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SUMMARY 

The paramet r ic  s tudy  of t h e  f l a s h  hydropyroly.sis of sub-bituminous 

c o a l  is  i n  progress .  35 s u c c e s s f u l  experiments  have been completed t o  

d a t e .  BTX (benzene, t o luene ,  and xylene)  y i e l d s  from t h e  c o a l  have been 

found t o  be  a s  h igh  a s  15% and t h e  t o t a l  l i q u i d  y i e l d s  approximately 20%. 

Compared t o  l i g n i t e ,  t h e  sub-bituminous c o a l  produces a 50% g r e a t e r  

amount of BTX wi th  a much sma l l e r  y i e l d  of heav ie r  l i q u i d s  (2 C ). The 
9 

t o t a l  l i q u i d  y i e l d s  w e r e  approximately t h e  same i n  bo th  c a s e s  a n d . t h e  

composition of t h e  heav ie r  l i q u i d s  was a l s o  s i m i l a r .  Maximum gaseous 

hydrocarbon y i e l d s  produced a t  2500 p s i  were a l s o  s i m i l a r  t o  t h a t  of l i g n i t e ,  

84 t o  88%, except  t h a t  a t  lower p r e s s u r e s  t h e  sub-bituminous proved t o  be  

more r e a c t i v e ,  y i e l d i n g  55% methane p l u s  e thane  a t  1000 p s i  compared t o  

35% f o r  t h e  l i g n i t e .  

A nuqber of exp lo ra to ry  experiments  were conducted us ing  l i g n i t e  

ground t o  less than  55 microns and l i g n i t e  impregnated w i t h  potassium 

carbonate  (K2C03). I n  one experiment,  t h e  f i n e l y  ground l i g n i t e  a t  2500 

p s i  and 7 5 0 ~ ~  produced a h igher  y i e l d  of BTX than  normal (14% v s  9%) bu t  a t  

some r educ t ion  i n  gaseous hydrocarbons.(30% v s  40%). The purpose of impreg- 

n a t i n g  t h e  l i g n i t e  w i t h  K CO was t o  reduce t h e  caking problems p rev ious ly  
2 3 

encountered a t  4000 p s i  hydrogen p r e s s u r e  and t o  improve t h e  low tempera- 

t u r e  (< 800 '~)  conversion of t h i s  coal.. Although only  2 experiments  were 

conducted, t h e  t rea tment  d i d  no t  appear  t o  improve t h e  y i e l d s .  

The s u l f u r  contained i n  t h e  char  remaining a f t e r  r e a c t i n g  t h e  l i g n i t e  

was clrLerlul l lecl  Lu L e  aPp~ljni i i ia tc ly  952 i n  the form s f  o rgan ic  s u l f u r ,  Thc 

s u l f u r  i n  t h e  o r i g i n a l  l i g n i t e  i s  approximately 64% i n  t h e  organic  form. 



It would appear  t h a t  t h e  p a r t i c u l a r  organic  form of s u l f u r  i n  t h e  

l i g n i t e  is  a b l e  t o  su rv ive  extreme temperature (: 9 0 0 ~ ~ )  a t  t h e  s h o r t  

r e s idence  t ime it  is  subjec ted  t o  i n  t h e  FHP r e a c t o r .  Ex t r ac t ion  of t h i s  char  

w i t h  MEK, benzene and cyclohexane f a i l e d  t o  produce any m a t e r i a l  t h a t  

0 
could be i d e n t i f i e d  on a  gas  chromatograph a t  230 C. The char  e x t r a c t i o n  

d i d  y i e l d  a r e s i d u e  t h a t  represented  1% of t h e  carbon i n  t h e  feed  l i g n i t e .  

A r e p o r t  e n t i t l e d ,  "Coal Conversion i n  F l a sh  Hydropyrolysis Reactors", 

is being completed and w i l l  inc lude  bhe mqst r e c e n t  modelling of t h e  

r e a c t i o n  scheme f o r  t h e  experimental  d a t a  obta ined  on t h e  FHP of North 

Dakota l i g ~ ~ I L t ! .  



I. OBJECTIVE AND SCOPE OF WORK 

The program o b j e c t i v e  is  t o  o b t a i n  process  chemistry and des ign  

information on t h e  F lash  Hydropyrolysis Process  (FHP), a  r ap id  gas-phase 

non-ca ta ly t ic  c o a l  hydrogenation technique being inves t iga t ed  a t  BNL. (1,2) 

The work inc ludes  t h e  des ign ,  cons t ruc t ion ,  and ope ra t ion  of a  1 l b / h r  

down-flow en t r a ined  t u b u l a r  r e a c t o r  system capable of ope ra t ing  a t  up t o  

0 900 C and 4000 p s i  and inco rpora t ing  on-l ine product a n a l y s i s .  The experi-  

mental u n i t  is  used t o  s tudy t h e  e f f e c t  of such process  v a r i a b l e s  a s  

temperature,  p re s su re ,  feed  r a t e s ,  r e s idence  time, c o a l  type  and feed  gas 

composition t o  maximize l i q u i d  and/or gaseous y i e l d s  and t o  complete mass 

ba lances  of feed  t o  product.  

11. TUBULAR REACTOR EXPERIMENTAL RESULTS 

Work Accomplished 

a )  Parametr ic  Study Using New Mexico Sub-bituminous Coal 

0 
The parametr ic  s tudy of product y i e l d s  a t  temperatures  of 700 t o  

9 0 0 ~ ~  and p re s su res  from 1000 t o  2500 p s i  us ing  sub-bituminous c o a l  is  

progress ing .  Previous ly  r epo r t ed  i n i t i a l  problems wi th  r e a c t o r  and sample 

l i n e  plugging have been solved and a s i g n i f i c a n t  amount of information has  

been accumulated. An a n a l y s i s  of t h i s  c o a l  p lus  t h e ' l i g n i t e  s tud ied  i s  

given i n  Table I. In  F igure  1, t h e  r e s u l t s  of a  series of 35 experiments 

a r e  shown. The maximum y i e l d  of BTX i s  found t o  be  a s  h igh  a s  approximately 

15% a t  2000 t o  2500 p s i  and decreases  only  t o  approximately 12% a s  t h e  

p re s su re  i s  reduced t o  1000 psi.. Also, t h e  temperatures  a t  which maximum 

0 
y i e l d s  a r e  obta ined  decrease  wi th  increased  p re s su re ,  going from 8 2 5 C  a t  

1000 psi.  t o  7 7 5 ' ~  a t  2500 p s i .  When t h e s e  y i e l d s  p l u s  t h e  gaseous hydro- 

carbons formed (CH4 + C H ) are compared t o  t h e  same products  from l i g n i t e  
2 6 



as shown i n  F igure  2, a cons t an t  incremental  y i e l d  of approximately 5% 

i n  a b s o l u t e  y i e l d  f o r  both t h e  BTX and gaseous hydrocarbons is  observed 

f o r  t h e  sub-bituminous coa l .  This  r e s u l t s  i n  a n  o v e r a l l  10% i n c r e a s e  i n  

y i e l d  of hydrocarbon products  f o r  t h e  sub-bituminous c o a l  compared t o  t h e  

l i g n i t e .  The y i e l d  of heavier  l i q u i d  products  (2  C ) from t h e  sub-bituminous, 
9 

al though n o t  completely inves t iga t ed ,  appears  t o  be much lower than  t h a t  

ob ta ined  from l i g n i t e ,  ranging from approximately 2 t o  5%. When t h i s  i s  

added t o  t h e  maximum y i e l d s  of BTX, however, t h e  t o t a l  l i q u i d  y i e l d  is  on 

Llie average equal  t o  o r  s l i g h t l y  g r e a t e r  than  t h a t  from l i g n i t e .  

0 
A t  t empera tures  of .. 8.50 C and h ighe r ,  t h e  l i q u i d  hydrocarbons a r e  

seen  t o  decompose almost e n t i r e l y  t o  produce gaseous hydrocarbons, 

p r i n c i p a l l y  methane and ' e thane .  This  p lus  th.e a d d i t i o n a l  gaseous products  

formed d i r e c t l y  from t h e  c o a l  r e s u l t  i n  t h e  maximum gaseous y i e l d s  shown 

i n  F igure  3.  Although a s  prev ious ly  mentioned, t h e  s tudy  of t h e  New 

Mexico sub-bituminous c o a l  is  s t i l l  i n  progress ,  t h e  information t o  d a t e  

i n d i c a t e s  i t  behaves s i m i l a r l y  t o  l i g n i t e  i n  g a s i f i c a t i o n  except  t h a t  

g r e a t e r  y i e l d s  a r e  obta ined  a t  lower p re s su re .  AC 1000 p s i  t h e  l i g n i t e  

y i e l d s  approximately 35% gaseous products  and t h e  sub-bituminous 55%, an 

almost  60% i n c r e a s e  over  t h e  l i g n i t e .  A t  2500 p s i ,  approximately t h e  

same y i e l d s  (84 t o  88%) w e r e  ~bserved f o r  both coals a n d  t h ~  y i e l d s  appear 

t o  be a d i r e c t  f u n c t i o n  of t h e  hydrogen p re s su re ,  Lncreasing a t  a f a s t e r  

r a t e  of 18% conversion f o r  l i g n i t e  and slower rate of 10% f o r  sub-bituminous 

f o r  each 500 p s i  i n c r e a s e  i n  pressure .  These y i e l d s  were a l l  produced a t  

a hydrogen t o  c o a l  feed  r a t i o  of approximately 1 l b / l b  and a t  c o a l  

r e s idence  times between 2.4 and  7 seconds. It was found t h a t  a t  ~ h o r t e r  

r e s idence  t imes  t h e  r e a c t i o n  d i d  not  reach  t h e  completion and a t  longer  



r e s idence  t i m e s ,  decomposition of t h e  methane reduced t h e  t o t a l  conversion. 

Also, s i n c e  higher  temperatures  a c c e l e r a t e  t h e  decomposition, t h e  competing 

r e a c t i o n s  of formation and decomposition a t  2000 t o  2500 p s i  r e s u l t  i n  t h e  

maximum y i e l d  f r equen t ly  occurr ing  a t  temperatures  lower than  t h e  maximum 

s tud ied  ( 9 0 0 ~ ~ ) .  Table I1 g ives  t h e  maximum y i e l d s  observed t o  d a t e  

us ing  t h e  sub-bituminous c o a l  f o r  both t h e  l i q u e f a c t i o n  and g a s i f i c a t i o n  

s t u d i e s .  

Also of i n t e r e s t  i s  t h a t  i n  most of t h e  experiments t h e r e  was l i t t l e  o r  

no oxides  of carbon formed when us ing  t h e  sub-bituminous coa l .  This  compares 

t o  s i g n i f i c a n t  amounts of carbon oxides  formed when us ing  l i g n i t e .  

b) E f fec t  of P a r t i c l e  S i z e  on Yie lds  from L i g n i t e  

It was previous ly  r epo r t ed  t h a t  l i g n i t e  p a r t i c l e s  of l e s s  than  55 

microns (< 5 5 ~ )  could not  be f ed  t o  t h e  r e a c t o r  system and t h a t  < 87p 

p a r t i c l e s  showed l i t t l e  d i f f e r e n c e  i n  y i e l d s  a s  compared t o  < 1 5 0 ~ .  These 

smal le r  p a r t i c l e s  have been s u c c e s s f u l l y  f ed  t o  t h e  r e a c t o r  a f t e r  modifying 

t h e  feeder  and t h e  r e s u l t s  a r e  given i n  Table 111. I n  t h e  f i r s t  experi-  

ment, run 201, conducted a t  7 5 0 ' ~  and 1500 p s i ,  t h e  only  d i f f e r e n c e  i n  

product y i e l d  from experiments us ing  t h e  normal c o a l  g r ind  (< 1 5 0 ~ )  appears  

t o  be a s l i g h t  i n c r e a s e  i n  t h e  BTX y i e l d  and a decrease  i n  t h e  y i e l d  of 

heav ie r  l i q u i d s  (- ? cg )  . I n  t h e  second experiment,  run  228, conducted a t  

t h e  same temperature and 2500 p s i ,  t h e  d i f f e r e n c e  i n  product y i e l d  a s  

compared t o  < 1 5 0 ~  p a r t i c l e s  is  more pronounced. With t h e  < 1 5 0 ~  p a r t i c l e s ,  

t h e  gaseous hydrocarbon y i e l d s  a r e  gene ra l ly  g r e a t e r  than  40Xwhi le  t h e  

5 5 ~  p a r t i c l e s  y i e ldcd  only approximately 30%. A l s n ,  t h e  larger p a r t i c l e s  

u s u a l l y  produce l i q u i d  y i e l d s  of approximately 9% BTX and heav ie r  l i q u i d s ,  

whi le  w i th  t h e  < 5 5 ~ 1  p a r t i c l e s  t h e s e  y i e l d s  were approximately 14% f o r  



t h e  BTX and 3% f o r  t h e  heav ie r  l i q u i d s ,  g iv ing  almost t h e  same t o t a l  

l i q u i d  y i e l d .  

c )  Product Yield from Potassium Carbonate Treated L i g n i t e  

I n  Table. I V ,  t h e  r e s u l t s  a r e  shown f o r  two experiments conducted 

us ing  North Dakota l i g n i t e  impregnated wi th  15  w t %  K CO Impregnation 
2 3 '  

was accomplished by thoroughly we t t i ng  t h e  ground c o a l  w i th  a s o l u t i o n  

0 
of K2C03, dry ing  t h e  c o a l  i n  a vacuum oven a t  70 C t o  cons t an t  weight 

and then re -s iev ing  t h e  coa l .  The reasons  f o r  t hose  experiments were 

two fo ld :  ( I )  t o  t r y  t o  reduce t h e  caking q u a l i t y  of t h e  l i g n i t e  a t  

e l eva t ed  p re s su res  (% 4000 p s i )  wlwrr previous experiments i.ndi'.cat~.d 

caking which r e s u l t e d  i n  a plugged r e a c t o r ,  (2) t o  t r y  t o  i nc rease  t h e  

0 
low temperature (<  800 C) g a s i f i c a t i o n  q u a l i t y  of t h e  l i g n i t e .  Nei ther  

experiment was a success .  I n  t h e  f i r s t ,  conducted a t  7 5 0 ' ~  and 4000 p s i ,  

t h e  r e a c t o r  plugged a s  prev ious ly ,  and, a l though t h e  y i e l d . o f  gaseous 

hydrocarbons was approximately t h e  same as observed i n  s h o r t . t e r m  experi-  

ments u s ing  un t r ea t ed  l i g n i t e  (% 65%) , the  y i e l d  of BTX was cons iderably  

0 less ( 6 . 6 2  v s  I h X j .  Pn the second experiment,  conducted a t  750 C and 

2500 p s i ,  none of t h e  y i e l d s  were a s  h igh  a s  rlonnally obta ined  from 

t h e  un t r ea t ed  l i g n i t e .  

Work Forecas t  

The paramerr lc  s tudy  of t h e  sub-bituminous c o a l  w i l l  cont inue  and 

w i l l  i nc lude  t h e  e f f e c t  on conversion of low hydrogen t o  c o a l  feed r a t i o .  

Other t r e a t e d  c o a l s  w i l l  b e  used, inc luding  calcium t r e a t e d  I l l i n o i s  No. 6 

suppl ied  by both B a t t e l l e  Columbus Labora to r i e s  and t h e  I n s t i t u t e  of Gas 

Technology. A f u r t h e r  i n v e s t i g a t i o n  w i l l  Le uadr of t h e  two o t h e r  feed 

gases  CO-H and CH4, p r ev ious ly  t r i e d ,  i n  which t h e  r e s u l t s  were found 
2 



t o  be  inconclus ive .  

