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INTRODUCTION 

A fundamental research  i n v e s t i g a t i o n  of t h e  behavior  of minera l  mat te r  i n  
f l u i d i z e d  bed g a s i f i c a t i o n  of coa l  is i n  p rogress  a t  IGT under a program l a r g e l y  
supported by t h e  U.S. Department of Energy. S p e c i a l  a t t e n t i o n  has been focused on 
t h e  g a s i f i c a t i o n  of high s u l f u r  and high i r o n  c o n t a i n i n g  c o a l s ,  and the  mechanism 
of ash agglomerat ion which f a c i l i t a t e s  the s e l e c t i v e  removal of ash  from a r e a c t o r  
bed without  l o s s  of unacceptable  amounts of char carbon. 

S u l f u r  occurs  i n  c o a l  mineral  mostly as i r o n  d i s u l f i d e s ,  mainly p y r i t e  with 
some marcasi te .  The d i s u l f i d e s  quick ly  decompose t o  p y r r h o t i t e s  (Fe S )  and 
hydrogen s u l f i d e  i n  t h e  char r ing  process  wi th  a n  i n e r t  atmosphere o r ( k x i h e  
absence of a i r  (1-3). The same t ransformat ion  was a l s o  observed when t h e  c o a l ,  
e s p e c i a l l y  bi tuminous c o a l ,  is  fed  i n t o  t h e  f l u i d i z e d  bed of a g a s i f i e r  t y p i c a l l y  
a t  about 1850-F ( 4 ) .  The r e s u l t i n g  p y r r h o t i t e s  may p a r t l y  t ransform t o  t r o i l i t e  
(FeS) on c o o l i n g  t o  room temperature .  

It  has been noted t h a t  f e r r o u s  s u l f i d e s ,  e s p e c i a l l y  p y r r h o t i t e ,  p lay  a 
v a r i e t y  of impor tan t  roles i n  coa l  conversion processes .  Thei r  p o s s i b l e  
c a t a l y t i c a l  a c t i v i t y  i n  c o a l  l i q u e f a c t i o n  ( 5 )  and c o a l  g a s i f i c a t i o n  (6 ,7)  was 
repor ted  r e c e n t l y .  In our p i l o t  p l a n t  s t u d i e s  we have o c c a s i o n a l l y  found t h a t  
f e r r o u s  s u l f i d e  may p lay  an independent r o l e  i n  agglomerat ion,  a c t i n g  as a b inding  
medium between s h a l e  p a r t i c l e s  i n  the  bed when run-of-mine c o a l  is fed  (Fig.1) 
( 4 ) .  Under some circumstances,  f e r r o u s  s u l f i d e  has formed d e p o s i t s  i n  t h e  hot 
cyclone, which , re turns  e n t r a i n e d  char  p a r t i c l e s  t o  t h e  bed. I n  order  t o  b e t t e r  
understand t h e i r  f u n c t i o n s  i n  coa l  conversion,  an a c c u r a t e  q u a n t i t a t i v e  method f o r  
f e r r o u s  s u l f i d e s  de te rmina t ion  is needed. 

Mossbauer spectroscopy has been employed aa a u s e f u l  method f o r  t h e  semi- 
q u a n t i t a t i v e  de te rmina t ions  of var ious  i ron-conta in ing  s p e c i e s  inc luding  f e r r o u s  
s u l f i d e s  i n  c o a l  chars  and g a s i f i c a t i o n  res idues  (8,9). It 's  accuracy h ighly  
depends upon t h e  complexi ty  of t h e  Mossbauer s p e c t r a  and t h e  concent ra t ion  l e v e l  
of fe r rous  s u l f i d e s . ( l O )  The major disadvantage of t h i s  method is t h a t  i t  can not 
d e t e c t  non-iron conta in ing  s u l f i d e  s p e c i e s ,  such a s  calcium s u l f i d e .  

