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A s  p a r t  o f  t h e  development of second-generation coa l  g a s i f i c a t i o n  processes ,  
t h e  U .  S. Department of Energy has  commissioned an environmental assessment of  
t h e  HYGAS process .  The o b j e c t i v e  of  t h i s  assessment i s  t o  e s t a b l i s h  sys tems ' for  
sampling, a n a l y s i s ,  and d a t a  eva lua t ion  t o  determine t h e  f a t e  of p o t e n t i a l  
p o l l u t a n t s  generated during opera t ion  of  the  HYGAS p i l o t  p l a n t  and t o  apply 
t h e s e  d a t a  t o  demonstration and commercial p l a n t .  designs.  

HYGAS opera tes  a t  high temperatures  t o  o b t a i n  high r e a c t i o n  r a t e s  and a t  
high pressure  t o  i n c r e a s e  t h e  equi l ibr ium methane y i e l d .  
f r a c t i o n  is hydrogas i f ied  t o  form methane while  t h e  l e s s  r e a c t i v e  f r a c t i o n  
remains i n  t h e  coa l  char  and i s  used t o  genera te  hydrogen and hea t .  
t o t a l  methane formed i n  t h e  process ,  about 64% t o  70% i s  formed i n  t h e  g a s i f i e r .  

Figure 1 shows t h e  c u r r e n t  processing s t e p s  i n  t h e  HYGAS p i l o t  p l a n t .  

The most r e a c t i v e  coal  

Of t h e  

Ligni te  and subbituminous coa ls  do not  r e q u i r e  pre t rea tment .  However, with a 
caking coal  such as I l l i n o i s  No. 6 bituminous, a pretreatment  s t e p  i s  used t o  
des t roy  any agglomerating tendencies .  
c a r r i e d  out  i n  a f l u i d i z e d  bed a t  700' t o  800°F and s l i g h t l y  above atmospheric 
pressure .  For in t roduct ion  i n t o  t h e  high-pressure g a s i f i e r ,  up t o  45 w t  % coal  
is mixed i n  a l i g h t  o i l  s l u r r y  which i s  pressur ized  wi th  r e c i p r o c a t i n g  p i s t o n  
pumps. 
with a cyclone. Then t h e  gas i s  quenched t o  condense steam and l i g h t  o i l .  
Next, water  and o i l  a r e  separa ted ,  recovered, and recycled.  Acid gases  (H S and 
CO ) a r e  removed from t h e  product gas  with a diglycolamine-water s o l u t i o n  $hich 
is ' regenerated and recycled.  
s u l f u r  leve ls  t o  <0 .1  ppm. Then methanation i s  c a r r i e d  out i n  a packed-bed of 
n i c k e l  c a t a l y s t  p e l l e t s  s e n s i t i v e  t o  s u l f u r  poisoning.  The methanation s t e p  
upgrades the  product  gas t o  e s s e n t i a l l y  pure methane (SNG). 

PILOT PLANT HYDROGASIFIER REACTOR 

The pre t rea tment  i s  a mild s u r f a c e  oxida t ion  

Entrained s o l i d s  i n  t h e  crude gas which leave t h e  g a s i f i e r  a r e  removed 

The product  gas  is f u r t h e r  cleaned t o  reduce 

The hydrogas i f ie r  r e a c t o r  v e s s e l  i s  shown schemat ica l ly  i n  Figure 2. The 
r e a c t o r  v e s s e l  has four  i n t e r n a l l y  connected f lu id ized-bed  contac t  s t a g e s  which 
opera te  a t  1000 p s i g ,  with d i f f e r e n t  temperatures  i n  t h e  var ious  f l u i d i z e d  beds 
The r e a c t o r  is designed t o  accept  3 ton /hr  coa l  feed and t o  produce 1 . 5  x IO6 
SCF/day of p i p e l i n e - q u a l i t y  gas. 

drying bed) which opera tes  a t  600°F. 
v e r t i c a l  l i f t  l i n e  where t h e  f i r s t  s t a g e  of hydrogas i f ica t ion  occurs .  
coa l  p a r t i c l e s  a r e  heated by hot  gases  from t h e  lower s t a g e ,  and hydrogen contained 
i n  t h e  gases r e a c t s  with about 20% of  t h e  coa l  t o  produce methane. 

