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INTRODUCTION 

Our environment has cons tan t l y  been p o l l u t e d  by the combustion o f  
conventional f u e l s  l i k e  petroleum, coal and na tu ra l  gas. It i s  est imated t h a t  
about 88 m i l l i o n  tons o f  s u l f u r  d iox ide  gas (SO2) i s  discharged t o  the env i ron-  
ment due t o  the combustion o f  f o s s i l  f u e l s .  The Clean A i r  Act Amendment o f  
1977 set  an emission l i m i t  o f  1.2 l b  SO2 per  m i l l i o n  Btu o f  f u e l  combusted. 
Most bituminous coa ls  con ta in  3 t o  6 percent s u l f u r  as inorganic  o r  organic  
s u l f u r .  The ino rgan ic  s u l f u r  compounds a re  p r i m a r i l y  m e t a l l i c  s u l f i d e s ,  p y r i t e  
o r  marcasite and su l fa tes formed by the a i r  ox ida t i on  o f  m e t a l l i c  s u l f i d e s  (1,Z). 
The organic s u l f u r  i n  coal  i s  be le i ved  t o  be i n  the form o f  monosulf ide, 
d i s u l f i d e  o r  condensed thiophenes, benzothiophenes, dibenzothiophenes and 
thioxanthenes having vary ing r e a c t i v i t i e s .  Physical and chemical processes 
have been developed f o r  coal desu l fu r i za t i on ,  some o f  them operate a t  h i g h  
temperatures and are energy i n tens i ve .  Removal o f  organic  s u l f u r  by these 
processes i s  d i f f i c u l t .  Microbia l  d e s u l f u r i z a t i o n  o f f e r s  an e f f e c t i v e  means 
o f  precombustion s u l f u r  removal (3,4,5). 

Colmer and H ink le  (6 )  i d e n t i f i e d  T .  6ehhooxidans i n  a c i d i c  mine waters, 
Subsequent s tud ies  by Silverman et d. (7,8) confirmed t h a t  T .  6 m o o x i d a n s  
could be u t i l i z e d  t o  o x i d i z e  FeS2 i n  coal  i n  3 t o  4 days and the r a t e  o f  o x i d a t i v e  
d i s s o l u t i o n  was a f u n c t i o n  o f  the p a r t i c l e  s i z e  and rank o f  the coal .  
Ape1 (4 )  showed t h a t  a mixed c u l t u r e  o f  T .  demooxidam and T .  t k ioox idans  
was most e f f e c t i v e  a t  a pH o f  2 t o  2.5 when the n u t r i e n t  was enr iched w i t h  NH4. 
They repor ted 97% removal o f  p y r i t i c  s u l f u r  from a coal sample w i t h  3.1 weight 
percent s u l f u r .  
L e p t o n p M u m  6ennooxidan~ i n  mixed c u l t u r e s  w i t h  T .  t k ioox idans  was e f f e c t i v e  
f o r  FeS2 removal. 

of b a c t e r i a l  s t r a i n ,  N/P molar r a t i o ,  t he  p a r t i a l  pressure o f  CO2, the coa l  
source and the  t o t a l  r e a c t i v e  sur face area on the  r a t e  and ex ten t  of o x i d a t i v e  
d i s s o l u t i o n  o f  i r o n  p y r i t e  a t  a f i x e d  oxygen pressure. 
i z a t i o n  o f  h igh  p y r i t i c  s u l f u r  coal cou ld  be achieved i n  8 t o  12 days f o r  pu lp 
dens i t i es  o f  < 20%, and p a r t i c l e  s i z e  < 74 urn. The most e f f e c t i v e  s t r a i n s  o f  
T.  6 m o x i d &  were i s o l a t e d  from t h e n a t u r a l  systems and the most e f f e c t i v e  
n u t r i e n t  medium contained low phosphate :evels, w i t h  an optimal N/P molar  r a t i o  
o f  9O:l. 