X-ray d i f f r a c t i o n  spectroscopy has a l s o  been used t o  ana lyze  t h e  mineral  
conten ts  of c h a r s  and res idues .  But, i t ' s  u t i l i t y  i n  t h e  a n a l y s i s  of non- 
s t o i c h i o m e t r i c  f e r r o u s  s u l f i d e s  is o f t e n  l i m i t e d  t o  t h e  q u a l i t a t i v e  de te rmina t ion ,  
because t h e s e  s u l f i d e s  may or may not be present  i n  c r y s t a l l i n e  forms and t h e i r  x- 
ray  s p e c t r a  is o f t e n  complicated and obscured by t h e  s p e c t r a  of o t h e r  major 
minerals .  

I n  t h e  p a s t  I G T  has  developed a wet chemical  method, involv ing  de termina t ion  
of hydrogen s u l f i d e  evolved by t r e a t i n g  a sample wi th  6N hydrochlor ic  ac id .  
Although t h i s  method w a s  s u c c e s s f u l l y  employed t o  determine t h e  s u l f i d e  s u l f u r  
conten ts  of c h a r s  prepared a t  170O0F and g a s i f i c a t i o n  res idues  t h a t  had been 
subjec ted  t o  h i g h e r  temperature ,  it was found t o  be u n s a t i s f a c t o r y  when appl ied  t o  
f e r r o u s  s u l f i d e - r i c h  coa l  chars  prepared a t  1400'P f o r  use  as feed  f o r  
g a s i f i c a t i o n .  I n  most of cases  only  a f r a c t i o n  of s u l f u r  from f e r r o u s  s u l f i d e  
( s u l f i d e  s u l f u r )  could be recovered a s  hydrogen s u l f i d e .  The c a l c u l a t e d  t o t a l  
s u l f u r  of t h e s e  chars  from s u l f i d e  s u l f u r ,  p y r i t i c  s u l f u r  and o r g a n i c  s u l f u r  is 
u s u a l l y  5 t o  20% lower than the  t o t a l  s u l f u r  determined by t h e  Eschka method, 
depending on t h e  types  of f e r r o u s  s u l f i d e s  present  and t h e i r  concent ra t ion .  

214 



\ 

I n  the sea rch  of a more accu ra t e  method, we have re -eva lua ted  a number of 
p o t e n t i a l  e x i s t i n g  methods and developed a few new methods f o r  f e r r o u s  s u l f i d e s  
ana lys i s .  The moat success fu l  method uses  a reducing  agent  t o  enhance t h e  
recovery of f e r r o u s  s u l f i d e  as hydrogen s u l f i d e  i n  a hydroch lo r i c  ac id  evo lu t ion  
procedure. Resu l t s  from t h e  ana lyses  of s i x  1400°F c o a l  cha r s  u s ing  d i f f e r e n t  
methods a r e  presented  and d iscussed .  

EXPERIMENTAL 

Two model coa l  char compounds synthes ized  from high  p u r i t y  carbon p l u s  a 
composite 1400'F coa l  char sample were prepared f o r  t h e  i n i t i a l  s tudy  of t h e  ' 

recovery of s u l f i d e  s u l f u r  dur ing  hydroch lo r i c  ac id  d iges t ion .  The f i r s t  model 
c o n s i s t s  of t r o i l i t e  and the  second a n a t u r a l  p y r r h o t i t e .  Using an  ac id -evo lu t ion  
t r a i n ,  t h e  e f f i c i e n c i e s  of hydrogen s u l f i d e  evo lu t ion  were examined f o r  t hese  
t h r e e  samples at  fou r  hydrochlor ic  ac id  concen t r a t ions  (1 ,2 ,4  and 6 normal) w i th  
and wi thout  t he  add i t ion  of t he  reducing  agent ,  s tannous  ch lo r ide .  The hydrogen 
s u l f i d e  evolved was c o l l e c t e d  i n  an  a l k a l i n e  t r a p  composed of 10% cadmium c h l o r i d e  
i n  water and subsequently determined by an iodometr ic  method wi th  t h i o s u l f a t e  back 
t i t r a t i o n .  The hydrochlor ic  ac id  e x t r a c t  was then  f i l t e r e d  and ana lyzed  by a tomic  
abso rp t ion  method f o r  the  HC1-soluble i ron .  The r e s idue  c o l l e c t e d  was examined by 
an x-ray d i f f r a c t i o n  spec t roscopic  (XRD) method f o r  t h e  amount of f e r r o u s  s u l f i d e  
l e f t  i n t a c t .  