The feed s l u r r y  i s  introduced i n t o  t h e  upper f l u i d i z e d  bed ( t h e  s l u r r y -  
The d r i e d  coa l  flows by g r a v i t y  i n t o  a 

Here, 

The p a r t i a l l y  reac ted  coal  (now c a l l e d  a char )  then  flows t o  t h e  second- 
s t a g e  g a s i f i e r  and i s  f u r t h e r  g a s i f i e d  by t h e  steam and hydrogen-rich gas  r i s i n g  
from t h e  steam-oxygen g a s i f i c a t i o n  s t a g e  below. About 25% of t h e  o r i g i n a l  coal  
i s  converted i n  t h i s  r e a c t i o n  s t a g e ,  making t h e  t o t a l  conversion about 45% i n  
t h e  f i r s t  and second s t a g e s  of hydrogas i f ica t ion .  The char  then flows t o  t h e  
f i n a l  r e a c t o r  s t a g e  where steam and oxygen a r e  introduced t o  convert  t h e  char  t o  
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hydrogen and carbon oxides  and t o  provide t h e  necessary heat  f o r  opera t ion  of  
t h e  g a s i f i e r  dur ing  s e l f - s u s t a i n e d  s teady  p l a n t  opera t ion .  

SAMPLE COLLECTION 

Sampling of  p i l o t  p l a n t  s t reams s p e c i f i c a l l y  f o r  environmental assessment 
began with T e s t  55 with Montana subbituminous coa l .  
sampled every 8 hours and t h r e e  of  these  samples y e r e  composited t o  represent  24 
hours  of p l a n t  opera t ion .  
s o l i d s  (TDS) , t o t a l  suspended s o l i d s  (TSS), t o t a l  o rganic  carbon (TOC) , t o t a l  
phenols ,  t o t a l  s u l f u r ,  ammonia, cyanide, th iocyanate ,  s u l f i d e ,  c h l o r i d e ,  and 
o i l .  Soi ids  samples were c o l l e c t e d  once p e r  day and analyzed f o r  s u l f u r  s p e c i e s  
and t r a c e  elements. The s o l i d s  streams sampled included t h e  coa l  feed ,  t h e  
f i rs t  and second s t a g e s  of g a s i f i c a t i o n ,  and t h e  spent  char .  Samples of  o i l s  i n  
t h e  coa l  feed s l u r r y  were a l s o  taken once p e r  day t o  determine organic  composi t ions 
u s i n g  a gas chromatograph mass spectrometer .  

Process water  streams were 

Water samples were analyzed f o r  t o t a l  d i sso lved  

HYGAS WATER COMPONENTS 

Before t h e  environmental assessment program began with subbituminoiis c o a l ,  
HYGAS t e s t s  were c a r r i e d  out  with both Montana l i g n i t e  and I l l i n o i s  No. 6 bituminous 
c o a l s .  In  t h e s e  tests,  a s i n g l e  water  sample was taken once every 24 hours .  
Process  engineer ing d a t a  from t h e s e  t e s t s  have been examined t o  determine t h e  
water compositions corresponding t o  per iods  of  s e l f - s u s t a i n e d ,  s teady  opera t ion  
and t o  normalize p o l l u t a n t  genera t ion  t o  a uniform b a s i s  f o r  t h e  t h r e e  types of 
c o a l .  