Dugan and 

Nor r i s  and K e l l y  (9)  repor ted t h a t  another a c i d o p h i l l i c  bac te r ia ,  

Hoffmann et d. (10) conducted a parametric study t o  determine the e f f e c t  

The b a c t e r i a l  d e s u l f u r -  

MECHANISM OF MICROBIAL DESULFURIZATION 

The mechanism o f  m ic rob ia l  d i s s o l u t i o n  o f  p y r i t i c  s u l f u r  i n  coal by 
a c i d o p h i l i c  b a c t e r i a  has been thoroughly  i nves t i ga ted  (10,11,12). 
r e a d i l y  ox id i zed  by oxygen o r  the f e r r i c  i o n  r e s u l t i n g  i n  the fe r rous  s t a t e  as 
f o l  1 ows : 

The p y r i t e  i s  
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FeS2 + 3.5 02 + H20 + Fe++ + 25'37 + 2H+ 1) 

FeS2 + 2 Fe+* -+ 3Fe++ + 25 2)  

Thhb&L&A 6e~~kooridaULs derives energy by catalyzing the oxidation of the 
ferrous ions back t o  the f e r r i c  s t a t e  ( 1 2 ) :  

Fe++ + 1/4 02 + H+ + Fe+++ + 1 / 2  H20 3)  

Ferric su l fa te ,  a reaction product, reacts with FeS2 t o  form more ferrous 
sulfate which i s  again catalyzed by T.  6moox idav~d  t o  the f e r r i c  s t a t e .  

FeS2 + 14 Fef++ + 8H20 + 15 Fe++ + 2 SO1 + 16H+ 4)  

Elemental su l fur ,  likewise, i s  oxidized by T .  tkioddalzb forming su l fur ic  
acid. 

2s + 2 H20 + 302 + 4H+ + Z S O i  5 )  

The oxidation reactions are dependent on the microbial reactions with the 
end resu l t  of accelerating the transformation of FeS2 t o  ferrous su l fa te  
and  thus equation (1) precisely represents the overall reaction stoichiometry 
for  kinetic purpose. Other reactions provide the possible mechanistic 
pathways for the microbial pyr i t ic  dissolution. 

shake-flask type experiments and the major drawback cited against such a process 
has been t h a t  the r a t e s  of pyr i t ic  sulfur removal were not high enough to  
reduce the reactor s i ze  t o  a reasonable capacity (2,5). I n  th i s  study an 
attempt has been made to  determine the effectiveness of Tkiobacieeus ~ e ~ ~ k o o x i d a v l ~  
under simulated pipeline conditions for  pyr i t ic  sulfur removal. 
microbial desulfurization process i s  conducted under acidic environment, a n  
attempt has been made t o  determine the corrosion rates under dynamic conditions 
using I l l ino is  #6 and Indiana #3 bituminous coals and t o  investigate the effectiveness 
of a commercial corrosion inhibitor fo r  controlling the corrosivity. 

EXPERIMENTAL 

Coal Samples : 

The samples o f  I l l i no i s  #6 and Indiana #3 were obtained from the Amax 
Coal Company's Delta and Midwest mines and Ziegler Coal Company's mine in the 
Randolph County of I l l i no i s .  The pyr i t ic  sulfur content data on the coal 
samples is shown in Table I .  The samples were ground i n  a ball mill and then 
sieved to obtain the desired par t ic le  s ize  distribution. 