For the  composite coa l  char ,  a complete sulfur-by-types a n a l y s i s  w a s  also 
c a r r i e d  out t o  check the  s u l f u r  maas balance.  A modified method of ASTM D-2492 
procedure f o r  forms of s u l f u r  i n  coa l  was employed t o  ana lyze  t h e  s u l f a t e ,  
p y r i t i c ,  o rganic ,  and t o t a l  s u l f u r .  The s u l f a t e  s u l f u r  was determined by a 
g rav ime t r i c  method as barium s u l f a t e .  The p y r i t i c  s u l f u r  was c a l c u l a t e d  from t h e  
concen t r a t ion  of p y r i t i c  i r o n  found i n  the  d i l u t e  n i t r i c  a c i d  e x t r a c t  of t h e  
r e s idues ,  which was determined by an atomic abso rp t ion  method. The o rgan ic  s u l f u r  
was determined by d iges t ing  the  r e s idue  from t h e  d i l u t e  n i t r i c  a c i d  d i g e s t i o n  wi th  
concent ra ted  n i t r i c  ac id  and ana lyz ing  the  r e s u l t i n g  s u l f a t e  as barium s u l f a t e  
g rav ime t r i ca l ly .  The t o t a l  s u l f u r  was determined by the  Eschka method. 

I n  the  course  of a g a s i f i c a t i o n  i n v e s t i g a t i o n ,  f i v e  coa l  cha r s  were prepared  
a t  1400°F i n  a 4-inch d iameter  d e v o l a t i l i z e r  purged wi th  n i t rogen  from washed 
bituminous coa l s  wi th  1/4-inch top  s i z e .  The r e s idence  t ime of t he  f eed  coa l  at  
1400'F w a s  approximately 30 minutes. 
was used t o  prepare  the  s i x t h  coa l  char.  A l l  samples were ground t o  about  325 
mesh and analyzed f o r  t h e i r  conten ts  of s u l f i d e  s u l f u r ,  r e s i d u a l  s u l f u r ,  6N HC1- 
s o l u b l e  i r o n  and t o t a l  i ron .  Both the  r e s i d u a l  s u l f u r  and t o t a l  s u l f u r  were 
determined by t h e  Eschka method. The l N ,  1.6N (5%) and 2N HC1-soluble i r o n  were 
a l s o  determined s e p a r a t e l y  and used t o  c a l c u l a t e  the s u l f i d e  s u l f u r  con ten t .  

A -200 mesh f r a c t i o n  of Kentucky No. 9 c o a l  

A P h i l i p s  v e r t i c a l  goniometer and a copper x-ray source  were employed f o r  t h e  
x-ray d i f f r a c t i o n  a n a l y s i s  of a l l  c o a l  char  samples. 
i r o n  s u l f i d e s  was determined us ing  potassium ch lo r ide  a s  an  i n t e r n a l  s tandard .  
The d i f f r a c t i o n  peak a t  a 2 t he t a  angle  of about 43.3 degree was used f o r  the  
q u a n t i t a t i o n .  
t he  complex peaks,  measuring t h e i r  p r e c i s e  d-spacings at  t h e  102 c r y s t a l  p lane  and 
consequently e s t ima t ing  the  i ron  conten t  of va r ious  hexagonal p y r r h o t i t e s  (11).  