Compositions of  t h e  g a s i f i e r  feed  c o a l s  used t o  c a l c u l a t e  p o l l u t a n t  genera t ion  
i n  HYGAS Test 37 with Montana l i g n i t e ,  Tes ts  46 and 54 with I l l i n o i s  No. 6 
bituminous, and Test  55 and 58 with Montana subbituminous are given i n  Table 1. 
These compositions were der ived  from the  r o u t i n e  u l t i m a t e  and proximate ana lyses  
made during opera t ion  of  t h e  HYGAS p l a n t  and correspond t o  t h e  coa l  feeds  when 
t h e  water  samples were taken .  Carbon conversions i n  t h e s e  HYGAS tests ranged 
from 44% t o  88%. Complete carbon conversion was not one of  t h e  o b j e c t i v e s  i n  
t h e s e  HYGAS tests;  consequent ly ,  i n t e r p r e t a t i o n  of t h i s  p o l l u t a n t  d a t a  i s  subjec t  
t o  t h e  c o n s t r a i n t  t h a t  more complete carbon conversion w i l l  be  obtained i n  
f u t u r e  p i l o t  p l a n t  tests. 

Eff luent  product ion i n  t h e  quench condensate s l u r r y  (from t h e  water  quenching 
o f  t h e  g a s i f i e r  crude product  gas)  i s  repor ted  i n  Table 2 a s  a func t ion  of  coal  
type  and carbon i n  t h e  feed on a moisture  and a s h - f r e e  basis (MAF). This stream 
is  a major source  o f  p o l l u t a n t s  and has a r e l a t i v e l y  high water i n v e n t o r y  (-2600 
ga l lons)  which genera l ly  c o n t r i b u t e s  t o  more p r e c i s e  a n a l y t i c a l  r e s u l t s .  
o f  t h e  p o l l u t a n t s  was c o r r e l a t e d  w i t h  t h e  carbon i n  t h e  feed by a l i n e a r  r e g r e s s i o n  
a n a l y s i s ,  and t h e  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  a l s o  given i n  Table 2 .  
The c o r r e l a t i o n  c o e f f i c i e n t s  were then  t e s t e d  f o r  s i g n i f i c a n c e  from zero us ing  
F i s h e r ' s  Z t e s t  with a two-sided p r o b a b i l i t y  a t  95% confidence and (n-21 degrees 
of  freedom. 
i s  t h e  e f f e c t  o f  carbon i n  t h e  feed on th iocyanate ,  while  t h e  weakest s i g n i f i c a n c e  
(50%) i s  t h e  e f f e c t  o f  carbon on ammonia. What i s  perhaps most i n t e r e s t i n g  is 
t h e  nega t ive  s l o p e s  (meaning p o l l u t a n t  product ion is i n v e r s e l y  propor t iona l  t o  
carbon content  i n  t h e  feed)  f o r  a l l  p o l l u t a n t s  except  s u l f i d e  and ammonia. 
r e s u l t  occurs pr imar i ly  because o f  the  inf luence  of  pretreatment  on t h e  bituminous 
c o a l s ,  which lowers t h e  l e v e l s  of t o t a l  d i sso lved  s o l i d s ,  phenol ,  t o t a l  o rganic  
carbon,  th iocyanate .  and t o t a l  s u l f u r  i n  t h e  g a s i f i e r  quench condensate. 
q u a n t i t i e s  of t h e s e  p o l l u t a n t s  were found i n  the  p r e t r e a t e r  quench waters .  The 
s u l f i d e s  and ammonia however, appear  t o  be generated p r i m a r i l y  i n  t h e  g a s i f i e r .  

Each 

According t o  t h i s  t e s t ,  the  s t r o n g e s t  s i g n i f i c a n c e  from zero (77%) 
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Table 3 presents  t h e  r e s u l t s  o f  l i n e a r  regress ion  analyses  f o r  feed  c o n s t i t u e n t s  
o t h e r  than carbon and t h e i r  e f f e c t  upon s e l e c t e d  p o l l u t a n t s  i n  t h e  crude gas  
quench. These analyses  include oxygen on phenol, s u l f u r  on s u l f i d e  and th iocyanate ,  
n i t rogen  on ammonia and th iocyanate ,  and hydrogen on phenol and ammonia. The 
regress ion  a n a l y s i s  f o r  hydrogen i n  t h e  coa l  feed on phenol product ion i n  t h e  
g a s i f i e r  gave t h e  s t r o n g e s t  i n d i c a t i o n  of a l i n e a r  c o r r e l a t i o n .  
c o e f f i c i e n t  f o r  t h i s  regress ion  was 0.921 with a s i g n i f i c a n c e  from zero of  85%. 
About 40% of the t o t a l  phenol from bituminous coa l  was produced during pre t rea tment ,  
which appeared t o  s i g n i f i c a n t l y  reduce phenol product ion i n  t h e  g a s i f i e r .  Total  
phenols produced with bituminous coa ls  were 2.9 lb / ton  feed (MAF) i n  Test 46 and 
5.6 lb / ton  feed (MAF) i n  Test  54. This t o t a l  was much l e s s  than t h e  phenol 
product ion of 1 1 . 2  lb / ton  feed  (MAF) with l i g n i t e  coa l  (Test 37)  and approximately 
16 lb / ton  feed (MAF) with subbituminous coa l  (Tests  55 and 58). 

