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The evo lu t i on  o f  s u l f u r  species du r in  
IBC-109 (1.13% su l fu r ,  0.42% chlor ine7 o f  the I l l i n o i s  Basin Coal Sample Program 
has been stud ied us ing a pyrolysis-combustion apparatus i n  con junc t i on  w i t h  a 
quadrupole gas analyzer (QGA). 
i nves t i ga tes  the  r o l e  o f  s u l f u r  and ch lo r i ne  i n  coal i n  b o i l e r  corros ion.  A 
b e t t e r  understanding o f  the behavior o f  these elements i n  coal  dur ing combustion 
may he lp  e luc ida te  the mechanism o f  b o i l e r  corrosion. The experimental condi t ions 
are designed t o  s imulate the formation o f  s u l f u r  compounds du r ing  coal combustion. 

The pyrolysis-combustion apparatus used w i t h  the QGA t o  study the  re lease o f  gases 
from coal i s  capable o f  heat ing the coal sample from the  ambient t o  about 850 C a t  
d i f f e r e n t  heat ing rates. 
f l ow  c o n t r o l l e r ,  two s p l i t - t u b e  furnaces, a programmable temperature c o n t r o l l e r .  
50-pm c a p i l l a r y  tub ing connecting a Dycor QGA t o  the p y r o l y s i s  system, and a 
microcomputer (Fig. 1). Approximately 0.5 gram o f  coal i s  heated nonisothermally 
under a c o n t r o l l e d  atmosphere ( a i r ,  nitrogen, oxygen, o r  o t h e r  gases) i n  the 
quartz-tube reac to r  which consis ts  o f  two consecutive chambers. The coal i s  
pyrolyzed i n  the  f i r s t  chamber under a n i t rogen atmosphere and the  v o l a t i l e  
products are c a r r i e d  t o  the  second chamber where they are combusted a t  850°C under 
a constant f l o w  o f  oxygen. The gaseous products are sampled through the  c a p i l l a r y  
tube and monitored w i t h  a quadrupole gas analyzer. The d i f f e r e n t  gaseous species 
are determined i n  the QGA by moni tor ing the atomic mass associated w i t h  d i f f e r e n t  
species, such as mass 64 f o r  SO, and 44 f o r  CO,. 
temperature c o n t r o l l e r  are t ransmi t ted t o  a microcomputer and s tored as ASCII 
f i l e s  on the hard d isk.  

The re lease o f  s u l f u r  compounds from the coal was monitored as t h e  temperature was 
increased from the ambient t o  850°C a t  a heat ing r a t e  o f  50°C/min. S u l f u r  d iox ide  
(SO,) was released from coal IBC-109 p r i m a r i l y  between 250° and 65OoC (Fig. 2). 
The SO, p r o f i l e  showed a small i n i t i a l  release o f  s u l f u r  between 250' and 400 C 
fo l lowed by a main peak between 400' and 550°C w i t h  a maximum a t  51OoC. and then 
by a small  peak c lose t o  625'C. The main SO, peak i s  associated w i t h  the  release 
o f  v o l a t i l e  ma t te r  from the coal. The smaller h igher  temperature peak i s  probably 
associated w i t h  the release o f  p y r i t i c  The i n i t i a l  small  broad peak o f  
SO, i s  unusual r e l a t i v e  t o  other  SO p r o f i l e s  from I l l i n o i s  coals, bu t  may be 
c h a r a c t e r i s t i c  o f  t h i s  sample. Periaps there i s  a s i g n i f i c a n t  amount o f  weakly 
bonded organic  s u l f u r  compounds which are released i n  the  i n i t i a l  v o l a t i l i z a t i o n  

When t h e  combustion atmosphere was changed t o  a reducing condi t ion,  gaseous COS 
and H,S were detected. Figure 3 compares the p r o f i l e s  f o r  SO, and COS under an 
o x i d i z i n g  cond i t i on  where the excess oxygen concentrat ion i n  the  combustion 
chamber never f e l l  below 5 percent (Run 3) t o  where a reducing cond i t i on  occurred 
i n  the  combustion chamber dur ing the major release o f  v o l a t i l e s  (Run 4). An 