Most microbial desulfurization studies have been conducted in the laboratory 

Since the 

TABLE 1 

Bituminous Coal Samples and Their Pyrit ic Sulfur Content 

Coal Sample FeS? ( w t % )  

1. I l l i no i s  #6, Delta Mine 
(CS-1280-004) 
Amax Coal Company 
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2. Indiana #3, Ay rsh i re  Mine 
(CS-1180-007) 
Amax Coal Company 

3. I l l i f l o t s  #6, Randolph 
County, Z i e g l e r  Coal 
Company 

4. I l l i n o i s  #6 (C22024) 
H e r r i n  Coal, Northern 
I l l i n o i s ,  I l l i n o i s  S ta te  
Geol o j  i ca 1 Survey 

2.60 

4.20 

4.90 

The shake-f lask and two-inch pipe1 i n e  experiments were i n i t i a l l y  conducted 
wi th var ious p a r t i c l e  s izes;  such as: As Received, 417 t o  1651 urn, 208 t o  
417 vm, 147 t o  208 urn, and 43 t o  147 urn. However, f o r  d e t a i l e d  study a sample 
s ize,  74 t o  147 urn, was selected. 

M ic rob ia l  Procedures: 

A pure c u l t u r e  o f  Tkiobacieeus 6e~~ooxidavls obta ined from the  American Type 
Cu l tu re  C o l l e c t i o n  (ATCC) was used i n  t h i s  study f o r  t he  shake-f lask experiments 
and the  2-inch s l u r r y  p i p e l i n e  experiments. 
t he  fo l l ow ing  composit ion was used i n  these experiments: Fe(S04) . 7 H20 20 g / l ;  
(NH4) The m ine ra l  s a l t s  
were $ isso lved i n  d i s t i l l e d  water and the pH was adjusted t o  2.8 by a d d i t i o n  
o f  1 N  H2SO4. The medium was autoclaved a t  20 ps ia  f o r  one hour. The growth 
medium consis ted o f  s l u r r i e d  coal  samples cons is t i ng  o f  I l l i n o i s  #6 o r  Ind iana 
#3 as desired. 

A minera l  s a l t s  medium having 

SO4 0.8 g / l ;  KH2 PO4 0.4 g / l ;  Mg(S04) . 7 H20 0.16 g / l .  

A n a l y t i c a l  Procedures: 

The samples o f  bituminous coals  were analyzed f o r  p y r i t i c  s u l f u r ,  s u l f a t e  

The Eschka method was used 
s u l f u r  and t o t a l  s u l f u r  us ing conventional wet chemical procedures adapted from 
the  American Society o f  Tes t i ng  Ma te r ia l s  (13,14). 
f o r  the t o t a l  s u l f u r ,  and D-2494-79 was used f o r  s u l f a t e  and p y r i t i c  s u l f u r  
ana lys i s .  

The t r e a t e d  samples were f i l t e r e d  through a Whatman #2 f i l t e r  paper t o  
separate the coa l  p a r t i c l e s  from the  l i q u i d  medium. 
washed w i t h  0.1 N HC1 fo l l owed  by d i s t i l l e d  water t o  remove t races o f  absorbed 
s u l f a t e  and i r o n .  

The t o t a l  s u l f u r  content  o f  t h e  coal samples was determined by the  Eschka 
method. The s u l f a t e  s u l f u r  content  o f  t he  t e s t  samples was determined by 
e x t r a c t i o n  o f  a one gram sample w i t h  d i l u t e  hyd roch lo r i c  a c i d  fo l lowed by 
t u r b i d i m e t r i c  determinat ion o f  s u l f a t e  (13). 
determined by e x t r a c t i o n  o f  t he  weighed coal  samples w i t h  2N n i t r i c  a c i d  fol lowed 
by t i t r i m e t r i c  o r  atomic absorpt ion determinat ion o f  i r o n  i n  the  e x t r a c t  (14). 

Laboratory  Corrosion Test: 

coal  s l u r r y  used i n  t h i s  study was adapted from the method developed by Bomberger 
(15). The co r ros ion  r a t e s  were determined by us ing ASTM Standard Corros ion Test, 

The f i l t e r e d  sample was 

The p y r i t i c  s u l f u r  content  was 

The labo ra to ry  t e s t  procedure f o r  t he  determinat ion o f  corros ion r a t e s  of 
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a l s o  known as To ta l  Inmersion Method (16). 
o f  keeping coa l  s l u r r y  i n  suspension i n  a t w o - l i t e r  reac t i on  vessel a t  a 
constant temperature. 
weight l oss  o f  s t e e l  coupons suspended i n  the r e a c t i o n  vessel o r  by the  use o f  
corrosometer probe over a 24 t o  72 hour period. 
coupons i s  a measure o f  t he  co r ros ion  ra tes  expressed as Inch Per Year (IPY). 
I n  the case o f  corrosometer probe, i t  i s  i n i t i a l l y  c a l i b r a t e d  by means o f  a 
weight loss measurement. 