The c o r r e l a t i o n  

HYGAS OIL COMPONENTS 

A n e t  make of l i g h t  o i l  (benzene, t o l u e n e ,  and xylene) i s  produced i n  t h e  HYGAS 
process  and to luene  i s  used i n  t h e  p i l o t  p l a n t  t o  represent  t h i s  product .  Coal 
feed i s  s l u r r i e d  with t h e  o i l  f o r  i n t r o d u c t i o n  i n t o  t h e  high-pressure g a s i f i e r .  
E s s e n t i a l l y  al l  t h e  o i l  i s  recycled by recovery from t h e  product gas  quench condensate 
and t h e  product gas  cyclone s l u r r y .  Toluene i s  added only f o r  l o s s e s  which a r e  
s p e c i f i c  t o  t h e  p i l o t  p l a n t ,  i . e . ,  pump s e a l s ,  s torage  tanks,  vent  gases ,  and 
vapor i n  product gas .  
source of polynuclear  aromatics ,  p o t e n t i a l  carcinogens,  and p o t e n t i a l l y  t o x i c  
organic  compounds. Consequently, i t  is necessary t o  screen t h e  chemical composition 
o f  t h i s  o i l  f o r  p o s s i b l e  h e a l t h  and s a f e t y  hazards .  
t h i s  o i l  changes i n  composition as  a func t ion  of  opera t ing  time and g a s i f i c a t i o n  
condi t ions .  Presumably, equi l ibr ium compositions w i l l  be reached under extended 
s t e a d y - s t a t e  condi t ions.  

The o i l  used i n  t h e  coa l  feed s l u r r y  r e p r e s e n t s  a concentrated 

A s  each HYGAS t e s t  p rogresses ,  

Compositions f o r  o i l  samples taken during HYGAS Test 37 us ing  l i g n i t e  coa l  
and Test  58 using subbituminous coa l  are shown i n  Table 4 .  The d i f f e r e n c e s  i n  
compositions f o r  t h e  heavier  th ree- ,  four - ,  and f i v e - r i n g  compounds may be due 
t o  t h e  type o f  c o a l ,  t o  p l a n t  opera t ion ,  and poss ib ly  o t h e r  f a c t o r s .  The presence 
of  many compounds i n  t h e  i n i t i a l  samples occurs  because the  p l a n t  o i l  inventory  
of  -6000 g a l  remaining a f t e r  one t e s t  i s  reused f o r  c o a l  s l u r r y  i n  t h e  subsequent 
t e s t .  

Phenol composition i s  important  because of t h e  e f f e c t s  var ious water- 
s o l u b l e  phenols may have on biosystems designed f o r  wastewater cleanup. 
i n  t h e  feed c o a l - o i l  s l u r r y  with l i g n i t e  coa l  a r e  charac te r ized  as major f r a c t i o n s ,  
40% each, C1- and C -phenols (where C r e p r e s e n t s  t h e  methyl o r  a l k y l  groups, 
i . e . ,  isomers were not  separa ted)  and 10% each f o r  phenol and C -phenols. With 
t h e  subbituminous c o a l ,  t h e  major phenol ic  f r a c t i o n s  cons is ted  af C -, C2- ,  and 
C -phenols (approximately 30% each) with minor f r a c t i o n s  of  phenol and C - 
p2enols (about 10% each) and about 1% C5-phenols. 

