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Section 1 

'INTRODUCTION 

. . 
Slagging of u t i l i t y  steam generator furnaces while f i r i n g  Eastern Bituminous 

coals  has been a t t r i b u t e d  t o  t he  p y r i t i c  i ron in  t he  coal ash. Invest igators  

have a l s o  learned t h a t  coals  w i t h  s im i l a r  p y r i t i c  l eve l s  f i r e d  i n  furnaces" of 

s im i l a r  design do not always produce t h e  same degree of slagging.  Since 

separat ion of py r i t e  from o ther  mineral matter  does occur in  some coals' and 

s ince  t he  physicochemical behavior upon heating t he  py r i t e  and py r i t e  mixed 

w i t h  o ther  mineral matter  o r  coal may be 'qu i te  d i f f e r e n t ,  t he  degree of 

furnace slagging may possibly be a t t r i .buted t o  t he  s i z e  and o r i en t a t i on  of 

t h e  py r i t e  i n  coal i n  addi t ion t o  i t s  concentrat ion 1 eve1 . 

The ob jec t ive  of t h i s  program i s  t o  examine s lags  formed as  a r e s u l t  of 
' 

f i r i n g  coals  with varying concentrat ion l eve l s ,  s i z e  d i s t r i b u t i o n ,  and 

o r i en t a t i on  of py r i t e  with regard t o  mineral matter  in the  'coal in  a 1 aboratory 

furnace. 

The program tasks  a re :  
. . 

Task 1 -- Select ion of e igh t  candidate coals  
. . 

Task 2 -- Chemical charac te r iza t ion  of the  coal samples and i d e n t i f i -  
ca t ion of t h e  py r i t e  s i z e ,  d i s t r i b u t i o n ,  and o r i en t a t i on  with 
respect  t o  o ther  mineral matter  and concentrat ion 1 eve1 s 

Task 3 -- Testing of t he  candidate coals  in a laboratory furnace 

Task 4 -- Chemical and physical charac te r iza t ion  of t he  s lag  and f l y  
ash samples created by t he  impuri t ies  in  t h e  coal sample 



Task 5 -- I n f l u e n c e  o f  coal  b e n e f i c i a t i o n  on fu rnace s lagg ing  

Task 6 -- A n a l y s i s  o f  da ta  and i d e n t i f i c a t i o n  o f  parameters i n f l u e n c i n g  
t h e  c o n t r i b u t i o n  o f  p y r i t e  t o  s l  agging problems 

Work was t o  beg in  on c h a r a c t e r i z i n g  t h e  minera l  con ten t  of t h e  remain ing two 

c o a l s  o f  t h e  o r i g i n a l  s u i t e  o f  e i g h t  coa l s  t o  be tes ted .  Combustion t e s t s  

were t o  be performed on each coal and t h e  depos i t s  generated were t o  be 

anaTyzed. A t h i r d  combust ion t e s t  was t o  be performed on a coal  blended w i t h  

p y r i t e s  t o  determine t h e  impact o f  t h e  we igh t  percent  o f  l i b e r a t e d  p y r i t e s  on 

s lagg ing .  U n f o r t u n a t e l y ,  t h e r e  was a c o s t  overrun,  p r i m a r i l y  due t o  excessive 

c o s t  o f  f u e l  s e l e c t i o n ,  a t  t h e  beginning o f  t h e  c o n t r a c t .  The scope of work 

desc r ibed  above represents  t h a t  p o r t i o n  o f  t h e  o r i g i n a l  scope n o t  covered by 

t h e  o r i g i n a l  budget. Del ays i n  approval o f  fu r id i  ng 'the uncompl e ted  p o r t j o n  

o f  t h e  o r i g i n a l  scope o f  work prevented f u r t h e r  progress on t h e  c o n t r a c t .  

Whi le  a w a i t i n g  approval  o f  f u r t h e r  funding,  two coa ls  were se lec ted  by FWDC 

and purchased by  DOE. The a n a l y s i s  o f  t h e  two f u e l s ;  i . e . ,  I l l i n o i s  No. 5 

Gal 1 a t i  n  County, I1 1 i n o i s  and Lower K i t t a n i n g  C l a r i o n  County, Pennsylvania, 

appear i n  Tab1 es 1 and 2. 