The Bomberger technique cons is t s  

The co r ros ion  r a t e s  a re  determined e i t h e r  by actual  

The weight l oss  o f  s t e e l  

The ASTM Corros ion Test  procedure by To ta l  Immersion Method requ i res  t h a t  
a l l  specimen i n  a t e s t  se r ies  should have the  same dimensions when comparisons 
a r e  t o  be made. 
p i p e l i n e  ma te r ia l .  The coupons were cleaned, po l i shed  and weighed. Coal-water 
s l u r r y ,  10 t o  40 we igh t  percent  was used i n  the  co r ros ion  tes ts .  
were immersed i n  t h e  r e a c t i o n  vessel maintained a t  a constant  temperature o f  
86OF f o r  72 hours or  t h e  s p e c i f i e d  time. The coupons were removed, washed w i t h  
deionized water, d r i e d  and weighed. The l o s s  i n  weight  o f  t he  specimen, before 
and a f t e r  t he  t e s t  was a t t r i b u t e d  t o  corros ion.  From the weight l o s s  data, 
t h e  corros ion r a t e s  were ca l cu la ted  as Inch Per Year (IPY) and a l s o  as gram 
p e r  square cen t ime te r  pe r  year. (g/cm2. yea r ) .  

RESULTS AND OISCUSSION 

1. 

t o  determine t h e  i n f l u e n c e  o f  process va r iab les  on the r a t e  and ex ten t  o f  p y r i t i c  
s u l f u r  re lease f rom the  coa l  samples i n  shake- f lask experiments us ing  a mechanical 
shaker. No at tempt  was made t o  opt imize the minera l  s a l t s  medium composit ion 
s ince the i n f l u e n c e  o f  NHi,  N/P molar r a t i o  and t h e  n i t rogen  requirements f o r  
t h e  growth o f  T .  ,jcw~ooxiduvld have been thoroughly  i nves t i ga ted  by o t h e r  workers 
(4,7,8,10). A minera l  s a l t s  medium w i t h  the  composit ion described e a r l i e r  i n  
t h e  M ic rob ia l  Procedures s e c t i o n  was used i n  a l l  t h e  experiments w i t h  T. 6 m o o x -  
i d m .  

p a r t i c l e  s izes:  As Received, 417 t o  1651 urn, 147 t o  208 urn, < 147 urn. Coal/ 
water s l u r r i e s  (10 w t % )  made from t h e  s t e r i l i z e d  coal  samples i n  minera l  s a l t s  
medium were i nocu la ted  w i t h  a s t r a i n  o f  T .  ~e~~~oox i .duy16  and were subjected t o  
mechanical shaking from th ree  t o  twelve days. A t  t he  end o f  t he  des i red  t e s t  
per iod,  3, 6, 9 o r  12 days, the coal  samples were f i l t e r e d ,  thoroughly  washed 
w i t h  deionized water and analyzed f o r  p y r i t i c  s u l f u r  content .  The data was 
p l o t t e d  as m g / l i t e r  o f  p y r i t i c  s u l f u r  realeased as a f u n c t i o n  o f  t ime  as shown 
i n  Figure 1 f o r  a coa l  sample o f  I l l i n o i s  #6 from t h e  Ze ig le r  Coal mine. The 
data shows a maximum reduc t i on  i n  p y r i t i c  s u l f u r  content  was achieved w i t h  < 147 
wm (-100 mesh) p a r t i c l e  s ize,  the average r a t e  be ing 377.4 m g / l i t e r  x day du r ing  
t h e  n ine day o x i d a t i o n  pe r iod  versus 199.0 mg/l i t e r  x day f o r  the 417 t o  1651 
um (-10 t o  +35 mesh) p a r t i c l e s .  Indiana #3 coal  f rom the Ay rsh i re  mine exh ib i t ed  
s i m i l a r  trends, t h e  average p y r i t i c  ox ida t i on  r a t e  being 291.1 m g / l i t e r  x day for  a 
147 t o  417 wn p a r t i c l e s  over  an e i g h t  day pe r iod  w i t h  T .  ~eturo0x.b.fam~. 