Phenols 

2 

1 
4 

HYGAS SOLIDS COMPOSITION 

During g a s i f i c a t i o n ,  t ransformat ion  and e l imina t ion  of  s u l f u r  from one 
c l a s s  of compounds t o  another  occurs  as t h e  coal  chars  move through t h e  var ious  
g a s i f i c a t i o n  s tages .  
t h e  t o t a l  s u l f u r  en tered  t h e  g a s i f i e r  as organic  and p y r i t i c  s u l f u r  i n  t h e  coal  
feed.  
of hydrogen (from 1 . 2 %  i n  feed  coa l  t o  25% of  t o t a l  s u l f u r  i n  f i r s t - s t a g e  char )  
while  t h e  remaining s u l f u r  spec ies  a l l  decreased.  Table 5 l ists  t h e  q u a n t i t i e s  

For t h e  subbituminous coa l  used i n  Test  58, about 91% of 

In t h e  g a s i f i e r ,  s u l f i d e  s u l f u r  increased  s i g n i f i c a n t l y  i n  t h e  presence 
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of  each s u l f u r  class dur ing  g a s i f i c a t i o n .  The normalized d a t a ,  based upon 100 
l b s  of coal feed ,  show t h a t  t h e  bulk o f  t h e  s u l f u r  (approximately 70%) i s  r e a c t e d  
dur ing  the f i r s t  s t a g e  of g a s i f i c a t i o n  and t h a t  l e s s e r  amounts of 1 2 %  each a r e  
r e a c t e d  i n  t h e  second-stage and i n  the steam-oxygen bed. Overal l ,  about 70% of 
t h e  s u l f i d e  and s u l f a t e  spec ies  were g a s i f i e d  along wi th  95% of t h e  organic  and 
p y r i t i c  s u l f u r s  f o r  an o v e r a l l  s u l f u r  removal of  92% from t h e  coa l  feed t o  the  
spent  char. 

The t r a c e  elements i n  s o l i d s  obtained from g a s i f i c a t i o n  of  subbituminous 
c o a l  during Test  55, can be s p l i t  i n t o  severa l  c a t e g o r i e s  according t o  t h e  
q u a n t i t i e s  found i n  t h e  feed  coal  as compared t o  those  found i n  t h e  spent  char .  

Group 1: 90% t o  100% recovery i n  the  ash  - 
Be, V, Mn, Zn, L i ,  C r ,  Pb 

Group 2 :  50% t o  90% recovery i n  t h e  ash  - 
Fe, Ba, As, B, F, T1, N i ,  Cu, Mo 

0 Group 3:  Less than  50% recovery i n  t h e  ash - 
C 1 ,  Se, Cd, Hg. 

Elements p r i m a r i l y  re leased  from char  i n  t h e  steam-oxygen zone - 
Fe, As, Se, T1, N i ,  Cu, Cd, Mo 

Elements p r i m a r i l y  re leased  from char  i n  f i rs t  and second s t a g e s  of 
g a s i f i c a t i o n  - Ba, B, C 1 ,  F, Hg 
Elements i n  chars  from f i r s t  and second s t a g e s  of  g a s i f i c a t i o n  with 
h igher  concent ra t ions  than i n  t h e  feed coa l  - Fe, T1,  N i ,  Cu, Cd, Pb, 
Mo, C r .  