111. PRODUCT ANALYSES WD .MATERIAL BALANCES 

Work Accomplished 

a )  Heavy Liquid Hydrocarbon Produced from New Mexico 

Sub-bituminous Coal 

The heavy l i q u i d  (>  C ) which is  of molecular weight g r e a t e r  than  - 9 

BTX a r e  c o l l e c t e d  a t  t h e  end of each experiment and i f  a s u f f i c i e n t  quan t i t y  

is  formed, it is  analyzed and included i n  t h e  t o t a l  carbon balance a s  i n  

Table I. A s  p rev ious ly  mentioned, t h e  s tudy  of t h e s e  products  is  s t i l l  i n  

progress .  Although it p resen t ly  appears  t h e  quan t i t y  of C 's produced 
9 

from sub-bituminous c o a l  i s  l e s s  than  h a l f  t h a t  produced from l i g n i t e ,  it 

a l s o  appears  t h a t  t h e  t o t a l  l i q u i d s  produced (BTX + > C ) a r e  approximately - 9 

t h e  same f o r  both c o a l s .  Thus, t h e  BTX is  much h igher  f o r  t h e  sub-bituminous. 

The composition of t h e s e  heavier  l i q u i d s  i s  al 'so approximately t h e  same 

f o r  both c o a l s ,  conta in ing  about 60% naphthalene and o t h e r  two r i n g  

a romat ics ,  t h e  remainder being h igher  aromatic  spec i e s .  

b) Su l fu r  Balance 

50 t o  75% of t h e  s u l f u r  contained i n  t h e  l i g n i t e  f e d  t o  t h e  FHP 

system is  c o n s i s t e n t l y  found i n  t h e  r e s i d u a l  char .  A s  shown i n  Table V,  

a d e t a i l e d  a n a l y s i s  of t h e  ' l i g n i t e  and char  from run 177, 63.6% of t h e  

s u l f u r  i n  t h e  feed l i g n i t e  is i n  t h e  organic  form a s  determined .by t h e  

s tandard  ASTM method f o r  s u l f u r  i n  coa l .  Using t h e  same a n a l y t i c  method 

0x1 e l ~ e  char, 50.37; of r11e sulfur is found in this by-pruducl, 94.5% u1 

which is  i n  t h e  organic  form. This  r e p r e s e n t s  approximately 75% of t h e  

o r i g i n a l  organic  s u l f u r  i n  t h e  feed  l i g n i t e .  Almost a l l  t h e  s o l u b l e  and 

p y r i t i c  forms go i n t o  t h e  e f f l u e n t  water  produced and t h e  gases  vented t o  



t h e  atmosphere, s i n c e  l i t t l e  s u l f u r  is  found i n  t h e  hydrocarbon products .  

I n  o rde r  f o r  t h e  organic  s u l f u r  t o  su rv ive ,  i t  may be bound i n  t h e  c o a l  i n  

0 a form capable  of su rv iv ing  temperatures  a s  h igh  as 900 C. The s h o r t  

r e s idence  t ime may a l s o  be a f a c t o r  i n  maintaining t h e  s u l f u r  i n  t h e  

organic  form i n  t h e  cha r .  

c )  Ex t r ac t ion  of L i g n i t e  Char 

Three samples of char  from an experiment conducted us ing  l i g n i t e  were 

e x t r a c t e d  wi th  methyl e t h y l  ketone (MEK) benzene and cyclohexane. I n  each 

e x t r a c t i o n ,  t h e  s o l u t i o n  exh ib i t ed  a yellow-green f luorescence  and upon 

i n j e c t i o n  i n t o  a gas chromatograph a t  2 3 ~ ~ ~ ~  no peaks were observed except 

f o r  t h e  solvent,  implying t h e  e x t r a c t e d  m a t e r i a l  t o  c o n s i s t  of h igh  

molecular weight compounds. The MEK e x t r a c t  was evaporated and t h e  

r e s i d u e  weighed. It w a s  determined t o  r ep re sen t  approximately 1% of t h e  

carbon i n  t h e  feed  l i g n i t e .  The o t h e r  samples were no t  evaporated s i n c e  

t h e  MEK w a s  considered t o  be t h e  s t r o n g e r  so lven t .  

Work Forecas t  

An i n v e s t i g a t i o n  is  underway t h a t  may a l low a more d e t a i l e d  determina- 

t i o n  of t h e  s u l f u r  and n i t r o g e n  compound no t  p r e s e n t l y  measured. For 

example, t h e  p o s s i b l e  presence of COSY SOZ, and NO i n  t h e  gaseous t e f f luen t .  
X 

One method being i n v e s t i g a t e d  i s  t h e  a d d i t i o n  of a h igh  temperature 

pho to ion iza t ion  d e t e c t o r  t o  t h e  p re sen t  on-l ine process  gas  chromatograph. 

I V .  REACTION MODELLING AND DATA CORRELATION 

Work Accomplished 

A r e p o r t  e n t i t l e d ,  "Coal Conversion i n  F l a sh  Hydropyrolysis ~ e a c t o r s "  

' is being completed f o r  p r e s e n t a t i o n  a t  t h e  AlChE 87 th  National  Meeting, 

Boston, Massachuset ts .    he r e p o r t  w i l l  con ta in  a c o r r e l a t i o n  of t h e  



d a t a  from experiments conducted a t  1500, 2000, and 2500 p s i ,  u s ing  preheated 

hydrogen and l i g n i t e .  This  information is  used i n  the.  p re l iminary  des ign  of 

t h r e e  types  of r e a c t o r s ,  a f l u i d i z e d  bed, a cocurren t  down-flow en t r a ined  bed 

and a f a s t  f l u i d i z e d  bed, a l l  assuming a p l a n t  capac i ty  of 25,000 tonlday.  

Work Forecas t  

A s  soon a s  s u f f i c i e n t  d a t a  becomes .ava i lab le  from experiments us ing  

sub-bituminous c o a l ,  t h i s  d a t a  w i l l  be  c o r r e l a t e d  i n  a s i m i l a r  manner as 

was done f o r  t h e  l i g n i t e  da t a .  Also, t h e  p re sen t  r e a c t i o n  model being 

used w i l l  be modified t o  more c l o s e l y  r ep re sen t  t h e  a c t u a l  r e a c t i o n  

products  observed. 

V .  EXPERIMENTAL EQUIPMENT AND MODIFICATIONS 

Work Accomplished 

No s i g n i f i c a n t  changes were made t o  t h e  experimental  equipment dur ing  

t h i s  r e p o r t  per iod .  

Work Forecas t  

Two improvements t o  t h e  equipment a r e  a n t i c i p a t e d  i n  t h e  n e a r  f u t u r e .  

A new c o a l  f eede r  w i l l - b e  developed t o  a l low t h e  uniform feeding  of 

almost any dry  m a t e r i a l  of almost any p a r t i c l e  s i z e  and t h e  p re sen t  char  

r e c e i v e r  w i l l  be  enlarged t o  a l low experiments of longer  d u r a t i o n  than  i s  

p r e s e n t l y  poss ib l e .  

Also being inves t iga t ed  a r e  methods t o  in t roduce  steam i n t o  t h e  feed  

gas and a method by which t h e  r e a c t o r  can be opera ted  i n  a countercur ren t  

mode. 



V I .  CONCLUSIONS 

The fol.lowing conclus ions  can be drawn.from t h i s  work: 

1. The maximum y i e l d  of BTX.observed from t h e  FHP of sub-bituminous 

c o a l  is  a t  l e a s t  50% g r e a t e r  than  t h a t  from l i g n i t e  (10% f o r  l i g n i t e  and 

15% f o r  sub-bituminous). 

2. The t o t a l  l i q u i d s  y i e l d s  (BTX + 2 C ) a r e  approximately t h e  same 
9 

f o r  both c o a l s  (% 20%). 

3 .  Both types  of c o a l  t a n  be hydrogas i f ied  t o  methane and e thane  

up t o  approximately 85% conversion of t h e  carbon i n  t h e  f u e l  a t  2500 p s i  

and 875' t o  9 0 0 ~ ~ .  

4 .  The sub-bituminotls c o a l  y i e l d s  60% more gaseous hydrocarbons than  

t h e  l i g n i t e  a t  a p re s su re  of 1000 p s i  and temperatures  i n  t h e  range of 

875' t o  9 0 0 ~ ~ .  

5. The gaseous y i e l d  from both c o a l s  i s  d i r e c t l y  p ropor t iona l  t o  

t h e  hydrogen p re s su re  i n  t h e  range of 500 t o  2500 p s i .  

6. A l a r g e  p a r t  of t h e  o rgan ic  form of s u l f u r  i n  t h e  l i g n i t e  appears  

t o  bo prcocrvcd in t h c  chap product i n d i c a t i n g  a str011g ~ ~ ' g i i i l i c  su l1ur  

b inding  i n  l i g n i t e  which is no t  a f f e c t e d  by t h e  severe  cond i t i ons  i n  t h e  

s h o r t  r e s idence  t ime i n  t h e  r e a c t o r .  

7.  A sma l l e r  p a r t i c l e  sibe u1 c u a l  Leuds Lu y i e l d  a l a r g e r  amounr 

of BTX and a smal le r  amount of heavy l i q u i d s ;  t h e  o v e r a l l  y i e l d  remaining 

approximately t h e  same. 

8. Ex t r ac t ion  of t h e  l i g n i t e  cha r  i nd ica t ed  very  low r e s i d u a l ,  

s o l i d  heavy o i l s .  
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TABLE. I 

ULTIMATE ANALYSIS (WT PCT DRY) OF COALS USED I N  STUDIES 

North  Dakota New Mexico 
L i g n i t e  Sub-bituminous 

Carbon 59.0 59.3 

Hydrogen 4 .0  4.2 

Oxygen* 25.5 16.8 

Ni t rogen  0.9 1 .2  

S u l f u r  0.6 0.8 

Ash 10.0 17.7 

*By d i f f e r e n c e .  

TABLE I1 

MAXIMUM YIELDS FROM THE FLASH HYDROPYROLYSIS 
OF NEW MEXICO SUB-BITUMINOUS COAL 

Run No. 
Date 

0 
Reac to r  Temperature  ( C) 
Reac to r  P r e s s u r e  ( p s i )  
H2 Feed Rate ( l b l h r )  
Coal Feed Rate ( l b l h r )  
Residence Time ( s e c )  

P roduc t  Y i e l d s  (% Carbon Conver ted)  

CH4 
C H 
2 6 

T o t a l  Gas HC 

1 cg 
T o t a l  L i q u i d s  

T o t a l  

LIQUIDS GASES 



TABLE I11 

PRODUCT YIELDS FROM < 55p LIGNITE PARTICLES 

Run No. 
Date 
Reactor Temperature ('c) 
Reactor Pressure (psi) 
H2 Feed Rate (lblhr) 
Coal Feed Rate (lb/hr) 
Kesidence Time (sec) 

Product Yields (% Carbon Converted) 

CH4 

C2H6. 
Total Gas HC 

BTX 

1. c9 
Total Liquid 

Total 



TABLE IV 

PRODUCT YIELDS FROM NORTH DAKOTA LIGNITE 
TREATED WITH 15 WT% K2C03' 

Run No. 224 227 
Date , 2/1/79 2/9/79 
Reactor Temperature (OC) 750 750 
Reactor Pressure (psi) 4000 2500 
Hz Feed Rate (lb/hr) 1.1 0.9 
Coal Feed Rate (lblhr) 1.0 1.1 
Residence Time (sec) 10.7 7 .0 

Product Yields (% Carbon Converted) 

CH4 

'zH6 
Total Gas HC 

BTX 

L cg 
Total Liquid 

Total 

. -- -. - - -. . . - - - - - 
*Insufficient sample--reactor plugged. 



TABLE V 

SULFUR DISTRIBUTION IN NORTH DAKOTA LIGNITE AND LIGNITE CHAR 

Run No. 177 
Reactor Temperature - 875'~ 
System Pressure - 2500 psi 
Max Product Yield - 82.6% Methane 

% of Totals 
LIGNITE CHAK from Lignite 

Form of Sulfur % in Lignite % of TotaJ,. TLin Char: L nf Tnti l l  in Char 

Organic* 0.366 63.6 0.90 94.5 47.5 - 
Total 0.575 100.0 0.953 100.0 50.3 

*By difference 

TEMPERATURE OC 

Figure 1. Flash Hydropyrolyais of Sub-Bituminous Coal, Maximum BTX 
Yields vs Temperature, Pressure 1000 to 2500 psi. 
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Figure 3. Maximum Gaseous Hydrocarbon Yields vs System Pressure, 
Temperature 875°-9000C, Coal Residence Time 2.4-7.0 sec. 
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Figure 2. Product Yields at Maximum Conversion to BTX, Fraction Car 
Converted vs Pressure, Temperature 750°-800°C. 
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~3,397 LB.'HE COYL FED 22:. U - I:RHI.I:S . _. _. _. I COAL FEED EHTE !. :20 I-BI'HF.: CHAf? 9 [I . 0 1:l GF:HplS 

HYDE:OI-,E~( FLOI.1 RATE 
H',;'DFtJl;EI.i 'v'ELOC; !?'? . 1 1:I:j FT..,.:ZEC L I ISHT 0 I LIZ . 1:EApl:Z 

REACTOF: TEMP. 7c - i ,t 1-1 . 0 DEG C BTK 0. 15EfiI.l:S 
F'FEHEAT TEPlF'. :3 [I . [I [I DEG C IJATER 0. I:RHI.IS 
H'.:~IROISFP~ F'I?E:?SI.IEE il 111 111 O . p:: I 

CAEBDF~ PIOP~O::.:: I rlF 
CARPOP4 11 I 0 x 1  IIE 
METHAFIE 
FTH':'LEPiE 
ETHANE 
BEPiZENE 
TOLI-IENE 
Xn.<LEIJE 
L!GH? O I L  
I;!ATEE 

TOTAL 7 0. c.13 5 2 . 4 2  

TOTAL PIATERIAL BALANCE? % 

TOTRL 7 O . i!~ :14 :. . 0. 1 I ~ C I .  ? 00. :39 1 

HEBT O F  REHCT !ON- -. :!: 074  ~C:HL..'ISEAM OF IZOHL FED 

EFFEI:? I1o:'E CAF.'BON CON1-..'Ef?:Z I ON- 59. :33 PEECENT 
EFFEl:TI1\.'E ENEPG';' EFF IC:!EPilZY- 77 .  7 2  PERCENT 



RUN NO. 2 2 5  :SHMPLE NO. 1 

rinP1I NHL CONDITIONS TOTHL HCC:UPIULATED I,.IT~:. 
COHL FEED PATE 1.O59 LE/Hl? COHL FED 6, [I 111 . [I I_;RHM::: 
HYDROGEN FL0I;I PHTE 1 .  OE:O LB...'HB C:HHF :I: 1 111 . [I I~RHM::: 
H'I'DROl5EPi '-:'ELOC:ITY . 5 4 3  1 FT...;::EC: L 1 GHT O I L:S 0. I~RHPI::: 
REHCTOP TEPIP. 7 5 0 . 0  DEG C BT:.: . lSF;HM::: 
PPEHEHT TEMP. :3 [I . [I 0 DEG I: I.:.IHTER . GRHM:Z 
H'y'DROGEPi PRESSLIRE 1 13[10. p : ~  

I:HPE:ON FlOPiOX! DE 
CHF:E:ON D I  OX I IIE 
METHHViE 
ETH'Y'L.ENE 
ETHANE 
RENZENE 
TflLl-IENE 
X',;'LENE 
L!GHT O I L  
l;It3TEP 

TOTHL 5 .  :35:3 5. :307 

TOTHL MHTEP ! HL EiHLHNCE r :.: 

TOTHL 9 .  2 7 . 1  2.  :303 100 .  1 [I [I . 5 [I . [I 

HEHT O F  REHCT 1 ON- -. 13725 t:CHL.,l3FHI-l OF KOHL FED 

EFFECT Ins:'€ 1:RPE:ON CON1v)EPf 1 OM- 5. e58 PERCENT 
EFFECTIVE ENERGY EFF ! C 1 EpiCY- 6 , .  -3 I;I~ PERCENT 



FUN FIO. 22.5 SAMPLE NO. 2 DHTE 2 -E, - . -74 -. , -. 

