s .  

where S  = hoop s t r e s s ,  p s i  
P = s team p r e s s u r e ,  p s i  
D = t u b e  d i a m e t e r ,  i n c h  
W = t u b e  w a l l ,  i n c h  

Tab le  I lists t h e  e l e v a t e d  t e m p e r a t u r e  
s t r e n g t h s  of  ca rbon  steel (SA-210), l a ~ r - + ~ o  

11 a u s t e n i t e . "  

F u r t h e r ,  t h e  s o l u b i l i t y  of  carbon i n  t h e s e  
two forms i s  d i f f e r e n t .  A t  h i g h  t e m p e r a t u r e ,  
t h e  FCC l a t t i c e  w i l l  d i s s o l v e  up t o  2% c a r b o n ,  
w h i l e  t h e  BCC l a t t i c e  w i l l  d i s s o l v e  l e s s  t h a n  
0.02% carbon .  During s t e e l  making and f a b r i -  
c a t i o n  of t h e s e  m a t e r i a l s ,  t h e  c o o l i n g  r a t e  
from t h e  high- temperature  c r y s t a l l o g r a p h i c  
form of  FCC t o  t h e  room t e m p e r a t u r e  c r y s t a l -  
l o g r a p h i c  form of  BCC i s  s low enough t o  g i v e  
t h e  ca rbon  atoms a d e q u a t e  t i m e  t o  un-mix. 
S i n c e  t h e  BCC l a t t i c e  w i l l  accomodate o n l y  
0.02ZC, a n o t h e r  c o n s t i t u e n t  forms of  h i g h e r  
ca rbon  c o n t e n t .  T h i s  o t h e r  phase  i s  i r o n  
c a r b i d e ,  Fe3C, c a l l e d  "cement i te ."  The normal 
appearance  of m i x t u r e s  of  f e r r i t e  and i r o n  
c a r b i d e  i s  l a m e l l a r  p e a r l i t e ,  s e e  F i g u r e  2. 
The amount of p e a r l i t e  i n  t h e  m i c r o s t r u c t u r e  
depends on t h e  %C. High-carbon s t e e l s  have 
more p e a r l i t e  t h a n  low-carbon steels. A s  
c o o l i n g  rates from a u s t e n i t e  t o  f e r r i t e  and 



Figure 2. Lamellar pearlite and ferrite 

pearlite are increased, there is inadequate 
time for carbon un-mixing. Thus the micro- 
structure at room temperature will be a 
quenched or rapidly cooled structure, either 
bainite or martensite. 

The temperature at which the BCC lattice 
transforms to the FCC lattice is known as the 
I1 lower-critical transformation temperature" 
(LCTT). This particular temperature is a 
function of the alloy content of the steel, 
as shown in Table 11. 

TABLE 11. LOWER CRITICAL TRANSFORMATION 

TEMPERATURE, LCTT 

MATERIAL 

Carbon stee 
C -s ~ M O  .... 
T-11, T-12. 
T-22, T-3.. 
T-5 ........ 
T-7........ 
T-9........ 

TEMP., OF 

I.............. 
............... 
............... 
............... ............... ............... 
............... 

When failures occur at temperatures above 
the LCTT, the microstructure will reflect 
this peak temperature. When the tube finally 
fails the eruption of steam or water through 
the failure rapidly cools the steel to the 
temperatureof the steam or water. When the 
temperature is above LCTT, the microstructure 
will be rapidly cooled from the FCC lattice 
configuration to bainite as shown in Figure 3. 

- -  
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Figure 3. Bainite and ferrite 

Thus there are a couple of ways to estimate 
the peak metal temperature at the moment of 
failure. A) The hoop stress is about equal 
to the strength. Thus a calculation of stress 
from EQ 1 is equated with the tensile strength 
given in Table 11. B) For temperatures above 
the LCTT the mixtures of ferrite and bainite 
will indicate that the temperature was above 
LCTT . 

The causes of erumpent failures are rela- 
tively simple to enumerate. Any circumstance 
that totally or partially blocks the flow of 
fluid will lead to a rapid increase in metal 
temperatures. During start-up, condensate in 
a pendant superheater or reheater, for example, 
will allow little or no steam flow through that 
particular tube. Since there are many tubes 
within a superheater or reheater, steam will 
flow through all but the tube with condensate, 
That tube will be rapidly heated toward the 
flue-gas temperature and an erumpent failure 
will follow. For waterwall tubes, flame 
impingement will lead to an excessive heat-flux 
which will cause the formation of steam blan- 
kets on the water side. The steam blanket is 
an effective insulator and the tube tempera- 
ture will rise to failure in a short period of 
time. Corrosion wastage will lead to a thin- 
wall tube which will be able to tolerate less 
of a temperature rise. During start-up, for 
example erumpent failures will follow because 
the wall thickness has been reduced substan- 
tially. (See VOL. 11, No. 3 of this newslet- 
ter.) On rare occations there may be a defect 
in the electric resistance weld that would lead 
to reduced effective wall thickness and a 
wide-open burst would follow. Finally, foreign 
material may be left in the tube that effect- 
ively blocks the steam flow and leads to these 
high-temperature, erumpent failures, 
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