For t h e  l a t t e r  group of elements, mater ia l  ba lances  ind ica ted  t h a t  2130% 
e x i s t e d  i n  g a s i f i e r  chars  compared with t h e  feed c o a l s .  Two of  t h e s e  elements ,  
Pb and C r ,  showed e s s e n t i a l l y  no n e t  disappearance from coal  feed  t o  char  ash.  
For three  elements, Pb, Mo, and Cd, 208%, 247%, and 262%,  r e s p e c t i v e l y ,  o f  coal  
feed  input  was found i n  t h e  upper s t a g e s  o f  g a s i f i c a t i o n .  
As and Se, a l l  of t h e  elements r e l e a s e d  pr imar i ly  i n  t h e  steam-oxygen zone showed 
an increased concent ra t ion  i n  chars  from t h e  upper s t a g e s  o f  g a s i f i c a t i o n .  The 
t r a c e  element d i s t r i b u t i o n  repor ted  here  may have r e s u l t e d  from t h e  l a r g e  
temperature  d i f f e r e n c e s  used i n  t h e  var ious  zones of t h e  r e a c t o r  and i n  t h i s  
r e s p e c t ,  t h e  HYGAS r e a c t o r  is not unique but  i s  comparable t o  o t h e r  i n d u s t r i a l  
processes  (power p l a n t s ,  s t e e l  p l a n t s ,  and o t h e r  coal  g a s i f i c a t i o n  r e a c t o r s )  where 
l a r g e  temperature g r a d i e n t s  e x i s t .  Moreover, t h e s e  t r a c e  element d a t a  represent  a 
s i n g l e  t e s t  of t h e  g a s i f i e r  and addi t iona l  t e s t i n g  i s  requi red  t o  determine 
"average" d i s t r i b u t i o n s  and a l s o  t h e  u l t i m a t e  f a t e  of  t h e  t r a c e  elements .  

With t h e  except ion o f  
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Table 2 .  E F F E C T  OF CARBON I N  COAL FEED ON POLLUTANTS I N  PRODUCT GAS 
QUENCH CONDENSATE STREAM FOR HYGAS REACTOR 

Test 37: Montana Ligni te  
Tests 46,  54: P r e t r e a t e d  I l l i n o i s  No. 6 B i t u m i n o u s  
Tests 55 ,  5 R :  Montana  Subbi tuminous  (Rosebud)  

Carbo" 
i n  Feed. 

T e s t  wf 5' 

37 69.5 

-- 

46 82.8 

54 8 2 .  6 

55 74.2 

58 74. b 

Linear Correlation 
CoefIicie"t.= r 

Significanced F ~ o m  
zero. B 

Phenol 
5-  -- 

4 . 3 1  0.24 5.21 0. IO 

0. 98 0. I2 0. 16 U. IO 

i.94 0 .13  L . L H  0.10 

6.54 1.05 11.5 0.44 

4. 50 I .  J O  1 0 . C  0.92 

-0. 782 -0. 653 

72.4 bl. b 

Total 
Orp."iC Total 
Carbon Thiocyanate Sulftde Ammonia su11ur 
P 5P r _ f i  5 =I x 9% L z  

ih / ton feed (MAFI 

9.97 0 . 5 3  o.nn 0 . 1 1  0.28 0.013 9.28 0.52 .. - -  
0. li  0.06 0. OJ2 0. 01 0. 52 0. 19 1 3 . 0  2.64 0.62 0. 16 

1.7" O.Jn 0. 17 0. 01 1.  3 0  0. IO 1 2 . 0  1 . 3 5  1.01 0. 20 

2 1 . 0  0 . n 2  I. 1 5  0. 07 0. 32 0.04 12. 5 0 . 9 7  5. 1 1  2. 27 

7.60 0 . ~ 2  0.48 0.04 0.43 0.06 13.8 1.20 2.91 a. 35 

-0.659 Q. H36 0. 722 0. 517 -0 .912  

62. I 77. 0 67.4 49. 6 63. 3 

a Moisture- and ash-lrre (SIAF) basis. 

LI_ = s/f i  where s i  standard deviation = ir!x - F 1 2 / l n  - 111 'I2. 87704 11  32 

Perfect linear ~ o r ~ ~ l a f m n  i r  indicated at I =  f l :  linear independence is  indicated at r = 0. 

Using Fisher's Z Lest. t'uo-slded TL0.95, I n - Z l D F ] .  