COAL PE:S I DFNlZE T 1 PlE-t*lEA:Z:I-IRED 2 . [I 5 51 :SEI:OND:~ 
C4LCl-ILHTED 3. 060 :SECOND:S 

HOP~!NRL"C:ON~I?!~P~Z TOTHL HC:Cl-IPlULATED I;!T:5. 
COAL FEED PHTE ! .  059  L 1: ....' H C:OHL FED c, [I [I . [I I~F.'HMS 
H!"Dt?Ol3,EI;I FLOIbI RATE . 0:::0 LB.,.'HR C:HHE :I: ! 0 . 0 GRHM:: 
HY~IRDI~EN '-IELOC I T ?  . c .-I 4 ::: 1 FT.ISEI: L IGHT  OIL::: 1.1 . 13RHplS 
FEACTOP TEMP. 7 C , .-I 0 . O DEG 12 BT'.' 0. GRAMS 
PPEHEAT TEMP. :I: 11 . 51 51 I: I.:,IHTEF: 0. 15 PI::: 
HYDROGEN PFE:Z:2IJRE 0 111 0 . p : ~  1 

CAPBOI.4 Pl@NOS.: I l l €  
C:F1PEON D?OX!DE 
PlETHHNE 
ETHYLENE 
ETHHNE 
BEHZENE 
TOLLlENE 
X'<LEI.{E 
L!r,Hf O I L  
I;!HTER 

FPOIII-IC r t:ONC. N % CAREOF4 CON',!. % MAF CURL CON',,!. 
13H:s MOLE :.:' TI3 PEODUC:? TO PRODUCT 

TOTHL .- - 2,. 45 26,. Q:s 

TOTHL MHTER ! HL BHLHNC:E :.: 

CfleBOp~ HYDROl5EN OXYSEN tl!JCGl3EN :5ULFUE MHF tZ.OAL 

HEHT OF REFICTION- -. 4:34! KCHLi'SRHM OF COHL FED 

EFFECT I VE CREEON CONVERS I ON- 2 7 . 4 5  PERCENT 
EFFECT I1-.!E EI.{ERIT!' EFF I 1; I EI.IC'r'- 34.99 PERCENT 



ECIH Pin. 2 2 5  SAMPLE 1.10. :3 

t.iOPlI NAL lZOFiD! T IONS TOTAL HC:CUl-ll-ILHTED 1;IT:Z. 
COAL FEED PHTE . [159 LB..'HR KOHL FED <, 0 51 . O I~RHM:Z 
HYDEDSEN FLOt l  PHTE 1 .  0:30 LB..,HR IZHHR :3 [I . [I GRAplS 
Ha<DEOGEN $!EL OC I TY . 5 4 3  FT , ., ...- a.EC: L IGHT OIL:: 0. I;EHM:Z 

-= - I I E I ~ C  I:?>: PEHCTOP TEMP. ,. .-a IJ . 0 1.1 . 15 R H P1:S 
PEEHEHT TEMP. 3 0 . [I 0 D E I ~  C I;.IATER 0. GEHPlS 
H'Y'DPOGEN PRESSURE ! [IDO. p:: I 

CHPBON MONOX!ljE 
C:Ht?E:Opi D ! O::.<! DE 
METHHPiE 
ETHS.<LENE 
ETHHNE 
BENZENE 
TOLI_IENE 
X'<L ENE 
L..!SHT O!L 
I;] ATE I? 

TOTAL :3 0. '3 ! 2-3. 413 

TOTHL MHTERIHL BHLHNCEr Z 

CHREON HYDROGEN OXYGEN H I  TEOGEN :%I-ILFI-IE MHF KOHL 

TOTHL :30.4 !!5. :3 . 61 ~1 ! 0C1. 1510. 7 .-, - 
( .:, . b 

HYDROGEN CONSUMPT!ON- . E, 097E- 0 2  L B  HYDROl5EN.,,LB COHL . !2:3*1 HTnM HYDROGEN.~'HTOM CHRBIIN 

HER? OF EEHCTTON- -. 4 3 3 4  KCHL,,.l;PAM OF KOHL FED 

EFFECTIVE CHEBON CONVERSIOH- :30.9! . PERlZENT 
EFFECT! '-!E ENERGY EFF.: C: IEPiC'Y- .-- .., . 'i .-, J PERCENT 



RI-jPi 110. 2 2 5  :ZHPlPLE NO. 4 

COHL RES! DENlZE T :ME-MEH:TUPED 4 . 1 0 13 :ZEl:OPiD:: 
CHLCI-ILATED 6 . 1 2 0  :SEl::OrdD:: 

NOMIPiHL C:!JHDI T I ONS TOTHL HC:l:l-IPlULATED I;JT:S. 
C:OAL FEED RHTE 1. 0 5 9  LB.'HF I:ORL FED C , O O .  O r;F.:Hpl:Z 
H'?DPOGEN FLOI;! FHTE 1. 0:30 LB/HF CHAR 31 0 . 0  I~RHPI:: 
H':'DE:~I~EN ':-'ELOC I To..' . 5 4 3  1 FT....':ZEC: L IGHT  OIL:S 0. GRHI.1:: 
REHCTOR TEMP. 7 C  - , .-, 1-1 . [I J ~ E I S C  BT:.: 0. GFHP1:Z 
PREHEHT TEMP. :3 [I. [I 0 DEG 12 1;JATER 0. GFRM:: 
H'.:DROGEN PPESSI-IFE 1 [I [I 51 . p:: I 

CHPBOH PIONOX I TIE 
C:HF:BON DI OX I rlE 
HETHANE 
ETH'fLEPiF 
E f  HHNE 
BENZENE 
TOL-CIENE 
X',:LENE 
L IGHT O I L  
I:.l A T E F: 

COAL HNALYSIS:% 
59 .  ::: 0 . : :=: U 
!6,:3O 
! . Z ' 3 0  . !S 1 1;1 I:! 
17 .68  

TOTHL .-, , .:, A . 6% [I :30.!0 

TOTHL MHTERIAL BHLHNCEr 5 

L 101-1 I D:S 5.19  E,. 27 n. 0.. 51 . 4.  515 
HYDROCAPBOP1 1:H:XES 24. e i A i1.z- -L. 0. I). 51 . 2 2 . 6  
C:HEROI.I O::I ! DE:s 2 .  (15 0. 9.135 0. I:I . 3. 45 
cIATER 0. 0. 0 . 13 . ?I . II . 
HMPlON!H 0. 6. .  :3 1 0 . 1 C! 13 . 51 . 1.:3! 
I ln:,nroccr.l :]I-IL. F;! DE i ~ .  A . L -  I :. , IU . u . i I:I (I . 1. 515 
C:HHF: 0. 0. I:I . 51 . 0. 4 1 . 3  

TOTAL :? : 4 : 1 6 .  ,y. 65 ! IUU. 1 [i 13 . 7 4 . 2  

H'?IIPOGE~.I C:OPi::IJMPT I ON- . 6749E-  02  LE: H?DpOi;Epi,.,LB I:OAL * .=, .- .- . I .-at~ b HTOM H':'DROGEN.-'HTOM C:HRROPi 

HEAT OF PEACTION- -.it:!:! ! K r H L , .  - . ~ I ~ R H P l  OF COHL FED 

EFFEl:? I YE 1:HPF:ON C:ON4->EPSS! G N  :3' , . 4 0  PEPCEPiT 
EFFECT I1:.'E ENEFG'r' EFF I C! EI.ir;'?'- 40. [I! PERCENT 



:SAMPLE NO. 1 DATE 2 -9 - 197'3 RUN NO. 227 

I.ilJM! NAL COND 1 T ! OK:% 
KOHL FEE11 RHTE 
H'.:DEOGEI.I FLOI;! R H f  E 
H'fDROGEN VELOC !?":' 
PEAIZTOF TEMP. 
PREHEAT TEMP. 

CREEOFI MONO::.:: ! DE 
CHRE:OPi D! OX! DE 
PlETHHPiE 
ETHk:'L.ENE 
ETHHNF 
BENZENE 
TDLIJENE 
::.< ': L E Pi E 
LIISHT O!L 
!:!ATEI? 

TOTAL HCl;IJMI-ILHTED I;!?:?. 
COAL FED 7 .=. - 

I L i. . <I 
CHAP ::a -0 -2 _. 9 :3 
L!ISHT O!L:? . 
B? >.( 0. 
!:!HTEF! 0. 

PRODI.II:T KOP~I:. !N % CHEBON I:oP~':?. :.; MAF COAL CON!:. 
GA:?? MOLE I.: TO PRODIJC:? TO P~ODUI:? 

TOTAL MA?ER!HL EALANCEr % 

TOTHL 1 3 .  0 ,I i . c 5. dl$ ! 00. 1 [I [I . c7 7 E, 2 . ;:: 

HEHT OF PEHCTION- -. 4945 F:C:HL....'GRHM OF KOHL FED 

E F F E C T I V E  CHREON CONVEPSION- 1 3 - 0 5  PERCENT 
EFFElZT :{:E F~~EFI;'.: EFF 11: 1 EpiC'.:- 14. ! 0 !='EF.'CEpi? 



RUPi NO. 2 2 7  :ZHMPLE NO. L '5 DHTE 2 -9 - !:379 

I:OHL T':'PE- NOpTH DfiKOTH L GN 1 TE TREATED I;!..,'! 5 %  KEC:0:3 

IZOHL RE:: I DENCE TIME-MEHSCIE:ED . :3 0 0 :ZEl:OHD:: 
1:HLl:IJLHTED 4.  61 111 :SEI:OHII:~ 

NDPl! PiAL CnHn I T I  ON:S 
CnHL FEEn FHTE 
H'.!DFOI~EN FLOI;.I RATE 
H';'DROGEr'I !.!EL!Jl:!?!' 
REACTUE; TEMP. 
PREHEHT TFMP. 
Ha.:'DC:O!sEN PPES:!;URE 

l:HFT:ON 
H':'IIFOI;E~'~ 
O><',.'liFt.l 
PI: TROGEII 
SIJLFI-IR 
H::H 

I:HPBON P10r'iU>:! DE 
CHF:F@N D!OX!DE 
b1ETHENE 
ETHYLLEPE 
ETHHNE 
BEPi TENE 
TOLUENE 
:.('.;LEtqE 
L IGHT  13!L 
I,:! ATE R 

TOTHL Hl:l:UMULHTED I;!TS. 
1-B ....' HF COAL FED 7 .-. 7 . 091:l (co . C )  GRHP1:Z 
LB,.'HF.: [:HAP '3 q ,a .:a !. 0 0 0  .-. _. _. . .-' 1;pAFl:5: , 

. ! 3:3 0 FT.,,::EC L I I ~ H T  O!L:Z 0. GRHPIS 
7 5 0 . 0  DEI~ I :  BT>I 0. GRAM:: 
:3 0 . 0 111 ~EI ;  C I:JHTEF: 0 . GRAMS 
25511:l. p:x I 

PRODI-II::? ICONC . ! N % I:HPBOH C:ONqs:'. !.: PIAF COHL C:Ol.il-,'. 
- - bH2.7 MOLE % TO PRODUC:? TO PRODUI:? 

TOTHL 4 ~ ~ 2 ~  3 i 1 -  l-1;~ 

TOTHL PlHTERI RL BHL.SNCE r :: 

HEHT OF REFICTION- -. 6#22E. KCRL,.~'GRRM OF CURL FED 



FUN NO. 2P7 :?HPlPLE pin. .:a DATE 2 - 9  - 4 A va"*3 -. I 

COAL F:E:SI DENCE T I  PIE-PIERSUFED 2 . 7 [I [I :SECOND:S 
CHLCI-ILATED 5. 9ES0 ' ~ E I I O I . ~ ~ : ~  

NOPI! IJAL C:OND I T I ON:? TOTHL HC:CI-IMULRTED l:!?~:. 
1 . [1'30 LE:...'HF.: C:OAL FED 7 .I. 7 

COPL FEEn PATE I L B  .<I GFHPl:? 

H'y'DPOGEN F L  O!:! RHTE . 35 [I CI LB.,'HF CHAF: .-8 - 
.s. -3 . 13 I:RAM:? 

H';."DPOGEPi VELOC I T':' . 1 :3:3 0 FT.,.':xElZ L IGHT  OIL:!: 1) . I~FHM:? 

FEHCTOP TEMP. 
- 
i. 5 [I . 0 DEI: C BTX [I . G F A PIS 

PF:EHERT TEPIP. :> 0  . 0 I) DEc; C I:JHTEF 15. ISRAM:? 
HVnEOGEN PPESSI-IRE 2500 .  P ::: 1 

!:HFEOPi P10HOiC I DE 
CAF:BON DIOXJDE 
PlETHHMF: 
ETH'-'LEI.iE 
ETHHNE 
BENZENE 
TOLUENE 
X'?LENE 
L IGHT  O I L  
I;JHTEF: 

TOTAL 40 .77  29. 6.1 

TOTRL MRTERIHL BHLANC:E: T.; 

tLIIz!lJI 6. 07 12 ,-, . [I ! 0. 0. 0 .  :3.75 
H'(DEOCARBUM SRZE:? 3 4 . 7  , .- ,-, 

.';.Q. 11 . !:I . 0 .  25.  9 
I:HFBON OX DES 1.1 . 0. I:! . 0 .  U .  IJ . 
I:JHTEP 0. 0. I:I . 12 . 0. 0. 
APIMON ! A 0. 5 . 3 1  0. 1 [I [I . 0. !. 0 9  
HY DFOl5EN PUL F I DE 0.  . '3 4 4 0 . 13 . ! [I CI . . c .-o ,-, ,> .-a .:, 

CHAR U. 0. . 0. . 5 0 . 5  

?O?Hf- , 4 0 . 8  4 A 0-1, .-a L . 0 .  ! 111 0 . ! 0 U .  8 ! .  8 

.5 7 .- HYDEOGEN CON:Z.IJMPT ION- . c ,  d4E-O! L B  HYDFOGEN./LB COAL 
. E.286. YTOP1 H':'DROGEN ., ATOP1 C:HRBON 

HER? OF FERCTION- - . 6188  KI:HL,'GF:HPl OF IZOHL FED 

EFFECT IVE CRRRON CON',~EF::: I ON- 4 0.77 PERCEP~T 
EFFECTI,VE EPiEFtGY EFFIIZIENCY- 50.  6 :  PERCENT 



PI-IIJ pin. 2 2 7  SHPlPLE NO. 4 D A T E ?  -9 - 1 9 7 9  

PiOFl It.IHL. COND I T I OrJS 
, COAL FEED FATE 

H8.<r~F.'nl:EI.i FLOI;I E'HTE 
HYDFOSEN '?EL.fllz!?Y 
FEACTOR TEMP. 
PREHEHT TEMP. 
HS.!DF'&EN PPE:%:5I-IFE 

ILAFRON PlONO:.~::! IIE 
1I'AFFOI.i TI? 0): ! DE 
I'IETHHNE 
ETHa:'LENE 
ETHAPiE 
BEFiZEPiE 
TnL LIEHE 
X'.<LENE 

L IGHT  n lL  
I:.I H T E 

TOTAL ACCl-IMI-ILHTED l,:.lTS. 
COAL FED -.- - ,.. ,, . I~F.:HM:S 
C:HAE .-a .:q*?. -. GFHI.lS 
L!I;HT OIL:Z 0. GRAM:: 
BTX [I . GFHI.18 
!:JliTEF 0. C.FAI.I:S 

TOTHL 9 9 . 2 4  7  .) . .=,.=a L L .  