Examinat ion of t h e  morphology o f  fu rnace s l a g  depos i ted  i n  t h e  100 1 b /h r  . 

combustor, as we1 1 as i n d u s t r i a l  furnace,  revea led  reoccu r ing  c r y s t a l s  o f  i r o n  

o f  p y r i t e  o r i g i n  on t h e  su r face  o f  t h e  depos i t ,  as shown i n  F igures  1 through 

4. The cub ic ,  octahedron and cubic/octahedron c r y s t a l s  a re  s i m i l a r  i n  s i z e  

and s t r u c t u r e  t o  p y r i t e  c r y s t a l s  o c c a s i o n a l l y  found i n  coa l .  T h e i r  o r i g i n  as 

pseudomorphs o r  c r y s t a l s  formed d u r i n g  combustion cou ld  g i v e  some i n s i g h t  as 

t o  t h e  method o f  t r a n s p o r t  t o  t h e  sur face.  Therefore,  t h e r e  appears t o  be 



some mer i t  i n  character iz ing the morphology o f  py r i t es  w i t h i n  the coal . 
Samples o f  I l l i n o i s  No. 5 and Lower K i t tan ing  coals were examined i n  the raw 

and pol ished s ta te  using SEM and EDAX analysis. 

Figures 5, 6, 7, 8 and 9 i l l u s t r a t e  several types o f  mtneral forms found i n  

Ill i n s i s  No. 5 and Lower K i t tan ing  Clar ion County, Pennsylvania coal. The 

photomicrographs o f  the I l l i n o i s  No. 5 coal i l l u s t r a t e  small p y r i t i c  ve in le ts  

and f rac tu re  f i l  I i ng  perpendicular t o  the coal layers. w i th in  the coal 1 ayers 

are bands o f  mineral p a r t i c l e s  4 ~ s  and less i n  size. Each p a r t i c l e  i s  a 

d isc re te  mineral specie; thus, s i l  ica, kaol i n i  te ,  pyr i tes,  etc. The f rac ture  
- .  

f i 1 1 i ng perpendi &,ilhr' t o  the coal 1 ayers are frequent1 y f i 1 1 ed w i th  pure 

ca l c i t e .  Py r i t e  l i n e s  e i t h e r  s ide o f  the c a l c i t e  a t  the in ter face.  This 

p y r i t e  i s  forced t o  the  f rac tu re  surface dur ing the coal i f i c a t i o n  process. 

No c r y s t a l l i n e  f o m s  o f  py r i t es  were uncovered i n  the I l l i n o i s  coal. 

A1 though c rys ta l  l i n e  forms o f  py r i t es  are not general l y  found i n  high' sul f u r  

coal , 1 arge bands o f  cubi c/octahedron c rys ta ls  were uncovered i n  t h e  Lower 

K i t tan ing  Clar ion County coal, i l l u s t r a t e d  i n  Figure 4. On a t  l eas t  one 

occasion, t h i s  coal was responsible f o r  i r o n  enriched deposits on the con- 

vect ion pass tubes. All coals are now being examined petrographical ly f o r  

mineral forms. 

Mineral analysis on a l l  bulk and f ract ionated coal samples o f  the 'coal tested 

to-date are being performed by Drs. Cecil  and Dulong o f  the  United States 

Geological Survey i n  Reston, V i rg in ia .  Table 3 summarizes the resu l t s  com- 

p l  eted to-date. 

Figure 10 i s  the revised milestone schedule and status repor t  as o f  March 1984. 