A Ranger S c i e n t i f i c  MS-900 Mossbauer spec t rometer  w i th  a 5 mC1 Co-57 source  
was used t o  acqu i r e  Mossbauer spec t r a  of a l l  char  samples. The r e l s t 6 v e  
percentage  of s u l f i d e  i r o n  i n  t o t a l  i r o n  a s  f e r r o u s  s u l f i d e s  was measured by a 
s p e c t r a l  s u b t r a c t i o n  technique. 
char  was ca l cu la t ed  by mul t ip ly ing  the  t o t a l  i r o n  percentage  of c o a l  cha r  by t h e  
r e l a t i v e  percentage  of s u l f i d e  i r o n  and a S/Fe convers ion  f a c t o r  of 0.574. 

The t o t a l  concen te s t ion  of 

The same peak was a l s o  p r o f i l e - f i t t e d  i n  an  a t tempt  t o  deconvolu te  

The concen t r a t ion  of s u l f i d e  s u l f u r  i n  each c o a l  
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RESULTS AND DISCUSSION 

Figure 2 r e p r e s e n t  t h e  e f f e c t s  of hydrochlor ic  a c i d  and t h e  reducing agent ,  
s tannous c h l o r i d e ,  on t h e  recovery of s u l f i d e  s u l f u r  by the  descr ibed  e v o l u t i o n  
method. By comparison of t h e  mole r a t i o s  of s u l f i d e  s u l f u r  t o  HC1-soluble i r o n ,  
w e  found t h a t  t h e  t r o i l i t e  (FeS) could be e a s i l y  decomposed t o  hyrogen s u l f i d e  and 
determined q u a n t i t a t i v e l y .  However, p y r r h o t i t e  was not completely converted t o  
hydrogen s u l f i d e  even though a l l  f e r r o u s  s u l f i d e s  would be completely decomposed 
i n  hydrochlor ic  a c i d  wi th  a concent ra t ion  h igher  than 2 normal aa i n d i c a t e d  by XRD 
a n a l y s i s  of t h e  d i g e s t e d  r e s i d u e , ' u n l e s s  a s u i t a b l e  reducing agent ,  such a s  
s tannous  c h l o r i d e ,  was present .  We be l ieve  t h a t  p y r r h o t i t e  is p a r t i a l l y  degraded 
t o  e lementa l  s u l f u r  i n  t h e  hydrochlor ic  ac id  medium as t h e  fo l lowing  equat ion .  
The s tannous c h l o r i d e  and p o s s i b l e  Other reducing agents  may i n h i b i t  t h i s  
compet i t ive d e g r a d a t i o n  mechanism, conver t ing  a l l  s u l f i d e  s u l f u r  t o  hydrogen 
s u l f i d e .  

Fe(l-x)S + 2 (1-x) HC1 L> (1-x) FeC12 + (1-x) HZS + S o  

The r e s u l t s  i n  Table  1 i n d i c a t e  t h a t  a good s u l f u r  mass balance was obta ined  
when 10% o r  more s tannous  c h l o r i d e  was used. The i n s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  c a l c u l a t e d  t o t a l  s u l f u r  of 2.02% and 2.05% while  us ing  4N and 6N H C 1  
r e s p e c t i v e l y  s u g g e s t s  t h a t  e i t h e r  concent ra t ion  is adequate  f o r  e f f e c t i v e  hydrogen 
s u l f i d e  evolu t ion .  The v a r i a t i o n  of t h e  mole r a t i o s  of s u l f i d e  s u l f u r  t o  H C 1  
s o l u b l e  i r o n  i n  the  same t a b l e  f u r t h e r  confirms t h a t  s tannous  c h l o r i d e  d e f i n i t e l y  
promotes t h e  hydrogen s u l f i d e  evolut ion.  The s u l f i d e  s u l f u r  c a l c u l a t e d  from 2N 
HC1-soluble i r o n  provides  good agreement with t h e  determined s u l f i d e  s u l f u r  u s i n g  
s tannous  c h l o r i d e .  This  method could be used a s  a quick method t o  determine t h e  
s u l f i d e  s u l f u r  i n  c o a l  char ,  provided t h a t  t h e r e  a r e  l i t t l e  o t h e r  types  of HC1- 
s o l u b l e  i r o n ,  such as i r o n  oxides .  i r o n  s u l f a t e s ,  i l l i t es  and c h l o r i t e s ,  p resent  
i n  t h e  sample. 