TOTAL MATEFIHL BALHNCEr 2 

1 .=, 4 .- H'..'Di?015Epi l':OFi:~I-IMPT ! ON- . A~ .. t. L B  HYDpOl:EN...'LB COAL 
2 .,99 i 1  ' HTOM HYDROIYEN/ATOM CHFBON 

H E A T  OF R E A C T I O N -  -. 9845 ~C f i L . . ~ 'G~A t - l  OF KOHL FED 

EFFECTIVE CAFEON CON1.;EF:SIntj- 6 . 3 .  Eg, F'ERlZEPiT 
EFFECT 1 VE ENEEI~Y EFF I C IENCY- 8:>.22 PERCENT 



PI-IN NO. 2 2 8  - .IHP~PLE NO. ! DATE 2 - 2 0  - 

NOMINAL COND!T!DNS TOTAL ACClJPlULATED I;JTS. 
COHL FEED RHTE ,=,,ac;,> . _. _. ... I LB.'HR C:OAC FED ~ 7 7 . 7  -8 I GF:Hplr: 

HYDROGEN FLOl.:I RATE ! . [I ! 6, LB/HF IZHHF ! 12.7 GEHI.1P 

HYDROI5EN {!ELOC! TY . 2 0.14 FT..'::ZEII: L 1 GHT O I L:5 51 . 15EHp1::: 
FEHCTOP TEMP. 7 c i .-t I] . O DElS I: BTX . I5PAM:Z: 
PREHEAT TEMP. :3 111 . 0 0 D E I ~  c I ~ ~ A T E F  n. GEAMS 
H'.:'DROl;EPi PRE::::5URE 2513 [I. p : ~  I 

CAREON MONOXIDE 
ICHRBON .ElIO::~<IDE 
METHHPiE 
ETHYLENE 
ETHHPiE 
BEHZENE 
TOLClENE 
'.>'.>L ENE 
I".. ; 

LIISHT O I L  
WATEF: 

TOTHL 1 ! . 2:s 111 . E. 6 

TOTHL HATER! HL BALANCE 3 7.; 

TOT HI- !I.:> LIE,. 5 5 . 2 5  !1]0. 1 [I [I . ! 9 . :3 

HEAT O F  REHETION- -. 6,074 I.::CHL...z~SF:Apl OF COAL FEI I  

EFFEIzT I!]E CHRBOPi C:ON84!EEE: WPi- 1 1 . z:? PERCENT 
EFFEI:? !':.'E ENEEl;':' EFF! I:! ENlZ':'- ! 2. 7 5  PEE CENT 



PI-IN NU. ;22:3. :SHMPLE NO. 2 DATE 2 -'3n - 1,379 
L - 

COAL. T'.'PE- NORTH DAKOTA L I G N I T E  *: 55 M I  C:E!ON 
, 

COAL RE:S DENCE T I ME-MEH:ClLll?ED . :SECIJND:S 
CHLCI-ILHTED 1:. 132 :SEC:ONDz: 

PIOM? NHL COPIII I T I ONS TOTHL HCI:UIIUI-HTED C:JTS. 
COHL FEEU RHTE . 995:3 L E; ./ H e CURL FED 6 7 7 . 7  II,RHI.IS 

HS.;'DPOI7EN FLOl;! PATE 1 . 0 !. e. L B .,' H R CHHR 12 .7  I_;RAM:~ 
H'.!nPOGEN VELOCITY . 2 0 <I <I FT/:SEC L IGHT  OILIS Il . ITRRP~:S 
RFHC:TOl? TEMP. 7513.0 DEG 1: BTX 0. GFHM'T: 
FREHFHT TEMP. '3 [I . [I [I IIEG C l;!ATEF 0. GF:Hpl'T: 
H'7'DROGFI.i F'EE:S:S!JF.:E 2 5  0 [I. p.5 I 

CHPRON MOPiOX I DE 
CHRE:ON D!O)I!DE 
PIETHHNE 
ETH'..'LENE 
ETHHNE 
RENTENE 
TOLCIENE 
::.<-.;' L E p i  E 
L IGHT O I L  
I.:JATEP 

TOTHL 3-q - 13 1 -' -. 33 . g,9 

TOTHL MRTERIHL BHLHNCE? :< 

H':'DP05EPi CnN:Sl-II.lPT ION-. . 1 :35:3E- [I! LE  H'$DEGl5EN....'LB C:OHL 
.-, - .-, ,> . .J < c 8-0 HTOM HYDROSEN.~'HTOPl CHPBON 

\ 

HEPT OF PEHCT ION- -. E.C-71 k.~CAL~GFAM OF COHL FED 

EFFECT I VE CARBON CON{)EP:S I ON- :Zs%,. 3 1 PEF\'!:EPiT 
EFFECT!'v8E ENEFGY EFF! C! ENCY- go? 4s PERCENT 



F:UN NO. 2 2 8  SHMPLE NO. :? 

IZOHL. TS?F'E- NOFTH ClHKOTA L I GN I TE T: 5 5  MICRON 

IiOMINHL COND!T!ONS TOTAL HI:CI-II.~ULHTED I:!T:I. 
COHL FEED FATE . '2 ,q C' . , .. .-n r: LB.*.'HF CURL FED c-77.7 15 F: A I.1 :S 
HYDPOGEN FLOl.:J EHTE !. O:E. LB/HF ICHHF !!2.7 ISFAM:: 
HYrIPOGEN VEL.OC!?'? . 2 0 ~ t 4  FT.,.':SEl: L IGHT  !L:S 0. GEHI.1:S 

7 = B T ::.< PEHCTOP TEMP. i . v ~ ] .  0 DEG II: I? . GPHI.~:~ 
PEEHEHT TEMP. :30. 00 DEG C I:JATEF' U.  I:EHM'S 
H'<DPOI:EI.~ PFE:S:Sl-IFE 250!3. p:S 

CHFBON MONOX! DE 
C ~ R B O N  D IOX IDE  
METHANE 
ETH':'L.ENE 
ETHANE 
EEtdZENE 
TOLCIENE 
I<'r'LFNE 
L IGHT  O I L  
1;IHTEP 

PFODI-ICT CONK. I N  :.: CHPRON CON';. :.; MHF I:OHL C:Oki'.;. 
GA:sr MOLE 2 TO FFODCI1I:T TO PFODUC:? 

!.:3!7 
IS. 
1 7 - 7 9  
0 . 
7 i 

-3 . t3:3 4 
. I 5 5 7  
0. . . 

TOTHL .I:>. '96. :37. 0%. 

TOTAL MATEFIHL EHLHNCE? .? 

TOTAL. st s t  . [I ;.. i ,' ! 00. [I [I . 4 6 . 2  * .- r , bh. ., 77 

HEnT OF i?EHCT!ON- -.%-7-38 KCHL.,*GEHM OF COHL FED 

EFFECT CHFBON CON1a,!EFS I ON- 43. '3Es PEEIZENT 
EFFECTIVE ENEPI~Y EFF:CIENCY- 5 7 . 5 8  PEECENT 



PClN 1.40. 2 2 8  :ZHPlPLE NO. 4 I jHTE 2 - 1  - 197-3 

COAL T'y'PE- NIJPTH DAKOTA LII;II!TE ,:: 5 5  MICFOH 

NOMI PiHL C:ONDI T ION:: TOTHL HCCCIMULHTED I;lT:S. 
COAL FEED EHTE '2 -2 c 0-. . .. .. .-I 13 LB/HF COAL FED c-77.7 I5FHM:S 
H'.;'DF.:OISEN FLOl:I PHTE ! . [I ! LB.xHR IZHHF: 7 GRHPlS 

. 2 0 4 4  FT..,':ZEC L I I;HT 0 L.2 H';'Il!?tJGEI '.:'EL.OC: I T':' U. GFHMS 
UEG C: E:TX E'EACTOP TEMP. 1 5 n .  11 I? . 15FHpl:: 

PPEHEHT TEMP. :>[I.. [I [I DE15 I: I:J A T E I? 0. GRfip1:r: 
H'?jl~PoGEpi PFE:S:SUPE 2 5  [I [I. p : ~  I 

I:APEON P1[31.inX DE 
C'HFEON D!O>:IDE 
PIETHANE 
ETHt;'LENE 
ETHHIJE 
BEN ZENE 
TOLLIENE 
::.; ';' L E 1.1 E 
L IGHT  O I L  
1;IHTEF 

TOTHL 61 61 . 3 :3 .-8 a- ,:, 9 . fJ E. 

TOTHL MHTERIHL BALF~NCEF % 

CHRBON Ha~:Df?.Ol;EN OXYI~EN N I TPOSEN :Z:l-ILFUR MHF COHL 

LIII!U!D:S 4 . ... .:; . .. i A 0 8-r . [I I? . U. 0. 9. :34 
1 .:,<I H'.:'DI?OCAFROt.1 GASES 27.  5 A ._-._I . 1.1 . I?' 1 0. Pst, il 

cap nn1.4 OX ! LIE.:: 2 - 7 7  0. 12.1 0 . 1'1 . 5.:35 
I;.IRTER [I . . 0. ?1 . (I . U. 
HPlPlON!H [I . 5.2'3 0. ! 00. 0. :, 27 

4' li'dDP01;CIl ~ U L F I  DE: n .  . -. .-I 1 1-1 . b.  ! [I [I . . E, E: E, 
CHHF 0. 0 . 1.1 . 11 . 0. 7 - 2 1  

TUTHL 4.1 . '3 157. ~ L O . , :  : [I [I . ! 13 13 . 4 :=: . !=! 

H';'DROGEpi I:OI.(:~UMPT 014- . 2 1'3 0E- 0 ! L B  H'Y'DPOI~EH.~~"LB COAL 
4 :=, 02 5 . -0 -. .- HTOM HYDPOI~E~~...'ATOM CREEON 

HEHT OF i?EHCT!nN- -. E 2 4 7  ECfiL....'lSFHM OF CURL FED 

EFFEI:? I1-!E t:HPE:OI.i I:ON'~:'ER:~I ON- 44.  '33 PERIZENT 
EFFECT I'-:'E EHEFI;':' EFF 1 I: I EI.ilZ7- 55 .  08  PEE CENT 



Rl-IN NO. 2 2 9  SHPlPLE NO. I L . A > u 
DHTE 2 - ' Z ' i  - 4 "79 

I X ~ A L  RE::! DENl:E T I  ME-MEHSCIRED In . ::El:OND:S 
CHLCI-ILATEn 2. ! 3 0 :SECOND:: 

FiOPl! NHL IZOHD! T I  ONS TOTHL HCl:l-IPlI-lLHTED !:JT:S. 
KOHL FEED FHTE 1. 020  L B  ... >HE COHL FED E.11:3 . (:I IGRHM:S 
H'Y'DROGEN FLOI.:! RHTE !.13!6 L 1: ....' H F: I::HRF :>05. [I GFHP1:Z 
HYDROl3EN {?ELOC I T'T' . 255.3 FT,...':ZEC L I ITHT I L S  0 . GRHM:S 

7 C -  - FEHCTOP TEMP. i .-B u . IJ DEG C: . BTX U. GRAMS 
PPEHERT TEMP. 7r- - 

I .-I 1.1 . U DEG I: I:lATEF 0. I~F:API:S 
HYDEOlSEN PF:E:S:Sl-IRE 2 0 11 1:1 . p:: I 

PRODI-ICT C:OI.iI:. I N  !.; I:AFBOI'i CON'J. :.: MHF KOHL CON1-?. 
613:: r ElOLE TO PFO~I-I~ZT TO PRODUCT 

C:HRBON MOPiO:.: I DE 
C:APBON D IOII: 1 DE 
METHHNE 
ETH'y'L ENE 
ETHHNE 
BENZENE 
TOLCIENE 
::.<';'LENE 
L IGHT  O!L 
I;IRTEF: 

TOTAL 7. 1 3 5  5,. 522 

TOTHL PIHTERIHL BHLHNCE? % 

LIC!CI ID:: 1 . 7 111 2. 05  1.1 . 1.1 . 0. 1 . :3:3 
H':'U~;:IUI-:HRBOI'~ i;*:.E.Y 5. 4:3 :> L.. c; . .-, L 0. 0. U . 5.  1-3 
l:HEE:oN OX I I E : ~  ' I? . 0 . 0 . 0 . . 13 . 
l;.I AT E P I:I . 0. 0. IJ . 0. I:I . 
HPlMON I Ii Id . 6. :3: 0. ! 11 11 . Id . :.:3! 
HYDPOlTFN :sl-lLF I DE 111. 1 . 2 1  0. 0. 1 00. : . 111 5 
1:HHR 0. [I . - [I . 6. 0. .-, .- .:, h . 1 

HEHT O F  REACTION- -. 3 9 1 5  KCHL..'SRHM OF COPL FED 

EFFECT I VE CHRBOEi C:ONi!ERS I ON- 7 .  1 3 5  PERCENT 
EFFECT I1,,/E ENERG'.: EFF ! ENC'.<- '3 .  " ' z " '  .. .-# L PEE CENT 



IJOPl? NAL C:@ND! T!ONI TOTHL ACI:UI.~ULHTED I:JTS. 
COAL FEED FATE !. 02O L E i H E  CDHL FED 6.$:3. 0 GRHI.1:: 
HYDPOGEN FLDl:I RHTE 1 . [I 1 <, LB....'HF CHHR :3 [I 5 . 111 l;F.:HI.l:!: 
H'?JjFDlSEI.I 'v'ELOC:!T'T' . E 5 5 1  FT,,'SEC L I ~ H T  L:: 0. lTRHI.1S 
E:EHl:TDF: TEMP. - C ,.. . ,  n . , D E G I:: BT::.: 0. I;RHM:% 
PREHEAT TFMP. 7C - , 41.1. 0 D E G 1:: I,:I H T E E: [I . I: RGI.lS 
Ha.:ISFnl3EN FPE:?:SI-IFF: 2 il <I [I . p:s I 

l::HF:BOrJ MONOX!DE 
CHRE;OPi DIfl::~<!DE 
PlETHHNE 
ETH'!LENE 
ETHHNE 
BENZEMF. 
TOLCIENE 
::.<'y'LENE 
L IGHT  O I L  
I.:IHTEF 

TOTHL 33 .  4: :3 I]. ! 6, 

TOTHL WATER! HL ERLHNCE r 7; 

H'?DRDGEI.{ I:ON::;UMPT ION- . ! 46E- 171 L B  H'?'IU?OGEN.,'LB IZOHL . 2 :3 1 :3 HTON HYIIFOGEN~HTOM CHRBON 

HER? f lF REHCT!ON- t - 8 ~  KCHL.*'GFHM DF KOHL FED 

EFFECTIVE CARBON CONVERS 1 ON- 3 3 . 4  ! PEECENT 
EFFECT!VE ENERGY EFF ! C IENCa.;'- 45.28 PERCENT 



PUN PIO. 22-3 SHMPLE NO. . -, L A  _ _. , -. .-. , - , ,$-. ,$ DHTE 2 - -  

KOHL RE:!: I DENCE T I ME-MEH:::UFED 0. "rEl:OI.iD:!: 
l:HLC:CILHTEIl i!. . :35 (I :ZECOND:S 

NOPI INAL. lZ:ONrl I T I ON:: TOTHL HC:C:l-II.lCILHTED I:lT:S. 
COHL FEED EHTE ! . 0;:0 LE..,HF C:OHL FED r; a . 111 ~:FtiI.l:!: 
H'.:'DFOl?EN FLCI!:I RHTE !. 0 1 6  LE:/HF C:HHE :305. [I GEHPl::: 
H';'rlPOC;EI.{ '-.-'ELOl: ! T'.' . .-. c c .J c .-t 4 _ FT/::EC L IGHT  O!L:s 0. GEHII:S 
PEHCTOF TEPlP. TC - i .-t IJ . DEG C BTx  0. GEfiI.1:S 
PFEHEHT TEMP. - C c .-to . 0 DEG C !:JATEF 0. l;RHI.l:S 
H':'DEnl?EN PFESTI-IRE 2 0 il 0 . p:: I 

C:APBON PlONOXI DE 
CHEEON D IOX IDE  
METHHNE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLCIENE 
::.< ':' L EN E 
L IGHT  O I L  
I:JRTEF 

PFODIJCT CO1.lIZ. I Pi :: C:HFBnPi COI.its,-'. % MHF CURL CON'?. 
I5H:Sr MOLE ,>' TO PRODUC:? TO PFODI-IN:? 