Table 3. EFFECT O F  COMPONENTS I N  COAL FEED ON POLLUTANTS FOUND I N  PRODUCT 
GAS QUENCH CONDENSATES FOR HYGAS T E S T S  37,  46, 54,  5 5 ,  AND 58 

Regress iona  

Gxygen on Phenol  

Sulfur on Sulfide 

Sulfur on Thiocyanate 

Nitrogen on Ammonia  

Nitrogen on Thiocyanate 

Hydrogen on Phenol 

Hydrogen on Ammonia  

Linear  
Corre la t ion  
Coefficient,  

0.676 

0.640 

-0.855 

0. 151 

-0.856 

0.921 

- 0 . 1 5 6  

SignificanceC 
F r o m  Zero, 

% 
d _ _  

60. 4 

7 8 . 7  

15. 0 

78.7 

84. 8 

15 .6  

a ELements in  coal feed (MAF) on pollutant levels ( repor ted  tn Tables  

r = 1 for p e r f e c t  l i n e a r  cor re la t ion ,  dnd r = 0 f o r  l inear  independence. 

Using F i s h e r ' s  Z t e s t ,  two-sided TL0.95, ( n - 2 ) D F l  

1 and 2 ). 

Oxygen in coal determined  by di f fe rence ;  t h e r e f o r e ,  only 2 d e g r e e s  of 
f reedom and a very  low significance. 
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Table 4 .  COMPOSITION OF LIGHT OIL IN COAL FEED SLURRY TO HYGAS REACTOR 
HYGAS TEST 37 USING MONTANA LIGNITE FEED 

HYGAS TEST 58 USING MONTANA SUBBITUMINOUS FEED 

Test No. 37 58 
Sample Age (Days of Plant Operation) - 1 1 2 2 1 2  

Aliphatics 
Benzene 
Toluene 
C - C  Benzenes 
Iidei?es 
Indanes 
Phenols 
Napthalenes 
Biphenyls 
Acenaphthenes 
Acenaphthalenes 
Fluorenes 
Phenanthrenes/Anthracenes 
Pyrene 
Flouranthenes 
Benzof luorenes 
Benzoflouroanthene 
Benzo-Pyrene 
Furans 
Miscellaneous E Unknowns 

Totals 

\ 

F t  %- 

0.49 1.08 6.85 7.27 
1.37 6.94 5.13 7.10 
94.9 85.2 71.3 69.8 
0.98 1.90 3.98 3.98 

-- 1.27 1.02 
0.20 1.14 3.80 2.44 
0.62 1.65 4.47 5.00 
0.077 0.086 0 .30  0.28 
0.020 0.11 0.11 0.11 

_ _  0.10 0.092 

0.44 0.44 
0.013 0.027 0.059 0.029 

0.12 0.089 
0.006 0.003 

-- 0.005 0.016 
'0.005 0.002 
0.62 0.67 

0.041 1.41 0.25 0.27 _ _  

_ _  
0.06 n.11 0.49 0.35 _ _  _ _  
_ _  _ _  

-_  _ _  
_ _  
_ _  _ _  

-- _ _  
---- 1.22 0.34 0.67 0.90 
99.99 100.0 99.98 99.86 

Table 5. GASIFICATION OF SULFUR BY SPECIES DURING HYGAS TEST 58 
USING ROSEBUD SUBBITUMINOUS COAL 

From HYGAS Routine F irs t -S tage  Second-Stage 
Ultimate Analyses* Coal F e e d  Gasif icat ion Gasif icat ion Spent Char 

No. of Samples :  63 22 20 85 ____ 
wt %. 

Ash 9.48t0.055 1 8 . 1 9 * 0 . 7 1  23.61*1.41 28.45*0.68 
Sulfur 0 . 9 1  f 0.012 0.48 * 0.07 0.40 * 0.08  0.16 * 0.003' 

Sulfur Gasif ied 
Spent Char /Feed, 

Sulfur Spec ie s  Ib S I 1 0 0  Ib Coal F e e d  % 

Sulfide 
Sulfate 
organ ic  
pyrit ic  

0.062 0.052 0.003 70. 0 
66. 7 
93. 3 

0.010 96. 6 

0.01 
0.031 0.034 0.020 0.06 

0.45 0.125 0.070 0.030 
0.29 - 0.036 - 0.006 - 

SUm 0.81 0.255 0. I62 0.063 

Total Sulfur Gas i f i ed .  % 0 68. 5 80.0 92. 2 

*Limits shown are 95% confidence levels d e t e r m i n e d  by ( G  * 1.960 ). Data are from normal HYGAS operatlono. 