Table  1. Sulfur-by-types a n a l y s i s  of a composite 1400°F Coal Char 

Diges t ion  Acid 4N HC1 4N HC1 6N H C 1  
Promoting Agent 4N HC1 10% SnC1, 20% SnC1, 6N H C 1  10% SnCl? 

S u l f a t e  S u l f u r  X <0.01 <0.01 <0.01 <0.01 
S u l f i d e  S u l f u r  % .66 1.04 1.07 .74 1.04 
P y r i t i c  S u l f u r  % .06 .05 .06 .04 
Organic  S u l f u r  % 1.06 .93 1.05 .97 
T o t a l  S % ( c a l c . )  1.78 2.02 1.85 2.05 
T o t a l  S X (de tn . )  2.09 2.09 2.09 2.09 

HC1 Soluble  Fe Z 1.81 1.84 1.86 1.92 1.88 
S/Fe Mole R a t i o  .64 .98 1.00 .67 .96 

2N HC1-Soluble Fe 1.81 1 .E4 1.86 1.92 1.88 
S u l f i d e  S % 1.05 1.07 1.08 1.11 1.09 
( c a l c .  from Fe) 

We found a l s o  t h a t  t h e  organic  s u l f u r  c o n t e n t s  determined i n  t h e  procedure 
without  s tannous  c h l o r i d e  a r e  h igher  t h a n  those  found i n  the  procedure w i t h  
s tannous  c h l o r i d e .  T h i s  is probably because t h e  elemental  s u l f u r ,  formed dur ing  
t h e  h y d r o c h l o r i c  a c i d  d i g e s t i o n ,  may be p a r t i a l l y  a s s o c i a t e d  with t h e  s o l i d  
r e s i d u e  and recovered as organic  s u l f u r  i n  t h e  subsequent  concent ra ted  n i t r i c  a c i d  
d i g e s t i o n .  This  i n d i c a t e s  t h a t  t h e  a c i d  e v o l u t i o n  method wi thout  s tannous  
c h l o r i d e  is l i k e l y  t o  g i v e  a high e s t i m a t i o n  of organic  s u l f u r  i n  char  i n  a d d i t i o n  
t o  a low q u a n t i t a t i o n  of s u l f i d e  s u l f u r .  
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Table  2 p re sen t s  t he  concen t r a t ions  of s u l f i d e  s u l f u r ,  r e s i d u a l  s u l f u r  and 
t o t a l  s u l f u r  of six coa l  chars .  The t o t a l  s u l f u r  ca l cu la t ed  from t h e  s u l f i d e  and 
r e s i d u a l  s u l f u r  was aga in  found t o  agree  w e l l  w i th  the  determined t o t a l  s u l f u r  i n  
a l l  ana lyses  when stannous ch lo r ide  was used i n  t h e  evo lu t ion  procedure.  
r a t i o s  of s u l f i d e  s u l f u r  t o  t h e  HC1-soluble i r o n  d e v i a t e  s i g n i f i c a n t l y  from Unity 
i n  f o u r  ana lyses ,  i nd ica t ing  the  presence  of o t h e r  6N HC1-soluble i r o n  spec ie s  i n  
those  char samples. 
us ing  t h e  percentage  of i r o n  s o l u b l e  i n  l N ,  1.6N (5%) and 2N H C 1  seems t o  be q u i t e  
s a t i s f a c t o r y  i n  most of t he  cases  (Table 3). Fu r the r  s t u d i e s  should  be conducted 
t o  select an optimum hydroch lo r i c  ac id  concen t r a t ion  f o r  t h i s  method. 