TOTHL 35 .  94 '3':- C 
.-'L . .J .J 

TOTHL PlHTEEIHL EHLHNCEr :.: 

TOTHL :35.9 135 .  U. ! (I [I . !00. 7!. 4 

H':DFO&EPi IZONSUMPT ION- . 1152E- 01 LE: H'.'DROI?EN.,..LB COAL 
, 2,339 HTOM HYDF:OGEN..,'HTOM CPEEON 

EFFECTIVE CHRBON CUNVERS 1 ON- 3 5 . 9 1  PEFIZENT 
EFFECTIVE ENEPSY EFFICIENCY- 4 8 . 8 3  PERCENT 



FI-IP~ rio . 2:3 CI :THMPLE NO. ! DHTE 2 - 2  - '"7" A _. I _. 

HOW II.ifiL COHD I T I ON:S TOTHL ACC:IJMULHTED I;!T:S. 
C:OHL FEED RHTE . 998.1 LB..,'HR COAL FED i 112.2 GFHt1:S 7 - -  

HYDFOGEN FLOl.:J FATE 1. ~ 1 4 0  LE:/HR I:HHF 41:1!. 6 GFAM:S 
HYIIFOI~EN 'v'ELOC: I TY . C.7C7 .-# .-, .-a I FT..,.:ZEC L IGHT O I L S  U. GRHPlS 
E'EHCTOE TEMP. 7.7c 

i i .-u . (1 fiE151; BT).; 111 . I;FiHl.l:S 
PEEHEHT TEMP. 77C , , .-I . (I DEI; I: l;!HTEF 0. l;FAI.l:% 
H'fIlF01;Epi PRESSCIPE ! [ion. p:: I 

II:HEBON MONO::.< I DE 
CAEB!JN DIOXIDE 
b1EtHHNE 
ETHYL E M  
ETHANE 
BEPiZENE 
TOLClENE 
>.::'<LENE 
L!GHT O I L  
!:JHTER 

TOTAL i .. .? ._ . .:- in 4 _. 22. 112 

TOTRL MHTER I H L  BHLHPi1:E r % 

TOTAL ? :I. J$ 54 Z 0. ! gQ. 1 C I O .  6s. s 

HER? OF EEACTION- -. 4 0 0 9  t;CHL..'GRHM OF 0 0 9 L  FED 

EFFECT I 'VrE Ct3RBON CONVERS 1 ON- ! 3 . 3 9  PEFCENT 
EFFECTI',,!E ENEPI;':' EFFIC:IEI.il:':'- 16. 65 PEEICEHT 



KOHL FEZ ! DEUCE T 1 piE-plEA:zl)~?ED 0 . 5:El::OND:r: 
I:~~LI:I-ILHTED :3. 05  [I :SECOIJDS 

NOM !HAL COND ! T I ON:: TOTAL ACCl-IMI-ILHTEII I.:!?:;:. 
C:OHL FEED FATE . -3 -3 :3 LB..JHF: C:OHL FED I L .L  I_;EAM:~ 7 .> '1, 

H'.;'IIPOI:EN FLOI;! FATE . 1 j ~ 1  51 L E ..' H F IZHHF: ~t 111 ! . 6 13EfiPlS 
HYIIEOGEN VELOC I T'.;' .5:357 F T  ....' :SEC L I lTHT 0 !L:S 0. 13EAI.l::: 
FEHCTOE TEMP. 7-5 i i .- . [I DE!3 1: ETX 0. I_;FHIIS 
PPEHEHT TEMP. 77C , , .-I . 51 DEI_; C IIATEF 0. I_;FAM:S 
H':'DEOGEN Pf?'E:Z:Sl-IPE !I:IOB. p:z 

1I:AFE:OI.i MONO'.'! DE 
C:HFE:OI.i D!OX I DE 
METHHNE 
ETH';'LEIJE 
ETHGNE 
EENZEHE 
TOLUEHE 
::<'fLENE 
L IGHT  O I L  
I;!,IATEF 

TOTAL 2.1. 05 21 .  f S !  

TOTAL PlATEF: I H L  E:PLHNCE r ?: 

L I I:! 1-1 ! D 1;: ' 
.- - - 
t. . i. 7 C, 1 7 

._I . A I IJ . 14 . 1J . C 
.-t . ::: 

H'.<LIK.IUI-:HFE@I*{ GAZE:. ! 7. :3 7 & .  :3 0 . 111 . Q. ! 6, . ::: 
CRFEON OX! DE:S 1-1 . !.I . IJ . il . . 111 . 
I.:! A T E f?' IJ . . 0. . 111 . 111 . 
RMM0I.i ! A I:I . 6 . :3 !  0. ! 111 0 . 1-1 . . : 3 !  
H';.'IlEOl:EPi Sl-ILF! DE [I. !.2! 51 . . (I [I . ! . 111 5 
[:HAP 1.1 . . 11 . 1-1 . 1.1 . s t $ .  0 

TOTAL .-I . c.1. O '32. 0 . ! [I [I . 51 51 . 7 . 8  ,. :. 5 

E F F E C T I V E  CREEON CONVERS !OH- 24.05 PEPCENT 
EFFECT I $)E ENEFI:':' EFF C:IEI:Y- :32.2 PEECENT 



FUN NO. 2 3 0  :SAMPLE PIO. .:, ._- DATE 2 -3.- LL - I . _ . I  -9-9 i 

P4OI.l IPiHL COND ! T! ON:% TOTHL ACCUMIJLHTED I:.iT:S. 
COPL FEED E'HTE .a q '-'. . .. . . #Is ? L B ..' H F: IZOHL FED - c 0 2 . 2  GRHI.1:S 
H':'DEOI>EH FL0I:J FATE 1 . 0 4 0 L B ...' H F: [:HOE' 4 0 1 . 6  GRHM:S 
H'y'DEOGEP4 ':?ELOC ! TY .5:3.57 FT,':SEI: L 1 IjHT O 1 L:S 0 . GRAM:% 
FEHCTnF( TEMP. 7 7 5 . 0  D E I ~  C B T ::.; . I_;F.:AM:S 
PFEHEAT TEMP. --c , i. .-, . (I DEI; C I;!HTEF 0 . GF:AI.l:S 
HYKI,FOI~EN PF:E:5:Sl-lE'E ! [I I:! [I . p:z 1 

11: 0 H L f, p, A L a,.' " ', .7 , .2, * .:. 5 >; 1:HAR HNAI-V'? T 7. '... , .i * .. '. 
I:APBON C ,- 

.-a 2 . :z 111 n . 
H'!fiRObEri <I I , -3 IJ - 0. 
nX'~'15Er.1 1 15 . 13 0 1-1 . 
PIT T r O l ~ c r I  ! . 2 . 3 0  0. 
:%I-IL r ILIF . Y : I) 1.1 0. 
H:SH ! 7 ; 6: :3 30 .91  

CHEBON PlQPlO>.< 1 DE 
r::Hwnri 11 ! o::.:: ! DE 
I.IETHAt.4E 
ETHYLENE 
ETHANE 
REPiZEI.4E 
TOLIJENE 
'I '...' L E p, E 
I.", . 
L I I j H ? '  O!L 
I;IHTER 

TOTHL 26. m I -2 
.-,.-a .a c 
C .:, . .. .-I 

TOTHL MHTEEIHL RALANCE? % 

H0?'DRflSEN C:ONI:I-IMP?! ON- -. ! 47c,E-0:3 L B  H':'DFOl;EN,....LB IZOHL -. 29:3:3~-  02 HTOM HYDFOl5EN~ATOM CHRBON 

HEHT OF FEHCTION- -. 4 2 9 9  t<CAL.'ljF.:HI4 OF COAL FED 

EFFECTIVE CRREON CONVERSION- 26.75 PESCEP1T 
EFFECT !YE EPiERGY EFF 1 I: 1 EP~I:'.:- 35 .  93 PERCENT 



PUP{ Ha. 2 3 0  SHPlF'LE NO. 4 DATE 2 -" L L - 19" ( 9  

COAL FEZ I IIENCE T I PIE-PlEASCIRED 0. :2ECOPiD:S 
I::RLC:ULATED en. ! 00  :Z:EI:ONII:S , 

NOMI HAL CONDITIONS TOTAL AI:CCIMI-ILATED I:.IT:S. 
COAL FEED PATE . -3 -3 :3 i E: .....H F COAL FED L.L I~EHM:S 7 .=, .=a 

HYIIROGEP~ FLOI;! RATE 1.. [is10 LBKHF: CHAR 401.  ;, 1:RHI.l:S 
H'YDFOGEN '..rELnl: I T'! . 5 3 5 7  FT....':ZEC L I l j H T  OIL::: . ljF.:APl:S 
FEACTOF; TEMP. 7 - i ( 5 . 0  DElj  11: B T >.< 0. I:FAII:~ 
PPEHEAT TEMP. 7 7 C  i i .-o . [I DEIj  C: !:JYTEE 0. IjRAM:S 
H'(DFO1jEN PPES5:UPE 1 0 0 0 .  p:z I 

1:: HE B 0 IJ 
HYDROISEP~ 

::.< '< 17 E 11 
Pi! TFOGEN 
:SlJLFCIF 
ASH 

CAPEON MONOXIDE 
CAPEON D! OX I DE 
METHANE 
ETHYLENE 
ETHANE 
BE P i  ZEPiE 
TOLUEPiE 
>:';'LEP(E 
L IGHT  O I L  
I.:IHTEF: 

TOTAL 27 .  0E: 25 .  07  

TOTAL MATEF I AL E:ALANCE 5 ?: 

L 1121-I I D:S 7 . 7 -3 . 11 [I 0 . .0. 15. 6. ! 5  
HY~IFOCHFBUI~ GHSES ! lyl; :31.2 U.  . n. 0. ! 7 .  2 
CAFEON OXIDES 1. 01  0. ~ 1 .  7 3  0. 0. 1 . 6 9  
!:IATEE . 0. 0.' 0. 0. . 
AMMONIA 0. 6.:1-:! 0. 10Cl. 0. .:s: 

2 1  H':'LlF:OGE SI1L.F I D E  0. 0. 1.1 . 1 [I [I . ! . [I5 
CHAR . 0. [I . ' 1) . 0. 0. 4:3. [I 

TOTAL 27 .  i 90 _. a_- . i A 4.7:3 100 .  ! I:I 12 . 7= , .J . -3 

H'r'DRnGEN l::OPiSI-ItlPT.ION- -. :3 0:::7E- [I:3 L B  H~T=DFOI:EN ...' LB COAL 
- 1 "  p -- '- . . ,LpE-O! ATOM H'YDEOGEN..,'ATOM CAFBON 

HEAT OF REACTION- -. 4 1 3 7  KI:AL..,~GRHM OF COAL FED 

E F F E C T I V E  CARBON CONVEI?S !OH- 27.138 PERC:ENT 
EFFECT! ?€ ENEPIjY EFF 1 C 1 ENCY- 3 5 . 2 2  PEECENT 



HOPI! HAL CONDI T!flN:5: . TOTAL HC:C:lJMl)LATED I:JT:S. 
COAL. FEE11 RATE 91, q C .:, . .-a .. .l.-, LE:..'HE 1::OHL FEI l  E, [I. t j  I_;FAMS 
HYDEOl5EN FLObJ FATE . 9 5 5  0 L B ...,' H F 11: H A F 2:s ! . :3 I:FHM:S 
H':'IlFOl:EI. '-,!ELUC: ! T';' . .! 9:38 FTx':ZEC L !I:HT O! L - 0. I~RAM:S 

f7e PEHCTOE! TEMP. @ a .-I . O DEG C: E:TX 1.1 . IIFAMS 
PPEHEAT TEMP. -7c , , .-t . [I DEI: C: I;!ATEf? 0. 15FHM:S 
H'.:.'DEOlYEP{ P/?E:S:S:LIF.'E 25[l [I. p:: 

CAF:E:OPi PlON05::! DE 
CHE:F:OPi D 10% ! DE 
I.1 ETHANE 
ETH'TSLFPiE 
ETHANE 
BEPiZEPiE 
TUL L!ENE 
X'y'LEP{E 
L IGHT  O!L 
!:I ATE F 

TOTAL .-,,a .=,3 
C .. . L .l . :3 1 

TOTAL MATEF I HL BALANCE r .!i 

TO? RL 29.2 . ! 1 ~ ) -  0. ! CI [I . ! [I [I . e.3. 5 

H':'IiPe115Ei C:ON:5;UI.lPT ION- . 59 [ICIE- [12 L B  H'.:'DF.'OIjEN....'LB COAL 
1 1 q,5, 

. A * - . e  ATOM H ' T ' D P O I ~ E N . ~ ~ ~ A T ~ ~ . ~  IZAFF:ON 

HEAT OF REFICTION- -. 4549 KlZHL.:;SRHPl OF C:OHL FED 

EFFECT !WE CAFEON CONVEFS! ON- 29 .  2 3  PEFCENT 
EFFElzT !'o:'E ENEFl?':' EFF! IZ ! ENC'f- 39 .  77 P E E ~ E N T  



ISHPlPLE NO. L 

NOPI! IJAL COND I T I ONS TOTAL ACIZUPlULHTED (:ITS. 
COAL FEED EHTE ,-. ~ $ 5  3 . .=, .. .- .-, L B .I H COAL FED en ! 0 . 111 l;EAII:S 
HYDFOGEN FLOU PNTE .965 51 L-E:iHF CHAR 2 ;3 ! 11; GRQM.5 

r qr,r, F T ...., ::: E C L G H T L 5: H'.:'Dl?OGEN !IELOCI TY . . -. -.--LO 1.1 . GEHM:? 
7.-C - FEACTOE TEMP. , i' .-8 . IJ D E I ~ C  BT::.< 1.1 . I~EAM:; 