Mag. 3000X 

Cubic Crysta ls  

Hag. lOOOX 

Mag. 3000X 

P y r i t e  Derived 
Agglomerates 

Assorted Octagonal 
Crysta ls  

FIGURE 1 Morphology o f  Various Types of I ron  Crystals and P a r t i c l e s  
Deposited on Slag Surface 
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FIGURE 2 EDAX Scan of Various Types of Iron Crystals and 
Part icles Deposited on Slag Surface 
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FIGURE 3 Assorted P y r i t e  Der ived C r y s t a l s  Formed i n  Gas Pores and on 
t h e  Slag Depos i t  Sur face 
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Formed i n  Gas Pores and on the Slag Deposlt Surface 



FIGURE 5 SEM Microphotographs o f  Various Forms o f  Pyr i tes ,  Quartz  and C a l c i t e  i n  I l l i n o i s  No. 5 
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FIGURE 8 Lower Ki t t a n i  ng Pennsyl vani a Coal Showi ng Cubi c-Octahedron Crystal s 
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FIGURE 9 EDAX Scan o f  Pyrites i n  Lower Kittansing Coal 
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T A B L E  1 . 

FUEL ANALYSIS - ILLINOIS NO. 5 

FOSTER UHEELER DEVELOPMENT CORPORATION 

FUEL ANALYSIS  

SAHPLE DESCRIPTION:  I l l i n o i s  NO-5 G a l l a t i n  Co I l l i n o i s  

CH6RCE NO. 9-41-3210-RZ70 DATE 4-18-84 LAB. REF .NO .. 840303 

A I R  DRY LOSS,% M i l  E O U I L I B R I U H  HOISTURE,X 

A s  R e c ' d  D r y  ---------- ----- 
PROXIHATE ANALYSIS  R E A C T I V I T Y  INDEX Deg.  C  

A C T I V A T I O N  ENERGY c a l / g - a 0 1  
F i x e d  C a r b o n  41.37 43.43 

V o l .  H a t t e r  30 .51  32 .03  

A s h  . 23.38- 24.54 HARDGROVE INDEX 

M o i s t u r e  

T o t a l  

'4.74 

109.00 100.08 FREE SUELL ING INDEX 

U L T I H A T E  ANALYSIS  

C a r b o n  58 .22  61 .12  SPEC. GRAV. 

H y d r o g e n  3.63 3 .81  

O x y g e n  5.85 9.30 V I S C O S I T Y  

N i t r o g e n  

S u l f u r  

A s h  

H o i s t u r  e  

23.38 24 .54  

4.74 ASH FUSION TEMPERATURE, Deg. F 

~ o t a  1 109.00  109.00 Red.  O x i d .  

I n i t i a l  D e f o r m .  2030 2200 

S u l f a t e  S 

P y r i t i c  S  

O r g a n i c  S 

REMARKS: 

0.03 0 .03  F l u i d  Temp. 2240 2450 

pjp!gdd. - - - - - - - . 
ANALYST 

APPROVED: G m m  P - 



TABLE 2 

FUEL ANALYSIS - LOWER K I T T A N I N G  

FOSTER WHEELER DEVELOPHENT CORPORATION 

FUEL ANALYSIS 

SAHPLE DESCRIPTION: C h a r a c t e r i z a t i o n  o f  L o u e r  K i t t a n i n g  C l a r i o n  Cu Pa 

CHARGE NO. 9 - 4 1 - 3 2 1 8 - E 2 8 3  DATE 6 - i s - 8 4  LAB.REF.NO. 8 4 8 3 6 8  

A I R  DRY LOSS,X 3.26 E I J U I L I B R I U H  HOISTURE,X 

As R e c ' d  D r y  ---------- ----- 
PROXIHATE ANALYSIS 

F i x e d  C a r b o n  

' J o l .  H a t t e r  

A s h  

M o i s t u r e  

T o e a  l 

ULTIHATE ANALYSIS 

C a r b o n  

H y d r o g e n  

O x y g e n  

N i t r o g e n  

Bu l f u r  

A s h  

M o i s t u r  e  

T o t a  1 

P y r i t i c  S  

O r g a n i c  S  

REMARKS: 
D u l u n g ' s = i 2 9 9 9 P t u ; l h  

R E A C T I V I T Y  INDEX Deg.  C  
ACTIVATION ENERGY c a l / g - n o 1  

47.53 

3 4 . 8 2  

14 .68  

3 .77  

188 .88  1 8 8 . 8 8  FREE SWELLING INDEX 

49 .39  

3 5 . 3 6  

1 5 . 2 5  H ~ R D G R O V E  INDEX 5 4 .  