' 70 s a m p l e s  involved in sulfur ana lys i s .  
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T a b l e  4 .  COMPOSITION OF LIGHT OIL I N  COAL FEED SLURRY TO HYGAS REACTOR 
HYGAS TEST 37 USING MONTANA LIGNITE FEED 

HYGAS T E S T  58 USING MONTANA SUBBITUMINOUS FEED 

Test No. 37 58 
1 12 2 12 Sample Age (Days of Plant Operation) - - - -  

-wt t-- 
Aliphatics 
Benzene 
Toluene 
C - C  Benzenes 
I?ideaes 
Indanes 
Phenols 
Naphthalenes 
Biphenyls 
Acenaphthenes 
Acenaphthalenes 
Fluorenes 
Phenanthrenes/Anthracenes 
Pyrene 
Flouranthenes 
Benzof luorenes 
Benzoflouroanthene 
Benzo-Pyrene 
Furans 
Miscellaneous E Vnknowns 

Totals 

0.49 1.08 6.85 7.27 
1.37 6.84 5.13 7.10 
94.9 85.2 71.3 69.8 
0.98 1.90 3.98 3.98 
0.041 1.41 0.25 0.27 -- -- 1.27 1.02 
0.20 1.14 3.80 2.44 
0.62 1.65 4.47 5.00 
0.077 0.086 0.30 0.28 
0.020 0.11 0.11 0.11 -- -- 0.10 0.092 
0.06 0.11 0.49 0.35 -- -- 0.44 0.44 
0.013 0.027 0.059 0.029 -- -- 0.12 0.089 -- -- 0.006 0.003 
-- -- 0.005 0.016 -- -- 0.00s 0.002 -- -- 0.62 0.67 
1.22 0.34 0.67 0.90 

99.99 100.0 99.98 99.86 
__ 

Table 5 .  GASIFICATION OF SULFUR BY SPECIES DURING 
HYGAS TEST 58 USING ROSEBUD SUBBITUMINOUS COAL 

From HYCAS Routine F i  I st-Stage Second-Stage 
Ultimate A m a l y a e ~ *  Coal Feed Gasification Gasification Spent Char --- 

NO. 01 Sarnplee: 63  22 20 8 5  
7 7  

~ _ I _  

Aih 9 . 4 8 * 0 . 0 5 5  1 8 . 1 9 * 0 . 7 1  2 3 . 6 1 -  1 . 4 1  2 8 . 4 5 * 0 . 6 8  
Sulfur 0 . 9 i * 0 . 0 1 2  0 . 4 8 * 0 . 0 7  0 . 4 C ~ ~ 0 . 0 8  0 . 1 6 * 0 . 0 0 3 t  

Sulfur Caaified 
Spent ChrrfFead. 

sulfur Spec ie s  Ib S f 1 0 0  Ib Coal Feed 7. 
Sulfide 
Sulfate 
O*g*"iC 
Fyritic 

0.01 0.062 0.052 0 .003  70.0 
0.06 0.  031 0.034 0 .020  66. 7 
0 . 4 5  0. I25 0.070 0.030 93.3 

0.010 96.6 0.006 0 . 2 9  __ - 0.036 - - 
sum 0.81 0.255 0.162 0.063 

Total Sulfur Gasified. I. 0 68.  5 80.0 92 .2  

'Limits s h a m  are 95% confidence levels determined by ( G  * ). Dot. arc from n o r m i  HYCAS operatbn.. 

70 #ample* involved in sullur anriysia. A77020124 



F i g u r e  1 .  THE HYGAS PROCESS USING A STEAM-OXYGEN G A S I F I E R  
TO PRODUCE HYDROGEN-RICH GAS 

F- A A W  GAS 

SLUARY DRYING 

GAS-SOLIDS 
OISENGAGING 

FIRST-STAGE 
HYOAOCASIFICATION 

Figure 2.  HYGAS P I L O T  PLANT REACTOR 
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