PEEHERT TEMP. 7'C - 
0 i .-n . 1.1 DEIY C l;!ATEE 0. ISEAMS 

H':'DF:~I~EI.~ PPE:Z:SIJFE 25 0 0. p:: I 

COAL ,q,.{H,- ,.....? 1 .? , * .:. 7 :.: C:HAP fip{fiL'v'.? 1'7 :.: . .L * 7 

59. :315 CAFE OH 0 . 
HYTIE'CI~EI.~ <I . 18 111 , [I . 
0 ::.< '.< 15 EN 1 en . 5 l:l . 
Pi! TR0GFI.i 1 . 2::: I:I 1-1 . 
.S 1-1 L F I-IF: . ::: 0 0 I? . 
A::H 17. !:3 :3;3 . :3 .I 

CAPBDIJ PlOIJOX! DE 
CREXOI.4 TI: OX I TIE 
PlETHAliE 
ETH'<L€NF: 
ETHANE 
BENZENE 
TDLI-IENE 
':.! ,-'L EN . . .  
LIISHT O I L  
I:.I H T E F: 

TOTAL 4 0 .  4:3 
.-, .- - - .:, p, . 1.1::; 

, ,$7.-. HYDROISEN lI:DN:SI-IMPr !OH- . , .. .I-E- O ! LE: H'.'IIPOISEN..~'LB C:OAL . :39°3::: ATIJM H'.:'~I~~JI~EI.~...*ATOM ~:HFF;ill.i 

HEnT OF REHCTION- -. 4694A ~UHLJIYPAFI OF COAL FED 



RUN rig. P:3! ::;AMPLE NO. .:. .-- DATE 2 -27 - 1-79  A : ,  

NOPlIPiAL C:Or.IDIT!ONS TOTAL HI~I:I-IIII_ILHTEII l;JT:z. 
COHL FEED FATE ,=a q c .:, . ,-. ,.-. LB.....Hl? COAL FED F. ! [I . O l3RHP1:: 
H':.'DFOGEP1 FLOI;.I EHTE . 9e.515 LB.....HF: CHAR 2:3 . :3' ljF.:AMS 
Ha.:'DFOlT.EN '-:'EL. OC: I T':' . I a q,>.> .. a-n --a FT.....:~EI: L I GHT 0 !L:S 0. I;PHI.~S 
F:EHCTOF TEPlP. -77C - 

i i .-I . IJ DES I: ETX 0. GEHMS 
PEEHEHT TEMP. 7 - C  i .-, . O DEI: I: I.:JHTEE: 0 . 1:RHplS 
H';'DFOGEN PFE:ZSIJF:F: 251313. p:s I 

CAEBON MONOXIDE 
CHFT;ON D I O Y I D E  
METHHNE 
CTl I':.'LCPIE 
ETHHr.lE 
BEPiZENE 
TOLI-IENE 
VVLEpiE 
.'I , 

L IGHT  O I L  
I;IPTE;F 

CREE OH 

L I I:!U : 13 .5  
t-t'.,anpn~-;ApF;nn ITASE:~ :p1, 4 
I;PPEOI.I n5:? n F s  0. 
I;IHTEF 0. 
PMMnP+! H 11 . 
H'T'~IF:OI;EPI SULF! DE 0. 
CHHF: [I . 

TBTHL 47. -30 42.  7:s 

TOTHL MHTEEIAL HHLHNCEr r i  

'['jTHL, LIT.  9 4 .;).- , ,  m. r:l . I nn. 1 o n .  :3 o . [I 
H'r'DE'0GEI.i C:OPiSUMPT ?Obi- . 3! 63E- 01  L B  H'YDF.:OlYEPI./L.E: II:OAL 

. +II:I[I HTOM HYDEOGEN..~~~HTOM CAEBON 

HEAT OF FEHIZT I ON- -. 4 9 3 9  KCHL .....GFHM n F  COHL FED 

EFFECTIVE CHEEON CONVERS 1 ON- 47.9 0 PEPC:EPiT 
EFFEl:? !'.jE ENEFG'.: EFF ! I:! EN[:'$- 65.2:  PEP. 1:ENT 



RUM NO. 2 3 1  ZHFlPLE NO. 4 DATE 2 -.I#- L i. - 1837.3 

I:OHL TYPE- NE1j.I HEX 1 IzO ::UE:-E: I TUM 1IJIJ:S 

COAL L:ES I DEPiC:E T 1 F1E-I.lER:Zl-IRED s% . 7 2 [I :SECOI.iDZ 
ICFILCIJLATED 9. 1 7Ea ::EC:OIJDS 

NOF1 I NHL. COND I T I  OPiS TOTAL HIzCl-IClULATED I!.ITS. 
COAL FEED RHTE . ::: -3 5 :3 LE:..,.'HR C:OAL FED 5% 1 111 . [I 1;RHplr: 
H'i'DROGEN FL.Obl RHTE -965 0 L B ....' H k: IZHHR 2:2 1 . :!: lSRHI.1:: 
H'.I>'~ROI;EP~ ':?ELOC 1 T'f . la3:3:3 FT.::ZEC L I I;HT 0 I L:: 0. GRHM:: 

775 .  11 DEI: 1 ,  BTX REACTOR TEMP. U. r:RHIIS 
PREHEHT TEMP. --c, - 

a r .- . IJ IIEG 11 I?!FiTER 0. GRHHS 
H'i'DROGEt.1 F'RES:SURE 25 1:1 17 . p:: I 

C:HRBON MOPiOX I DE 
CHEBON D I O X I n E  
METHANE 
ETH' ILEN 
ETHHNE 
EENZENE 
TOLIJENE 
X'fLENE 
LIISHT O I L  
IhIHTER 

PROnl-ICT 1:OPil::. I P i  % CHRBOI.4 C:ONI.'. :.; PlHF I::OHL CON':?. 
ISA:~. PIOLE ;; TO PRODUCT TO F'R0DUI::T 

TOTHL 48.61) 4~1. d1.3 

TOTAL MATERIAL BALHNCE9 % 

CARBOPI HYDROISEN 0X'fl;EN P i  1 TROlSEN Sl-ILFI-IF: FlAF C:OHL 

TOTAL 4 :3 . E. 174.  6. 1 DO. 1 1:) 1:1 . :31.7 

HEHT OF REACTIOPi- -. 4 7 2 8  ~;CHL../I:F:HM OF COHL FED 

EFFECTIVE CHEBON CONVERSION- 48.6 0 PEEC:EtJT 
EFFECT I.,\)F E H E R G ~  EFF IS. 1ENC'i'- C.4. 11'3 PERCENT 



Rl-IN NO. 2 3 2  :SHPlPLE NO. 1 DHTE :I: - 1  - 1'379 

NOPlI PiHL C:ONrl I T I ON:: TOTHL HC:Cl_It-IUCATED b!T:Z. 
COHL FEED RHTE . 9::: 1 0 L B ....' H R COAL FEI l  5 1 3 . 7  GF:HPl::: 
HYDFOSEN FLOW RRTE ,$ .) ' . ...-. t. 0 LB/HR 11:HfiR .:, LO%.? GPRI.1:Z 

H'y'DPOISEN '.-'ELOC: 1 T'i' . 1:3:37 FT.>,.:SEC L I I ~ H T  0 IL :z  0. GRHI.l:< 
E'EHCTOF TEMP. -.5= ,. ,- .-8 . 111 DEI? C: BTX 0 . 1"FAM:S: _I .. 

PEEHEHT TEMP. 3 111 . 0 0 D I:: I.,! ATE R I:I . 13RHpl:z 
H'T'~IROI~EP F'EESSIJRE 2500 .  ps I 

CAF'BCIP~ prnvin:~: I rtE 
II:ARE:UPi 1:l 1 T TIE 
METHRNE 
ETH'IL-EN 
ETHHHE 
BENPENE 
TOLUENE 
X'i'LErJE 
L I G H T  011.. 
Id ATER 

TOTHL 1.5.27 1 . L I .-. ':' 

TOTHL MATEPIHL BHLHNCEr .? 

TOTAL 1 . t,:: 9.31 0 . I. i t  i~ . 1 o i l 1  
.-, .- .> 2 . il 

H'fDPOl3EPi I~:ON::':~)~.IPT I ON- -. :37;32E- ICI 1 L B H'CDROGEN..-'LE: COHL - .- -. ,. t.54 ATOP1 H'.~'~IE:UISEN ...' ATOO lZRRE:ON 

.-, r HEHT OF REFICTION- -. .:-b14 ~::CAL~I:RAP~ nF COAL FED 

EFFECTIVE CflREON CONVERSION- 1 .627  PEF' CEPiT 
EFFE1ZTIs-,!E ENERGY E F F I  C:IEPiC:Y- 1. 2'37 PEF'CENT 



KOHL T'IF'E- IdFI;! MEX 1 0  :::LIE:-E 1 TUPl! HOI-Is: 

COAL E E S I  DENCE T I  ME-MEA:Xl-IPED 0. ::;ECOHD:: 
CHLC:l-ILHTEII 4. 4 2 4  :SEl:OriD:S 

HOP1 I PiAL 1TOI.iII I T I  Or{:;: TOTAL HCCIJMULATED I,:jITL 
CURL FEED PHTE . 9 ::: 1 0 L B ...' H E' COAL FEII 5 1 3 . 7  ISEAM:;: 
H'.iDPOGEPi FLOl;! PATE . q ; .:a ..., @ .- 111 LB/'HF: CHAR 2 I-- . - i' 13 A r.1 :Z: 

1 :3 :I: 7 F T  ....' :%El: L IGHT  OIL:% H'.(DPOGEPi '*:'ELOC: ! T': U .  l3EAI.l:: 
7. -C  IIEG C: 1: T ::.< E:EHCTOE TEMP. i C .-, . I:! 1-1 . ISEHPIS 

PEEHEHT TEMP. :3 111 . CI 111 DEG C I;.IATEE 1.1 . I~EHP~S  
HYDPOl3EPi PEF:S:5:I_IEE 2 5 111 0 . p:z I 

l::A&'E;Dr4 P1OND::r'I IIE 
CHPBOP4 D 10:~ :  J I lE 
PlETHHPiE 
FTH'.i'LENE 
ETHHNE 
EEEiZENE 
TOLLIENE 
, ,. 0 

,:.:, .i L E I.I E 
L IGHT  0 r L  
IIIATEP 

TOTHL .-, .- cm. 1 2  2 3 . 5 1  

TOTHL PlHTEEI HL E:HLANCE 9 !.: 

TOTHL .-, .- 
ct-. I 1~10.  0. 1 an. 100 .  5 4 . 2  

HEAT OF REACTION- - .<I477 r r .HL , .  - . .I>EHPl O F  COHL FED 

E F F E C T I V E  CAREON' CONVERSI OH- 2 6 . 1 2  PEFIZEPiT 
EFFEC:T I '<E FPiEPGY FFF 1 I: 1 ENCY- :?dl. 815, F'EECEbiT 



FUN NO. 2:32 SHblPLE NO. .:, .-a ~ I H T E  :3 - 1  - 1 9 7 9  

II:OHL TYPE- PiEl! PlEX I O ?:LIR-'B I TUN INOU:? 

PiOl.1 I NAL. COI.lIl I T I ON:S TOTAL AIZIZUMULHTED !:.IT:;:. 
COHL FEED FHTE . 9:3 1 0 L B ..' H F: COAL FED 5 1 ::: . 7 GFHM:? 
H'.<DROGEI.4 FLOI;I PATE . 9::: En 0 LB..,.'HF: . C:HAE EO;3. 7 I ~FAMZ 
H'.~'DPOI~EN ':-'EL012 IT';' . 1""" -1 ._a 8 F T  ...' :SEC I-II3HT O I L S  0. GF:Al.lS 
EEAC:TOE ?EMF'. 7 .-.C - DEG I: E: T :.: i c .-I . !.I Id . GRHFIS 
PEEHEAT TEMP. .-I - - - .:, IJ . I) 14 DEI? C I.:J H T E F il . ISFAPI:: 
H'r'nRO15EI.i F'RE:Z::<:l.IFE 2501:I. pz: I 

IZHREON MONOXIDE 
1ZARE:ON D I O).:: I D E  
METHANE 
ETH'r'LEPiE 
ETHHNE 
BENZENE 
TOLI.IEPIE 
>('y'LENE 
LII3H.T O I L  
blPTER 

F'RDDIJCT CONI:. I E( '.: CAREON cUI.l1.:'. ,: r.1~F I:UHL ~::ui~Ji'(-G, 
I ~ A : ~ I  PIOLE :.: TO PRODUCT TO PEOIILICT 

TOTAL 3 1 . L 'z-sl ;53. i!;2 

TOTHL MATEF.: I HL BFLHNCE r 

L.. I OI! I D:S ,=, q 3 
'L' . _. '... 10 .8  0. 0. . 7 .  0 2  

l+"lpnl-:App,npi T , A ~ ; F ~  PP. 3 #a .. a> .., , :3 0. I:I . 0 . 2 1 . 0  
QApBOI.4 OX! BF:: I_l _ 0. 0, Ill . 0. 0. 
blHTEF: 1.1 . 0. U.  I! . I'l . 6 .  
HPlP!WNIP O. E, . :s 1 0. 100.  II . 1.:31 
H'I'DEOI~EN r5UL.F I IIE 0. 1.2i I? . u. 1 I? I? . 1. 05 
1:HHR 0. I? . 0. U. [I . 27. -3 

E F F E C T I V E  CARBON CONVERSION- .!:I .?<I PEEIZENT 
EFFECT 1 VE ENEEl?'.: EFFICIENCY-  42. [I 1 F'ERIZENT 



NOM I VAL. COND 1 T I  ONS 
COAL FEED PHTE . -3::: 1 111 L E: ...,' H F: 
HYDE;ClGEN FLfl1k.I FHTE . 9::: C, [I LB..'HF: 
H'.IDF.:Ol;EI.I '-..'ELIJI: 1 ?'I' 1 is137 F T .I 1:: E C 
REACTOR TEMP. 7 .-I C , L .-I . [I DEI: C: 
PEEHEHT TEMP. :3 [I. O O D E I ~  C 
Ha~i'DROGEN PEES:Sl-lF.:E 2 5  0 13. PIS 1 

CARB0I.i MOPiO:'< I DE 
C:HREON TI I O X  T TIE 
t.1FTHHNE 
ETH':'L ENE 
ETHHNE 
BFNZENF 
TOLI-1EtJE 
)::',i'LEF{E 
L-IGHT O!L 
I;.IHTEP 

TOTHL HIZCUPIULATED I.:JT:5. 
COAL FED 5 1 3 . 7  I_IEHI.~:~ 
CHHR 2 1118. 7 15 F;' H I.l:z: 
L IGHT  OIL:z . I:RAPIS 
B T >.:: [I . I ~ ~ H ~ : ~  
I:!ATEi? IJ . GRHMS 

% P1HF C:OAL CON',..'. 
TO PRODUCT 

TOTHL 3 :3 . 5 2-3- 

TOTAL MHTER I H L  BHLANCE? .? 

H"{DROGEN l:ON:<IJPlPT ION- . 36. 013E- 02  L B  H'?'TlF:OGEN./'CB 1:OHL 
. 1 9 413 HTOM H':'DROGEN.~.'ATOM C:HRBON 

HEAT OF REACTION- -. 4 5 7 9  KIZHL..,..RRHM OF IZOHL FED 

EFFECTIVE CFlREON CONVEFSION- :3:3.45 PEPlZENT 
EFFECT I {IE EPiEF:l5?' EFF 1 C 1EIJC':'- 44. :36 PERIXENT 



HUM I NHL C:OHD I T I ONS TOTAL HCCLIMI-ILATED I;IT:S. 
COAL FEED PATE . -3 -3 -3 7 LBxHP COAL FED .-I 3 ,. . 6 15RAt-l::: C 0- - 
H'T'DPOGEP~ FL.OI.:! E:ATE 1 . [I5 0 L B ./'H F: C H A F: ,= 9 (. . 4 I;F:AM:S .-, ,- -. 