2. 

In  these experiments, carbon s t e e l  was used rep resen t ing  t h e  

Specimens 

Shake-Flask Experiments w i t h  T k i o b a U u d  F w o d d a m .  
A l i m i t e d  number o f  experiments were conducted us ing T k i o b a U u d  & W L O O ~ M  

A number o f  samples o f  pu l ve r i zed  coals  were used having the f o l l o w i n g  

Two-Inch S1 u r r y  Pipe1 i n e  Experiments: 
(a )  S l u r r y  P i p e l i n e  System. 

A two-inch PVC p i p e l i n e  loop, 60 f e e t  i n  l eng th ,  was i n s t a l l e d  on a l abo ra to ry  
w a l l  and a 2 horsepower p o s i t i v e  displacement type Gould pump, Model 3196 was 

L 

\ 
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incorporated i n  the  f l o w  system. 
va r ied  from a low o f  2 f t / s e c  t o  15 f t / s e c .  
r e c i r c u l a t e  coal /water  s l u r r y  through an open drum where a i r  was bubbled i n  
the  l i n e .  A copper c o o l i n g  c o i l  was immersed below t h e  s l u r r y  l e v e l  i n  the 
drum fo r  r e c i r c u l a t i n g  c o l d  water through the medium i n  order  t o  remove heat 
from the system. The f l o w  r a t e  i n  the  p i p e l i n e  was monitored by the use of 
a Polysonics f l o w  meter, model UFM-P. 
operation. The c r i t i c a l  v e l o c i t y  f o r  f l ow  o f  s l u r r i e s  i n  the p i p e l i n e  was 
ca l cu la ted  us ing  a c o r r e l a t i o n  developed by Oroskar and Turian (17). The 
c r i t i c a l  v e l o c i t y ,  def ined as the minimum v e l o c i t y  needed t o  keep the  coal 
p a r t i c l e s  susoended i n  the l i q u i d  medium, was ca l cu la ted  t o  be 5.5 f t / sec  
f o r  a 50 w t %  coal/water s l u r r y  f o r  t h e  two inch  l abo ra to ry  p i p e l i n e .  

The f l ow  r a t e  through the p i p e l i n e  could be 
The system was designed t o  

The equipment was capable o f  continuous 

( b )  P a r t i c l e  Size D i s t r i b u t i o n  
A 6.6 w t %  s l u r r y  cons is t i ng  o f  Ind iana #3 bituminous coal w i t h  60.5% of 

417 t o  165 pm and 39.5% o f  147 t o  417 pm p a r t i c l e s  was r e c i r c u l a t e d  through 
the  p i p e l i n e  loop f o r  6 hours a t  5.6 t o  5.8 f t / s e c  a t  85-95'F us ing deion ized 
water f o r  preparat ion o f  the s l u r r y .  
coal p a r t i c l e s  were f i l t e r e d ,  d r i e d  and sieved t o  determine the p a r t i c l e  s i z e  
d i s t r i b u t i o n .  The data f o r  f i n a l  s i z e  d i s t r i b u t i o n  o f  the s l u r r i e d  coal  i s  
shown i n  Table 11. 