combustion o f  p y r o l y s i s  v o l a t i l e s  from coal 

This work i s  p a r t  o f  an on-going p r o j e c t  which 

Major components inc lude a quar tz  tube reactor .  a gas 

The data from t h e  QGA and 

o f  IBC-109. 
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obvious peak was obtained f o r  COS i n  Run 4. The H,S 
comprehend because of the presence of oxygen isotope 16 i n  the  oxygen flow. The 
combination of and 160 gives  a mass of 34 f o r  oxygen (1s0180). the same as  H,S. 
T h u s  t h e  p r o f i l e  of mass-34 wi l l  mimic t h a t  of 0, (mass 32) .  
t h e  oxygen (mass 32) wi l l  drop t o  background leve ls  a s  wil l  t h e  l6O1&0 p r o f i l e  
(mass 34). Figure 4 shows t h i s  e f f e c t  f o r  masses 32 and 34 of a blank r u n  where 
t h e  oxygen flow was s h u t  off  between 400' and 625'C. 
reducing condi t ion,  a peak should occur i n  the  mass-34 p r o f i l e  during the period 
of 0, deplet ion.  
34, obtained when the 0, was consumed during t h e  experiment. The H2S. peak is  
observed i n  t h e  trough of the  mass-34 prof i le .  As the  r a t e  of  v o l a t i l e  gases 
re leased from the coal sample decreases, the  0, concentration i s  no longer 
completely consumed and the  reduced gas species  disappear. 

For this high-chlorine coal ,  we a l s o  attempted t o  monitor the evolution of HCl gas 
(mass 36) with QGA. Only a very weak peak was obtained f o r  mass 36 during 
complete combustion w i t h  s u f f i c i e n t  oxygen however, when the combustion atmosphere 
was under a reducing condition, a b e t t e r  gas re lease  p r o f i l e  was obtained f o r  the 
species  o f  mass 36. This improved p r o f i l e  of mass-36 i s  probably not due t o  HCl. 
W i t h  t h e  occurrence of H,S under the  reducing condition, the  enlarged peak of mass- 
36 (Fig. 5) i s  most probably a r e s u l t  o f  the  presence of the na tura l ly  occurring 
heavy s u l f u r  isotope 34S in  the  hydrogen s u l f i d e  (H,%. t o t a l  mass = 36). 

Thus ,  the  s u l f u r  species  formed in the combustion gas a r e  control led by t h e  
oxidizing condi t ion i n  the  combustion chamber. 
s u l f u r  dioxide (SO?) is  the predominant s u l f u r  species  observed during combustion 
of pyrolysis  v o l a t i l e s .  In some o f  t h e  experiments, during t h e  major re lease  of 
vo la t i les .  between 450" and 55OoC. a l l  oxygen in the pyrolysis  system was consumed 
and a reducing condition occurred which resu l ted  in  the detect ion of addi t ional  
s u l f u r  spec ies  (COS and H,S). 

This work has been sponsored by the I l l i n o i s  Department of Energy and Natural 
Resources through i t s  Coal Development Board and Center f o r  Research on Sul fur  in 
Coal, and the U.S.  DOE. 
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F igure  1. The experimental setup o f  a temperature-programmed pyrolys is-  
combustion system i n  conjunction w i t h  a quadrupole gas analyzer .  

740 



1 

m 
c, 

E 

I-' 

U 
E 

U 

m 

N 

U 
X 

e 

L 
W 
U c 3 

vl 

.r 

.r 

.r 

.r 

.r 

m m 
E 

c, 
vl 3 

.C 

n 
5 
U 

E 
.r - 
0 
0 4 

X .  
-E .- ONE 
730 E O  m1v) 

NLC 0 0  V 

Lcc ,  

O Z  
W m  - c  
++.I 

o m  L U  

.r .r 

N 
W 

x rn 
U 
.r 

741 



142 



rc 
0 

'4 
0 

Lo 
0 

3 
0 

m 0 

Y- 
Lc 0 

W 

c VI 

VI 

a 

m 

z 
ON 

7 

q_ 

W 

aJ 2z 

c 
L 
x 
E 
m 
n 
m 
m 

7 

E 

L a V 

0 0 

.r 

h 

3 

X - 
-3 P3 

U E 

-; 
29, 

N 
VI- 
W 
VIV 
V I E  m m  

E o  
-0 
0 0  U 

Y) 
W E  
- 0 )  
'r w 
-3: 
O W  
L W  n- 

d 

W 

a 

LL 

m 
.r 

743 



I I I I I I I I I I I I I I I I I  

744 