H 'r' 1 1  I? O 13 E N I-.! E L q C: I T 'i' . 2 5 7 5  FT":SEC: L IGHT  OIL:: 0. 15 R A M ::: 
REACTOP TEMP. 7 .:, C 

I L.-e. 0 D E I; C 8 ::,< I:I . GEHM:?: 
PFEHEHT TEMP. :I: [I . [I [I DEG iI: WATER 0. GRntl:z 
HYDPIJGEP+ PRESSCIPF 2 [I <I 111 . p:: 1 

CAEROIJ 
HYDPOGEN 

;..: '.r' 1; E 14 
I~TT!?OI:EI I 
.5UL FIJI? 
A:SH 

!I:AF:BCIN I.lONO>.< I DE 
CARBON DIO?.(IDE 
PlETHHNE 
ETHVL EVE 
ETHANE 
BENZENE 
TOLCIEIIE 
;:.< '.j'L E N E 
L IGHT  O I L  
WHTEF: 

~ ~ ~ ~ I I - I C T  c:Uf'll-:. IN I.: Il:HHbU(q i;.DIJBv1. 7: IpIfiF iz:BRL Cut IV. - - 
~ H : L . ?  PIOLE I.: TO PRODCICT TO PRODCICT 

TOTAL 1. c.51 1 . 

TOTHL MATEEIHL BALANCE? % 

H'.r'DROGEpi COM:SUPlPT IOH- -. 137 [l:3E- 01 L B  H'iDR0GEI.i .,LB COAL 
-. 7494 ATOP1 HYDF:OI5EN...~'HTOPl CAREON 

HEAT DF REAlZT I ON- -. 3 i , 7 5  t<CHL.s.'GF.:HM OF COAL FED 

EFFECTIVE CHFEON CONVEFS!ON- 1.1551 PEFCEPiT 
EFFECT I 'dE EI~EPG'T' EFF I S: I Er.iCtl?- i . 5:3:3 PERCENT 



ELIN 140. 2:3:1-: :SAMPLE NO. 2 DATE 3 . -c, - !*17g 

C:OHL PE:; ! DEPICE T! ME-P1EH:;UFED CI . ::EC:Op{Jl:$ 
I:HLCI-ILHTEII 4 .  '31 0 :SECOND::: 

PIOM! VAL C:OIdD!T !ON:s TOTRL Pl~:C:I-lPlULRTED I;lT:x. 
ICOHL.. FEE11 FATE ' S g q 7  . _. _. _. I L B ..' H F: C:OHL FED 5 3 7 . 6  I;EAP~S 
H':'DF:OI3EPi FLOI:! FATE 1. 050 LB....'HF( CHHF 297.4 ISFAM:S 
H ':' D F: I; E N ',!EL 0 I: I T '.! , 2 5 7 5  F T  ...' :;El: LII;HT O I L S  0. I;F:HM::: 
E!EACTO.F TEMP. - .=, c i. L ,t . O DEI; C B T ::.: O.  I ~ E H P ~ : ~  
PPEHEAT TEMP. :I: 111 . [I [I IIEI; C I.:IHTER . c;FHPl:? 
HYDEOI;EI.~ PRESSU.FE 2 0 I:! 111 . .p:z 1 

r:HF:Bnr.I 
HYDP0S.EI.I 
0 )(': 15 EN 
Pi! TPOGEN 
:5: I. 11. F I.! F: 
H:ZH 

l::iSF:BOI.1 P1014O:>:: I I lE  
CHFBON D!OW!DE 
PlETHAP4F 
ETHYLENE 
ETHHPIE 
BENZENE 
TflL.. I-IENE 
X';'LENE 
L IGHT  O!L 
WHTEF 

TOTHL 19.  1 5  1 7 1 C. 
l . r l. 

TOTHL MHTEFIHL BRLPNCEs % 

H'.;'DF:nl;EN 1:ON::l-lPIPT ION- -. 1 CIE: OE- O 1 LE: HYIIPOGEN ....'LB C O W  
- .I. , 0 c . ,- A a-n .-n ATDM HYDROGEPi..~~'ATOM CAE:BOPi 

HEHT OF PEAI::TI ON- -. 424 O KCHL.....GFHpl OF COAL FED 

EFFECTIVE CHRBON CONVEI?S!OH- !9.15 PEE CENT 
EFFECTIVE ENEPGY EFFICIENCY- ~ 5 . 0 0  PEF:C:EPiT 



FIJH pin. 3 : ~ :  SHMPLE NO. :3 IIHTE :3 -5, - ! 979 

I.(nPl? N H i  I~OND 1 T 1 ON:S TOTHL HI:CIJMCILHTED I,:!T:S .. 
C:OAL FEED RATE ,qqq7 . -. _. _. I LB/HF: CURL FED 597. E, GEHMS 
HYDROl5EN FL Old RATE . [15(l LB....'HF.: C:HHF 2 9 7 .  .$ r:RAI.l:Z 
H':'DF:~IYEN VELOC: 1 T':' F T  :SEE L IGHT  O1L:S 0. GRHM:T 
PEAC:TOP TEMP. 729. 0 DEG C 1: T :;.( 111 . ITFHMS 
PPEHEHT TEMP. :3 [I. 0 0 DEG C l:!HTEE 0. GEAM:S: 
HYDpOGEN PFE.Z:Sl-IRE EOI:IO. PZ 1 

CHFBON PlONOX! DF 
CHPBOPi TI I O::<: T DE 
ME?HHI.iE 
FTH':'I FNF 
ETHHNE 
BENZENE 
TOLClENE 
X'.<L E N  
L IGHT  O I L  
I;!HTER 

CURL H N A L V . ~ T -  , .:. A 2. 5 :.: CHHR HNRLs:':S 1 ::: 9 2 
C .-, -. . :3 [I 0. 
4 . : :=I Id 0. 
I%.. :30 0. 
1.230 0. 
.:31oIj i'. 
! 7 . & : 3  :3 5 . 5 :3 

0. 
0. 
1 1 .=a .- 
A A . .-.b 

0. 
,) '2 .$' 

. L  L 

5. 6:38 
. 4 6 J t. .- t. .- . 
0. 
I). 

TOTHL 24 .  :3? 21 - 71 

TOTHL . MATERIHL BHLHNCEr :.: 

--- - 
! U ! H L  2Oi 3 :3 9 . '5 0. I on. 1 0 0 .  5, .3 . 5 

E F F E C T I V E  CRI?EON CONVERS! ON- 2 4  . .'- .-IC PEPlZENT 
E F F E C T I V E  ENERGY EFF IC IENCY-  :32.06- F'ERC:EI.iT 

:SAMPLE NO. 



FUN NO. 2 3 3  :<Ht-lPLE NO. 4 nHTE - - ! 9 7 9  

NOM! HAL C:OND! TI nriz - TOTHL HC:CIJPIULATED UT::;. 
COAL FEED FATE . 13 -3 -3 7 LB..'HE COHL FED 5 9 7 .  6 I~EHPIZ: 
H?.'DFOl?EN FLOlkJ EHTE !. 0 5 0  LB..'HE CHHP 2037. 4 I:EAM:: 
HC'rIFDI5EI.4 '-IELCIIT: 1 T'f . .=,c-e L J i .-I FT.,.':ZEC: L!IYHT O!L:S 0. 15F;'Hplg 
PEHCTOF TEMP. 725 .  0 DEG C: F;?:.: 0. 1jRHPI:S 
PPEHEHT TEMP. ::0.00 IIEG C I;!ATEP I:I . GRHP1:S 
HYDPOGEH PPESSUFE 2 111 111 111 . p~ 

I::HRBON 
H':'DF.'OGFH 
OX8.:l5EH 
Pi! TPCIGEFi 
:Z:ULFUP 
H::H 

CHEBON PlnNO:.:!DE 
'C:H!?EOI'( D I OX! DE 
METHHNE 
ETH'fLENE 
ETHHNE 
BENZENE 
TOLLIENE 
X';;'LEE 
L?GHT n!l- 
l;!HTEP 

TOTHL 2 5 . 9 5  2:s. 1:1:3 

TOTHL MHTEI? ! HL E:RLHNCE t :.: 

TOTHL 2 5 . 9  9 4 . 0  1.1 . ! [I [I . 1 [lo. 6, .$ . #3 

Har'DPO15EN COH:F:UMPT! ON- -. 2525E-  02 L B  H':.'DSOl;EN.,'LB IZOAL 
-. 5 1 OE- 01 HTOM HYDFDl?EN/HTOM CHE;B~N 

HER? OF EEHCT!ON- - .423!  KCHLJ'GPHM OF KOHL FED 

EFFECTIVE CRREON CONVERSION- 25 .95  PEP CENT 
EFFES:T?~.JE ENEPG'f EFF C EN1:':'- :>.I. 1 7  . PEECENT 



ECIH NO. 2:34 :::AMPLE Flu. ! DATE 13 - 7  - A 34"" _. 0 _. 

C:OHL RE:: ! DEPiC:E T! I.~E-I.~EH:SUEEII 0. :SECOND:: 
I:AI .CljLATEI! 1.. 801 ::ECONDr,: 

NOW I PiAL COND! T !OI.i:Z TOTAL ACCl-lP1ULRTED I.:!?::. 
C:OHL FEED RHTE ,q ,q ,q 7 L B  ...' HE IZOHL FEI l  7 i p, .- . 15~fi1.1:5 . _. _. _. I 
H'?DFOl;EN FLOI;I RHTE nq ,=, C - . , ,-, .-, ?I LB...+IE CHAR .I 1 2  . :3 I;RRP~:S 
H'..'DEOISEI.i '-iELOS:! T':' . 3 .? .? 1 FT,/ZEC LII5HT OIL::. 0. I;EHI.I:: 
REACTOF: TEMP. - .- .. -a 7 DEN:~:  BTX , ,- .- . [I 0. I;EAN:S 
PPEHEAT TEMP. :3 [I . fi [I DEIS C l;!HTEE . !X:AM:: 
H';'DROl;EN PRE::::::CIEE ! 5 i l  [I . p:? I 

lI:-,,qL AIJAL".T.'T' -. , A .;. 5 ..'; 1:HAp Hp{fiL'<z: ;: 
II:HRT:UFI c .-I .. . .:. .-I ,-I - 0. 
H'?'IIE:OC.EI. 4. . 
n ';.;' Y 1; F 16,:31l 0 . 
pi  1 T R O I ~ E ~ ~  . 1 . 2 3 0  il . 
51-IL FLIP . 111 1 I:! 13 0. 
A5:H 17. 1:3 32 .  7 4  

F R ~ I I J C T  ~:onc. I 1.1 :.i I:H~!I:UF~ IL:LI~~~.,). .:.: 1 1 1 l - i ~  C U A i  COI.(V. ' 

13A::r PIOLE .!.: TO PRODUCT TO F'HODIJC:T 

CHRBON MONOXIDE 
CHRBON DTBXIDE 
METHANE 
ETHYLEt.iE 
ETHANE 
BENZENE 
TOLI-IENE 
>.('.ILENE 
L IGHT  OIL 
lrl H T E 6: 

TOTAL 3 #> .=. a> 
L . _. ._* _. 2 . 5 6 0  

TOTAL WATER I RL E:HLAHCE 7: 

CHPEON H'IIlROlSEPi OXYGEN I.I I TRO1;EPI ::LlLFlJR PlAF COAL 

H'.i'DF'Ol;EN CONZUWPT 1 Obi- -. :34$8E- 13 1 LE: H'~'IIROISEN.~~~LB C:OAL _ 7 - = a -  . < I.I.-~+ ATOM HcIDRO~;EN.,.'ATOI.l l:HREOFi 

HEnT OF REHCT!ON- -. 3 7 2 2  ~:C:AL...'I;F.'HI.~ OF C:OAL FED 

EFFECT I VE CnREON CONVERS! OH- 2 .  G=*-> .. .-- .. PERCENT 
EFFECT II-..'E ENEE'I;~I' EFF IC:IEI.~C-~- 3. 2 5 2  - PERCEFIT 



RUN NO. 2 3 4  :SAMPLE NO. .-I c DATE :3 - 7  - 1.379 

COHL FEZ: IJIENCE T I  ME-MEHSLIEED . :::ECOp+rl::: 
I:HLCUI-HTED :3. 6.1:12 'ZEII:OI.~U:~ 

I.IOMIFiAL C:OIJDI T 1OPi:Z TOTHL AI:I:UP~ULATEII CJT:?. 
COAL FEED RHTE - 9 9 9 7  LB....+tR COHL FED 7 , b4.4  .- l2,F:HpIS 
HYDROGEN FLOl;I EHTE . QS-~C -. [I LB.,'HR C:HHR 4 1 .zq L . ,=a CS I ~ R A M : ~  
HYDRDGEN b"LOC I TP ,1322 1 FT....':::EC L IGHT  OIL:< 0. ISRHM:~ 
REHCTOR TEMP. - .=, c 

B L.-I .  0 rJEG C ETX 0. 15RHpl:r: 
PREHEHT TEMP. .:, .-. [I . [I [I DEI; I: IJJHTER U. GRHM:~ 
H'i'JjROI3ErJ PRE:5SUFiE 1 5 0 1:l . P:S I 

PPODUCT CONK. I N  2 CHRBON CON1-,-'. :.; P1HF C[7FiL I:Of('t-'. 
GAS 7 PIOLE :.: TO PRODUCT TO PRODI-ICT 

CHRBON PION@:.: I DF 
CHRF:OIJ D I O:.< I DE 
PlETHHFiE 
ETH'i'LENE 
ETHHNE 
BEFIFEHE 
TOLLIENE 
;.:; y L EN E 
L IGHT  O I L  
WHTER 

TOTAL MHTEEIHL BHLHNCEI % 

CARB0I.i. H'fDROlSEN OXYGEN NTTEOl3EN :SLlLFlJR P1AF COHL 

L I I;I 1-1 I D 3. J . 4 -3 5 . 5 ~  I:! . I:! . n. 3.4'3 
H'.{DROCFiRE:Opi I;P:?E::: 12.  7 c .-It, 7 . 4 [I . 0. U. 1 1 . 9  
CRRBON OX I DE::: 1-1 . 0 . . 0. 1.1 . U. 
CJHTER 0. 0. 1.1 . I:I . . 0. 
HPlPlOPi I A 0. E. . 3 1 0. 100.  0. 1.80 
H'I'DROGFN :?I-ILF I DE 0. 1 - 2 1  1.1 . 0. 1 U 111 . 1 . 04 
I:HAF: 0. I:I . 1.1 . 0. 15. 43.  9 

TOTHL 17 .2  6 3 . 5  1.1 . 1DO. 100 .  6 --L. .=, 1 

H'i"DR0ISEFi CUI.)i~CIMPT I ON- -. 127c.E- 0 1 L B  H'T'DF:OGEN.'.'LB l:OHL 
- .>c .>.=, . L.I-IL ATOP1 HYDRDGEN.~~'RTOPl CRRBON 