A t  the conclus ion o f  t he  experiment, t h e  

TABLE I1 
S l u r r y  Recirculat-aboratory P ipe l  ine 

Ind iana #3 (Ay rsh i re )  
(6.6% w t %  s l u r r y  i n  
deionized water)  

417 t o  1651 pm, 60.5% 

147 ' to  417 pm, 39.5% 

Flow Rate: 
Temperature: 
Run, Hours: 

! 

5.6 t o  5.8 f t j s e c  

6 
85-95OF 

F ina l  P a r t i c l e  Size D i s t r i b u t i o n  
P a r t i c l e  S ize Percent 
t1651 pm 0.62 
-1651 t o  +417 um 4.69 
-417 t o  +147 pm 
-147 t o  +74 pm 
-74 pm 

40.45 
39.40 
14.79 

( c )  M ic rob ia l  D e s u l f u r i z a t i o n  Experiments i n  t h e  Two-Inch Pipel  i ne .  
I l l i n o i s  #6 (Del ta  Mine) and Indiana #3 (Ay rsh i re  Mine) bituminous coa ls  

were used i n  the s l u r r y  p ipe d e s u l f u r i z a t i o n  experiments us ing T .  6 m 0 0 ~ L d a n 6  
f o r  i nocu la t i ng  the  coa l jwa te r  s l u r r y  used i n  these experiments. A 10 w t %  
coal/water s l u r r y  was prepared us ing deionized water and the minera l  s a l t s  
medium described e a r l i e r ,  t he  coal  p a r t i c l e  s i z e  range was from 147 um t o  1981 
urn. The s l u r r y  f l o w  r a t e  was kept  a t  6 t o  6.2 f t / s e c ,  and the temperature i n  
the  system was c o n t r o l l e d  by r e c i r c u l a t i n g  c o l d  water through the copper c o o l i n g  
c o i l s  i n  the s l u r r y  drum. Dup l i ca te  samples o f  coal s l u r r y  were taken once a 
day f o r  the determinat ion o f  p y r i t i c  s u l f u r  content  i n  the s l u r r y .  
was continued f o r  seven days w i t h  r e c i r c u l a t i o n  o f  t he  s l u r r y  through the 
p i p e l i n e  system f o r  8 hours/day. 
i s  shown i n  Table 3, and the  r a t e  o f  p y r i t e  d e s u l f u r l z a t l o n  IS shown I n  F lgure 
2. 

The experiment 

The experimental data w i t h . I l l i n o i s . # 6  (De l ta )  

The d e s u l f u r i z a t i o n  r a t e s  i n  the s l u r r y  p i p e l i n e  experiments and the  
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laboratory shake-flask experiments a re  i n  good agreement. 

Indiana #3 (Ayrshire) coal in deionized water as a 25 w t %  s lur ry .  
process variables were carefully controlled: 
temperature, 70-90°F, and pH, 2.5-2.8. 
days and the s lur ry  samples for pyrit ic sulfur determination were taken daily. 
The desulfurization ra tes  w i t h  Indiana # 3  coal in the pipeline experiment 
a re  shown in Figure 4 and are in good agreement with the laboratory data 
and the resu l t s  with I l l i no i s  #6 coal. 
experiments, the ra te  of desulfurization of bituminous coals i s  d i rec t ly  
proportional to the  pyr i t ic  sulfur content and the par t ic le  s ize  of the coal 
sample. 

3. Corrosion Test Results: 

slurry w i t h  147 t o  417 um coal par t ic les .  The corrosion rates ranged from 
1.223 X IPY fo r  I l l i no i s  #6 t o  1.272 X lo-* IPY f o r  Indiana #3 coal 
slurry consisting o f  40 weight percent each coal. 

t o  the coal/water s lur ry  increased the corrosion rates f o r  both the coals 
tested. 
presence of T .  &ntooxiLida~~6 in s a l t  medium with 10 weight percent s lur ry  of 
I l l ino is  #6 ranged from 4.2  X 
However, the introduction of up to  10 ppm of a commercial corrosion inhibitor,  
Calgon T G-10, inhibited the corrosion ra tes  with I l l i no i s  #6 and Indiana #3 
coals t o  very low levels approaching those obtained with the deionized water. 
Black Mesa pipeline has used th i s  corrosion inhibitor on a regular basis with 
very sa t i s fac tory  resu l t s .  