6 6 . 4 8  g 9 . 0 9  SPEC. GRAV. 

5 .05 VISCOSITY 

1 . 3 9  

4 .18 

1 5 - 2 5  

ASH FUSION TEMPERATURE, Deg. 

1 0 8 . 8 8  Red .  O x i d .  

I n i t i a l  D ' c f o r n .  1 0 9 2  2 3 9 8  

1 2 , 4 7 2  S o f t . T e n p . S p h .  1957 2 5 8 8  

S o f t .  T e n p . H r n .  1P97  ? C ? ?  
L J L L  

0.31 F l u i d  T a m p .  " 1 ;.' 5 
C _ -  

? C ,. . , A n  

2.66 

1.1; 
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: TABLE 3 MIHERAL AFIALYSIS DATF GENERPTED! BY U.S. GEOLOGICAL SURVEY .FROM LOW TEMPERATURE ASH 

UPPER FREEPORT 

Quartz  36 

Kaol i n i  t e  21 

P y r i t e  18 

l l l i t e  15 

C a l c i t e  8  

S i d e r i t e  1 

Feldspar 1 

P y r i t e  2  7  

Quartz 22 

Kaol i n i  t e  20 

I l l i t e  16 

S i d e r i t e  7  

C a l c i t e  5 

Feldspar 2  

P y r i t e  34 

Kaol i n i  t e  30 

Quartz 21 

I l l i t e  14 

S i d e r i t e  1 

C a l c i t e  c 1  

Feldspar c 1 

- 
Quartz 40 

P y r i t e  20 

l l l i t e  17 

Kaol i n i t e  14 

C a l c i t e  5  

Feldspar 2  

S i d e r i t e  2  

KENTUCKY NO. 9  

P y r i t e  31 

Quartz 2; 

Kaol i n i  t e  15 

I l l i t e  10 

C a l c i t e  1 L 

Feldspar E. 

Heulandite- 2 
C l i n o p t i l o l i t e  

P y r i t e  48 

C a l c i t e  44 

Marcasite 3 

Quartz 3 

Kaol i n i t e  . 

Quartz 2b 

P y r i t e  2: 

Heulandite- 2h 
Cl i n o p t i l o l i t e  

Kaol i n i  t e  11 

Apa t i te  0 

C a l c i t e  3 

I l l i t e  3 

- - - -..-- . 

Quartz 31 

P y r i t e  21 

Heulandite- 2? 
C l i n o p t i l o l  i t e  

Kaol i n i  t e  

Apa t i te  3 

I l l i t e  3 

C a l c i t e  3 

ILLINO'S NO. 6  

Quartz 

Kaol i n i  t e  

P y r i t e  

I l l i t e  

Fel &par 

Quartz 2  5 

C a l c i t e  23 

Kaol i n i  t c  2  1 I 

P y r i t e  19 I 

I l l i t e  9  

Marcasi t? 2  

Feldspar 1 

Quartz 38 

K a o l i n i r ?  24 

I 1  1  i i te  19 

P y r i t e  15 

Feldspar 2  

1 Apat i t e  

COAL 

Bulk 

F loat  1.30 

F l o a t 1 . 8 0  

KENTUCLY NO. 11 

Quartz 33 

P y r i t e  31 

I l l i t e  17 

Kaol i n i  ~ e  10 

C a l c i t e  5 

S i d e r i t e  1  

Feldspar 3 

Quartz 3  3 

P y r i t e  2  7 

Kaol i n i  :e 18 

I l l i t e  14 

C a l c i t e  4 

Feldspa- 3  

S ider i  t c  1 

Kao l in i re  38 

Quartz 28 

l l l i t e  17 

P y r i t e  16 

Fel d4pa - 1 

I 
I 

Float  2.85 

Being 

Analyzed 

Quartz 30 

P y r i t e  2  1 

C a l c i t e  21 

Kaol i n i  te 14 

l l l i t e  8  

Feldspar 3  

Apa t i te  2  
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