The mole 

However, the  quick  method t o  determine the  s u l f i d e  s u l f u r  

Another method, u s ing  t h e  r e l a t i v e  percentage  con ten t  of t h e  s u l f i d e  i r o n  
determined by Mossbauer spec t roscopy and the  t o t a l  i r o n  percentage  i n  cha r  t o  
c a l c u l a t e  t h e  s u l f i d e  s u l f u r ,  was s u c c e s s f u l l y  employed. However, only t h e  
r e s u l t s  of two coa l  cha r  samples with h igh  f e r r o u s  s u l f i d e  conten t  were repor t ed  
i n  Table 3. They agree  q u i t e  we l l  w i th  the  d a t a  r epor t ed  by the  e v o l u t i o n  
method. Grea ter  d i f f i c u l t i e s  were encountered i n  ana lyz ing  the  rest of t h e  
samples because of t h e i r  r e l a t i v e l y  low i r o n  concen t r a t ion  and t h e  presence  of 
var ious  o the r  i r o n  spec ie s .  During t h i s  s tudy ,  w e  found t h a t  p y r r h o t i t e s  
(Fe(l-x)S) wi th  vary ing  s to i ch iomet r i c  q u a n t i t y  of s u l f u r  may g ive  d i f f e r e n t  
Mossbauer s p e c t r a ,  render ing  t h e  Mossbauer s p e c t r a l  s u b t r a c t i o n  technique  
inaccura t e ,  e s p e c i a l l y  when no s u i t a b l e  p y r r h o t i t e  s t anda rds  were a v a i l a b l e .  

Table 2. Determination of s u l f i d e  s u l f u r  of 1400'F coa l  cha r s  u s i n g  
* 

HC1 evo lu t ion  method 

S u l f i d e  Res idua l  To ta l  S X 
1400 OF C o a l  Char S X S X  (Calc)  (Detn.) 

Kentucky No. 9 
(wi th  SnCIZ) .90 1.38 2.28 2.50 
(w/o SnC12) .57 1.53 2.10 

Kentucky No. 9 (prepared from -200 
(with SnC12) .74 

(with SnC12) 2.11 

(w/o SnC12) .24 

P i t t sbu rgh  No. 8 

(w/o SnC12) 1.70 

Kentucky No. 13 
(wi th  SnC12) .30 

(w/o SnC12) .04 

nesh coa l  f i n e s )  
.30 2.04 2.14 
.35 1.59 

.90 3.01 2.96 

.12 2.82 

.68 .98 1.02 

.85 .89 

I l l i n o i s  No. 6 
(wi th  SnC12) 1.44 1.35 2.79 2.79 

(w lo  SnC12) .87 1.61 2.48 

Rosebud 
(wi th  SnC12) .56 .74 1.30 1.33 

(w lo  SnC12) .30 .93 1.23 

HC1-Soluble S/Pe 
Fe X (Mole) 

2.00 -78 
1.97 

1.65 .78 
1.64 

3.76 .98 
3.70 

.60 -87 

.60 

2.46 1.02 
2.40 

1.20 .81 
1.18 
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Table 3. Comparison of methods f o r  s u l f i d e  s u l f u r  a n a l y s i s  
of 14OOOF Coal Chars 

S u l f i d e  S % ( c a l c u l a t e d )  
S u l f i d e  S % (determined)  From From HC1-soluble Fe 

1400 OF Coal  Char w/o SnCl, with SnC1, Mossbauer (1N) (1.6N (2N) (6N) 

Kentucky No. 9 .57 .90 ND .87 .80 .88 1.13 

Kentucky No. 9 .24 .74 ND .76 .81 -84 -94  
(-200 mesh c o a l )  

P i t t s b u r g h  No. 8 1.70 2.11 2.07 2.08 2.05 1.98 2.12 

Kentucky No. 13 .04 .30 ND .30 .30 .30 .34 

I l l i n o i s  No. 6 .87 1.44 1.41 1.35 1.37 1.33 1.38 

Rosebud .30 .56 ND .61 .60 .57 .68 

NOTE: ND - not  determined. 