CONCLUSIONS 

Another s lur ry  pipeline desulfurization experiment was conducted using 

flow ra tes  6-6.5 f t / s ec ,  
The experiment was continued f o r  14 

The other 

As observed in the laboratory 

The corrosion ra tes  were determined using a 10 w t %  t o  40 w t %  coal water 

The addition of T .  6em00xidan4 in s a l t  medium a t  the desired concentration 

The corrosion rates for 72-hour and 500-hour experiments in the 

IPY t o  1.41 X lo-' IPY respectively. 

About 80 t o  85% pyr i t ic  sulfur removal has been achieved by microbial 
desulfurization of I l l i no i s  #6 and Indiana #3 coals us ing  Tkioba&w 6a~roo~Lidann 
i n  laboratory shake-flask experiments and in a two-inch pipeline loop. 
10 t o  25 wt% coal/water slurry was recirculated a t  6-7 f t / s ec  fo r  5 t o  12 days 
a t  70-90°F. Results a l so  show that the rates of bacterial desulfurization are 
higher in the pipeline loop under turbulent flow conditions for  par t ic le  sizes,  
43 t o  200 urn as compared t o  the shake-flask experiments. I t  i s  visualized t h a t  
the proposed coal s lur ry  pipelines could be used as biological plug flow reactors 
under aerobic conditions. The laboratory corrosion studies show that use of 
a corrosion inhibitor will l imi t  the pipeline corrosion rates to  acceptable 
1 evels. 
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TABLE 3 

- DAYS PYRITIC SULFUR, WT% 

0 1 .70  
1 
2 
3 
4 
5 
7 

1.45 
1.13 
0.80 
0.60 
0.48 
0.41 

SLURRY FLOW RATE: 6 t o  6.2 FT/SEC 

COAL PARTICLE SIZE: 147 urn t o  1981 urn 
pH OF SLURRY: 

SLURRY TEMPERATURE: 7O-9O0F 

2.5 t o  2.8 

1 

. ,  

\ 
# 

1 

SLURRY PIPELINE DESULFURIZATION 
COAL/WATER SLURRY ( 1 0  WT%) 

I L L I N O I S  #6 BITUMINOUS COAL (DELTA MINE) 
(TI7hbacieeuh 6ennoox idm)  

DAYS 

0 
A 
5 
7 
9 

11 
12  
1 3  

PYRITIC SULFUR 
REDUCTION, % 

0.00 
14.7  
33.5 
52.9 
64.7 
72.0 
76.0 

RATE OF DESULFUR- 
IZATION 
MG/LITER X DAY 

0.00 
257.35 
293.26 
308.82 
283.08 
251.17 
189.70 

TABLE 4 

SLURRY PIPELINE DESULFURIZATION 
COAL/WATER SLURRY (25  WT%) 

INDIANA # 3  BITUMINOUS COAL (AYRSHIRE MINE) 
( T k i o  baoieeLL6 6m00x. ida~6 ) 

RATE OF DESULFUR- 
PYRITIC SULFUR IZATION 

PYRITIC SULFUR, WT% REDUCTION, % MG/LITER X DAY 

2.58 
1.75 
1.55 
1.82 
1.03 
0.645 
0.516 
0.52 

SLURRY FLOW RATE: 6 FT/SEC 

COAL PARTICLE SIZE: 147 urn t o  1981 prn 
SLURRY TEMPERATURE: 70-90°F 

pH OF SLURRY: 2.5 to 3.0 

0 
32 
40 
30 
6 0  
75 
8 0  
80 

292.26 
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