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I n t r o d u c t i o n  

b o i l e r s .  
F igu re  1 shows t h a t  es t ima ted  i n t r i n s i c  r a t e  o f  char  combustion can va ry  by a 
f a c t o r  o f  104 (1). The l a r g e s t  u n c e r t a i n t i e s  a r e  (2 ) :  

Factor  o f  

The r a t e  o f  coa l  combustion can, i n  some instances,  i n f l u e n c e  t h e  design o f  
The i n t r i n s i c  r a t e  o f  char  combustion i s ,  however, p o o r l y  known. 

Proper ty  Uncer ta in i  t y  
Sur face Area 100 
E f fec t i veness  Factor  50 
C a t a l y s i s  100 
Crys ta l  S t r u c t u r e  30 

Other u n c e r t a i n i t i e s  account f o r  l e s s  than a f a c t o r  o f  f o u r  i n  t h e  e s t i -  
mated i n t r i n s i c  r a t e  o f  coal  char  combustion. 

Changes i n  the  apparent r a t e  o f  char  combustion by a f a c t o r  o f  10 can i n f l u -  
An example o f  these changes f o r  a 660 ence the  p r e d i c t e d  performance o f  b o i l e r s .  

MWe b o i l e r  i s  shown i n  Table 1. These f i g u r e s  were c a l c u l a t e d  us ing  a w e l l  t e s t e d  
model o f  b o i l e r  performance (3) .  I nc reas ing  t h e  accepted apparent r a t e  constant  
by a f a c t o r  o f  10 p r e d i c t s  s l i g h t l y  improved performance, b u t  decreas ing t h e  ac- 
cepted r a t e  constant  by a f a c t o r  10 p r e d i c t s  severe ly  degraded and unacceptable 
b o i l e r  performance. 

Th is  paper assesses one of t he  major  u n c e r t a i n i t y  i n  es t ima t inq  i n t r i n s i c  
r a t e  constants , the i n f l u e n c e  o f  c a t a l y s i s  o f  t he  combustion r a t e  o f  coa l  char .  

M ine ra l  Ma t te r  
Minera l  ma t te r  con ta ined  i n  t h e  coal  could i n f l u e n c e  the  r a t e  o f  char  com- 

b u s t i o n  by b lock ing  p a r t  o f  t he  coa l  su r face  o r  by c a t a l y t i c a l l y  i nc reas ing  t h e  
r a t e  o f  combustion. F igu re  2 shows t h a t  t h e  measured r a t e  o f  combustion o f  p u r i -  
f i e d  nonpornus araphics i s  u n c e r t a i n  by l e s s  than a f a c t o r  o f  3. Th i s  i s  a smal l  
d i f f e r e n c e  compared t o  the  spread i n  the  o v e r a l l  r a t e  data and suggests t h a t  some o f  
t h e  s c a t t e r  i n  t h e  measured r a t e s  o f  coal  combustion a r e  caused by t h e  m ine ra l  
m a t t e r  i n  t h e  coal .  

B lock ing of the su r face  area o f  coa l  by ash i s  u n l i k e l y  t o  s i g n i f i c a n t l y  
change t h e  r a t e  o f  char  r e a c t i o n .  
d i c a t e  t h a t ,  except a t  h igh  l e v e l s  o f  burnout, much l e s s  t h a t  1 percent  o f  t h e  
su r face  area o f  char  w i l l  be blocked w i t h  ash p a r t i c l e s .  

Experiments have shown t h a t  small  amounts o f  c e r t a i n  meta ls  can acce le ra te  
t h e  r a t e  o f  char combustion (4,5,6,7,8,9). A number o f  anions and c a t i o n s  have 
been shown t o  acce le ra te  t h e  combustion o f  carbons a t  concen t ra t i ons  o f  10 t o  1000 
ppm. Table 2 shows t h e  r e l a t i v e  i n f l u e n c e  on t h e  combustion r a t e  o f  va r ious  
s a l t s  added as s o l u t i o n s  t o  p u r i f i e d  g raph i te .  R e l a t i v e l y  small  amounts o f  meta ls  
can acce le ra te  the  r a t e  o f  combustion by many orders o f  magnitude. 
appear i n  coal i n  s i g n i f i c a n t  concen t ra t i ons  which w i l l  acce le ra te  t h e  combustion 
of coal  are 1 )  sodium and 2)  calcium. 
t r a t i o n s  o f  100-6000 ppm and ca lc ium a t  concentrat ions o f  50-12,000 ppm. The in-  

Ca lcu la t i ons  f o r  a coa l  w i t h  25 percent  ash i n -  

Meta ls  which 

Sodium can be present  i n  coal  i n  concen- 
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fluence of re la t ive ly  minor levels O f  sodium on the combustion ra te  of graphite 
i s  shown in Figure 3. Addition of sodium to  a concentration of 15 ppm accelerates 
the reaction by one t o  two orders of magnitude; higher levels of sodium accelerate 
the reaction a t  a lower ra te .  Calculations show tha t  the sodium must be d is t r ibu-  
ted on nearly the molecular level t o  be e f fec t ive .  In addition, the influence o f  
ca ta lys i s  will be less pronounced a t  the higher temperatures of combustion where 
noncatalytic combustion proceeds much fas te r .  No data ex is t s  a t  these higher 
temperatures. The ava i lab le  data indicates t ha t  combustion of carbon i s  acceler- 
ated by u p  t o  two orders of magnitude by levels of sodium normally present in 
coals a t  temperatures only s l igh t ly  lower than combustion temperatures. 

Summary 

much as a fac tor  of 100. 
l ike ly  t o  increase the char combustion substantially a t  low temperatures. 
information is not available and work should be undertaken t o  assess the accelera- 
t ion  o f  char combustion by minerals a t  the temperatures of combustion. 

Minerals present in coal can accelerate the ra te  of char combustion by as 
Molecularly attached Sodium and Calcium Compounds a re  

However, 
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M e t a l  

Be 
B 
A1 
Ca 
mg 
Sr 
N i  
Cd 
Ba 
Na 
Au 
v 
cu 
Ag 
c s  
Mn 
Pb 

TABLE 2 INFLUENCE OF METALS ON THE RATE OF 
GRAPHITE COMBUSTION (9 )  

PPm 

120 
80 
70 

120 
120 
120 
150 
120 
120 
120 
120 
120 
120 
120 
120 
80 

130 

Re1 a t i  v e  
Reac t i  v i  t y  

1 
1 
3 
4 
6 

32 
. 90 

100 
230 
240 
340 
500 

1,340 
64,000 
86,000 

470,000 

a 
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Figure 1. Intrinsic Rate of Reaction o f  Chars 
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Figure 2'. Combustion Rates of Highly Purified 
Graphite (& 

Sodium Concentration (ppm) 

Figure 3:. Catalysis o f  Graphite Combustion 
by Sodium (9) 
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