No r e s u l t s  from XRD a n a l y s i s  were repor ted  a t  t h i s  time. The q u a n t i t a t i v e  
method us ing  potassium c h l o r i d e  a s  an i n t e r n a l  s tandard  gave erroneous r e s u l t s  
because no e f f e c t i v e  method was developed y e t  t o  r e s o l v e  and q u a n t i t a t e  the  broad 
and deformed x-ray peak corresponding t o  d i f f r a c t i o n s  a t  t h e  c r y s t a l  102 planes  of 
var ious  f e r r o u s  s u l f i d e s .  
i t s e l f  f u r t h e r  complicates  t h e  XRD s p e c t r a .  I n  order  t o  achieve b e t t e r  accuracy  
i n  the  q u a n t i t a t i v e  measurement of t o t a l  f e r r o u s  s u l f i d e ,  t h e  s e n s i t i v i t y  of 
d i f f r a c t i o n  from each  of t h e  d i f f e r e n t  f e r r o u s  s u l f i d e s  must a l s o  be determined.  

CONCLUSION 

The even broader  XRD background induced by t h e  char  

A hydrochlor ic  a c i d  e v o l u t i o n  method us ing  s tannous c h l o r i d e  as a promoting 
agent was developed and employed s u c c e s s f u l l y  f o r  f e r r o u s  s u l f i d e s  de te rmina t ion  
i n  1400°F c o a l  char.  
f e r r o u s  s u l f i d e s ,  b u t  a l s o  improves t h e  accuracy of t h e  organic  s u l f u r  a n a l y s i s  of 
c o a l  char. We b e l i e v e  t h i s  method could be and should be employed i n  t h e  s u l f u r -  
by-types a n a l y s i s  of a l l  c o a l  d e r i v a t i v e s  conta in ing  f e r r o u s  s u l f i d e s .  

This method not only provides  a n  accura te  a n a l y s i s  of 

Among o t h e r  methods s t u d i e d ,  t h e  methods us ing  1N. 1.6N (5%) and 2N HC1- 
s o l u b l e  i r o n  t o  c a l c u l a t e  t h e  f e r r o u s  s u l f i d e s  conten t  could be employed t o  
determine t h e  f e r r o u s  s u l f i d e s  conten t  i n  c o a l  char ,  provided t h a t  l i t t l e  o t h e r  
HC1-soluble i r o n  s p e c i e s  a r e  present .  
determine t h e  s u l f i d e  i r o n  concent ra t ion  and atomic a b s o r p t i o n  spectroscopy t o  
determine t h e  t o t a l  i r o n  would be a good technique.  i f  p y r r h o t i t e  s t a n d a r d s  as 
w e l l  a s  o t h e r  i r o n  s t a n d a r d s  resembling t h e  iron s p e c i e s  i n  c o a l  char  were 
found. F u r t h e r  Nossbauer s p e c t r o s c o p i c  s t u d i e s  with temperature  c o n t r o l  may 
provide more informat ion  and may s i m p l i f y  t h e  c u r r e n t  procedure. X-ray 
d i f f r a c t i o n  spec t roscopy a l s o  encounters  a s i m i l a r  problem caused by var ious  
f e r r o u s  s u l f i d e s  w i t h  d i s c r e t e  composition and s t r u c t u r e s .  However, t h e  l a t t e r  
problem is even more s i g n i f i c a n t  and tends t o  be too complex t o  reso lve .  

The method u s i n g  Mossbauer spec t roscopy t o  
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Figure 1. FeS (white) Joining Shale P a r t i c l e s  i n  Bed 
Material  From a Pi lot -Plant  Run on Run-of-Mine C o a l  
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Figure 2 .  Recovery of Ferrous Sul f ide  as Hydrogen Sul f ide  in a Hydrochloric 
Acic Evolution Procedure With and Without Stannous Chloride 
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