HERT OF REHCTION- - .4E42 KI:HL.....I;RHP~ OF I::OHL FED 

EFFECTIVE CRRBON CONVERS !ON- 1 7 . 1 7  PERCEFiT 
EFFECT J'VE ENERSY EFFICIENCY-  22.55 PERCENT 



FI-IPI NO. 23.1 :SHI.lF'LE NO. :3 

COAL TYF'E- PiFhl MEX I q :ZUE:-BI TI-IN !PiOU:S 

PiOPl I PIAL CON11 I T I 0I.i:: TOTAL AC:C:IJPlULHTED I.:!TS. 
COAL FEED RATE .39-37 L B ....' H I? COAL FED t b4 . 4 GRHI.1:: 7 .- 
H'i'IIROGEPi FLOhl RATE . 3 :35 [I L E: ....' H E: C:HAR 112.:3 GF.:HPl:S 
H ' ~ ~ D R I J I ~ E  VELOI;: I T'I' -13;)s 1 FT.'?SEC L I I ~ H T  0 1 L:3 I:I . 1;F:HM:;: 
REHCTOt7 TEMP. 725 .  8 1 IIEI; C BTX 0. C; R A P l  :;: 
PREHEAT TEMP. :3 11 . [I 0 DEI; C: IJATER I! . I;RAII:Z 
H'.i'DEOI3EN F'RE:S:SURE 1 5  n 0. p:5 I 

CAE'RCIN 
HUDRCISEIJ 
nX'.:r,Epi 
N 1 TRCI1YFI.I 
.:!.I1 FI  IF' 
H:xh 

CAPBOPi PIONOX! DE 
C:AI?EOPl D !OX I DE 
METHHNE 
ETHC'LEPiE 
ETHANE 
BENZEHE 
TOLUEPiE 
1: :: ':' L E N  
L IGHT  O I L  
I.:! ATE P 

TOTAL 2 '3 . :3 c, 2 : .  03 

TOTAL MATEF!HL BRLANCE r % 

HYDROI;EN I:Ori:ZIJPlPT I0I.i- - I I -  I L B  H'.'DF.'OGEN.'LB COHL 
- . 64 , c.- .-o.dE-O! ATOM H'~~DPOGEN/ATOM CHEFON 

HEHT OF REHETION- -. 4448 KCHL.,.'I~I?HM OF COAL FED 

EFFECT I '/E I:AE'BON C:ONt:'ERS 101-  2:3.;36 PERC:ENT 
EFFEC:? I ?JE  ENEPI~'.! EFFIC;! ENI:~:- :3 ! . c,7 PERCENT 



RUN PiO. 2 3 4  :?HPlPLE NO. 4 DFfTE :3 -7 - 1 9 7 3  

rJCll.1 INHL  C:OPiD I T I OPiS TUTHL Hl:CUPlIJLATED lr!T:S. 
CURL FEED RHTE . ,3957 L B .., H !? KOHL FED c b 4 . 4  GRAM:S - .- 
H ' ~ i ' ~ ~ R 0 G E I  FLOlr! RHTE ,>,>C - . ..,-..-I Id LB,s'HR CHHR LI 1 2 . :3 GRHPlS . :322 1 FT,'.':SEC L I GHT o I L:;: HYIjROl5EI.i '-!ELOC: I To.(' Id . GRHP1:S 

7 .=, c DEITC  BT>.< FEHCTOR TEMP. a h- .-I . I3 1) . 1;RHM::: 
PREHEAT TEMP. :3 [I. 0 0 DEG C G!ATER 0. IT RAP^:;: 
HLi'r~ROl5EH PPFS:ZUFE 1 5 0 I:I . P:: I 

IZHRFON Pinrinx I DE 
IZHRBON D IOX I TIE 
PlETHHI.(E 
ETHYLEPiE 
ETHHNE 
BENZEPiE 
TOLUENE 
::.<'ySL E p{E 
L IGHT  O I L  
ItlHTER 

PRODIJC:T COFiC. I N  C:HRBON COPii!. :.: MAF COAL CON'!. 
GA:?. MOLE :.: TO PE.'ODIJC:T TO PRODUCT 

TOTHL 24. 7:s 
\ 

TOTAL MHTER I HL RAL.HPiCE 9 :< 

CHRBON H'YDROGEN OX'fGEN N I TROSEN SULFUR MHF COAL 

L 101-1 I US 6%. :36 :3.27 0. 0.  [I . 5. 33 
HYDRuCHPBOpi 1;p:3Es 1 7. '3 ~~7 i ..Tn 0. il . U. 1 15 . :3 
CHRBON OXIDES 0 . 0. 0 . 111 . 111 . 0. 
IrJA'TER 0. 0. 0. 0. . 0. 
HIINOF4 I A 0. E. . :3 1 11 . 1150. [I . 1 .:30 
H'T'DROGEN ,SI.IL F I UF: [I. 1 . 2 1  0. I:I . 100.  1. 04  
CHHR 0. 0. 0. 0. 0. 43. -3 

TOTAL 24 .  :3 9 4 . 4  0. 100.  100.  E.8. 8 

HYDROGEPt CON:::I-lHPT I OPi- - 3 1 E- I LE: H'I'DROI~EN ....' L B  CURL 
-. 47 17E- 0 1 HTOM HYDROGEN ....' HTOM CHRBON 

HEHT OF REHC:TI ON- -. 41384 KCAL./SKAM OF CURL FED 

EFFECTIVE CARBON CONVERSIOH- 2 4 . 7 5  PERCENT 
EFFECT I!?€ EPiERITY EFF I C I EFiCY- 33. 115 PERCENT 



FUN NO. 2::s C - .,HMPLE Pin. ! 

NOM! NAL 'COND! T! 0I.i:: TOTAL HIZCUPII-ILATED I:JT:Z. 
CURL FEED FATE !. 0!51 L B ..,'I+ R COAL FED E , 6 -,.-, .:a . :3 GE:HPlS 
H'.ZDEnISEN FLOI.:I PATE . -3 . :: J h - IJ - L B ., H R CHAR .I, 13 ! . -3 GE:HPl:S .-, .- 

HS~.'DFOI3EN '-r'ELOl: 1 T'? ~ ) 5 9 2  F T  ...' :ZEC L IGHT  O I L S  0. 13RitPl:S 
75c DEGIz  ET': FEAIZTOF TEPlP. , ,..-a . O IJ . I';E~~P~S 

PREHEHT TEMP. 3 0 . 0 0  DEI; I: I;!ATER 0. I;F.:AM:Z 
Ht<DRO13EN PRE:S:SIJEE 1 [I [I [I . p:z 

CHRBON MONOX!DE 
CARBDN DI O::<! DE 
PlETHfiNE 
ETH'YLENE 
ETHANE 
BENZENE 
TOLClEPiE 
L."'LEp{E 
/I . 
L IGHT  O?L 
!:JHTEE: 

PFODI-IC: ! C:UNC:. I lu :.: 1:.AF:8011 ~:.urir~. !: PII-11- C O ~ L  II;OII~V~. 
IsA:S? MOLE 2 TO PRODUCT TO PRODI-117 

TOTAL ! . 449 . !2s? 

TOTAL MATEE:! AL BHL-HNCE ?: 

EFFEI:? !'-,!E CHF:BON CDN1-:'E!?:T! ON- 1 . 44-3 F'ERCEPiT 
EFFECTIVE ENEE:I;Y EFF 1 C y ENCY- . 9 4 4 5  PEEI~ENT 



F:UPi NO. 2 3 5  :SRPlPLE NO. .=u L 

NOM I HAL CoPirI I T I OI.~::: TOTAL PCC:UMULHTED I;IT:S. 
COAL FEED PHTE 1 . [I 1 [I LB.,'HF . I:OAL FEI I  F.F.:3 . :3 13RHM5: 
H'.'DFOGEPi FLOI;! PATE q .:, .- . .. .-, b I) L B ./' H F: I: HA F: .:, b 1 . 3 IYF:HM:S r, i 

Ha.;.'JjF0GEPi '-)ELOC:I T'.' . 45'32 FT./:T:El: L I GHT 0: LIZ U. I~FAM:: 
PEHCTOF TEMP. 7 .-. C 

i c . ~ .  O D E I; C B T !.:: 0. l;F:HrI:S 
PREHEAT TEMP. :I: <I . <I [I D E I ~  C: i.:!ATEF . I;F:AP~S 
H'tDPOGEh PF:ES:SUF:E 1 [I [I [I . p:: 1 

CAPBOI.4 MOPiO?,::! DE 
CHPE:ON D! OX I DE 
METHANE 
ETH'..'LEEE 
ETHHNE 
BEPiZENE 
TOLUENE 
X'<L.ENE 
L IGHT  ClIL 
I;!ATEF 

TOTRL I 'C* 7 1 
r ._a . !E.7:3 

TOTAL I .:- ._- . 7 ..I .-I . i. C C  - 3 - 3 7  ! 00. 100.  E, [I . 1 

HEHT OF REHCTION- -.405:3 KC~~L..,.I~FHH OF KOHL FED 

E F F E C T I V E  CHEBON CONVERSIOH- ! 3 . 7 1  PERCENT 
EFFECT r)E EtiERl~';' EFF I C  1 EIqC.';.'- ! 6. 9I:l PERCENT 



RUPI NO. 2:35 :ZHPIPLE NO. .:, .-- 

HOPI I N A L  COND! T I  ONS TOTHL ACCl-IMI-ILHTEn l:.l?S. 
CDHL FEED RHTE !.0!0 L B .,.' H R COHL FED 6 6 3 .  :3 ljE:AM:Z 
HYDROGEN FL0l.d EHTE q .:, .-, . .. .-. r 0 L B ...,. H R CHHE .:, b ! . ,3 I;RHM:S .-, .- 

FT..,'~EI: LIIYHT OIL:s HYDROISEN VELOC 1 T'f .45'32 U. I~FHPIS 
REHCTOE TEMP. 7 .  .C C .-9 . 13 DES 12 BT):: 0 . I ~ R A M : ~  
PREHEAT TEMP. :3 0. 0 51 D E I ~  C I;JHTEF: 0. 13 R H I.1::: 
HYIIEDI;EN PEE:::SCIRE ! 0013. p:s I 

CHEBON MDNOX!DE 
CPEkON nTnX IDE  
ElETHHNE 
ETHt:'LEPiE 
ETHAI.iE 
BENZEPiE 
TOLClENE 
::.; ':' L E EN 
I,TGHT O I L  
WATER 

TOTHL 17.71:l !&. 2;3 

TOTHL FIHTERIHL BALHNCEI % 

H':DROITEP{ C:OP{:~I_IPlPT ION- - 1 ! E- I :  L B  H'."DROI3EN/LB COAL 
--  27 i 5 . .-- HTOPl H'YDROI5EN.~'HTGM C:HRF;OFi 

HEAT OF REACTION- -,. 4 1 0 0  KI:HL...'I~PH~I OF. C:OAL FED 

E F F E C T I V E  CHREON CON1dEI?SION- 1 7 . 7  [I PERCEPiT 
EFFEIZT !'*:'E ENEEl;': EFF C TEN[:':'- LC. 0.1' PERCENT 



ELIN NO. 2 3 5  SHPlPLE NO. 4 DATE 3 -8 - 1 - 7 "  A '3 i .. 

T':'PE- NEI:J MEXICO SUR-BI TUP1 INOIJS 

NOP1 INHL C:OP4DIT!OPiS TOTHL RCCIJMULHTED I;!TS. 
COHL FEED EHTE ! .010 LB/HE COHL FED 663.  8 GE:HM:: 
HUDFOSEN FLOI.:I FATE . 9 3 6  111 L E:.,s.HR CHAE .> 5 ! . '3 GF:HM:S .-, " 

H':'DFOGEPi '?ELOC:! ?'yo . 45-32 FT/:SEC L I ~ H T  0 IL:Z 0. I~EAMS 
FEHCTOF TEMP. 7 i c . ~  .-. c . I? DEG C B T ::.:: 0. I~EAMS 
PEEHEAT TEMP. :I: [I . 51 51 DEG I: IIHTEE 0 . GRHMS 
H'.:'DFOI~EN PFE:TSCIEE !0510. p : ~  I 

COHL HNHLC:'5: I S  I % CHHE Ap{AL";':z I:z % 
C:RFBDP4 C '2 

.-0 .. . :3 O 51 . 
4. ::30 H'.:'DFOl:EN 1.1 . 

O>t'.;c;EN 1 . :3 a 0. 
Pi! TROGEN !.2:30 0. 
:Z 1-IL F 1-1 R .8! . 
HSH 1 7 . 1 8  :32. 4 3  

CHFEON MONOW!DE 
CAFRflN D!OX!D€ 
PlFTHHNE 
ETH':'LENE 
ETHANE 
BENZENE 
TOLL1 ENE 
XafLEHE 
L IGHT  O I L  
!:!HTER 

TOTHL 13. 0'3 16,. 5 2  

TOTAL MHTERI HL BALHNCE r X 

CHFRON H?DPOGEN OXYGEN N ! TROGEN :ZI-ILFI-I~ MHF CURL 

?O?HL 1" 0-* . ! 69 .  7 3.1 [I ! (I [I . 100.  63 .  3 

Ha:'DEOGEN CON:s:CIMPT !Obi- -. !26,7E- 0 1 LB.  HYDF.'OGEN/LB C:OHL -. 256.1 HTOM H'r'DROGEN.~HTOM 1::HREON 

HEBT OF PEFKTION- -. 4 1 3 4  F:CAL..,'GRHM OF COAL FED 

EFFECT I VE CAF2BON CONVERSION- ! S. 139 PERCENT 
EFFECT I'4E EP4ERG':' EFF ! C!ENC:'r'- 22.  ;32 PEFCENT 



RLlN NO. 2 3 6  :z:HPlPLE NO. ! DATE ::; - ' . = a  A .-1 - 197.3 

COAL FEZ DENCE T! ME-P1EA:ZURED 4 . :3 0 [I :::ECOND:S: 
C:HL.CIJLHTED 61 . .-s .'= .-I I? - :CECONIl::: 

PiOM :HAL C:OND I T! OPIS TOTAL HCI:UP~ULATE~I l:JT:z. 
COAL FEED PATE 1. 059  LE: ....' HR COAL FED 6 [I 1:1 . [I I~F:AI.~:Z 
H';.'DF!Cll?EPi FLOI;! FATE ! . :3:3 0 LE:..'HF: CHAP 2 4 7 . 5  GFRI.l:Z 
H':'IlE:OGE VELOC: ! TC' - 2 4  14 FT..':~EII:. L IGHT  O! L:: 0. l;F.:AI.l:Z 
E?ZACTOP TEMP. 751:l. [I D E I ~  C B T ::.< 0. GRAMS 

:3 [I . [I [I 11~15 c PPEHEAT TEMP. !:!ATEF: I? . I ~ R A M : ~  
H':'IlF:IJl?EI.I F'E:E:zSI_IRE 250~1 .  F':? ! 

CR!?F;ON bi.IONO:.: 1 DE 
CHF:BIJN 11 I OX I nE 
MET HA PIE 
ETHr?LENE 
E f  HliNE 
BEPi ZENE 
TOLUENE 
>.( ',: L E E 
L IGHT  O!L 
I;lHTEF! 

F'fi'ODUCT COPiC. I P i  :,; C:AEE(OI( 1:0Pi!.{. :.: MAF COHL C:O1.ilI.'. 
GAS? Pll3L.E 2 TO F'RODUCT TO PRODI_ICT . 

TOTAL 29. 1 1  2 5 . 7 5  

TOTAL PIHTER!HL BALANCE: ..: 

TOTAL .=. 0- b 3 .  i 105. 0. 1 111 0 - 1 rJ[I. 
c- 
- 1 i  . 1 

HEAT O F  R E A C T I O N -  -. 4:::0:3 KC:AL.,*I~RAII OF I::UAL FED 

E F F E C T  I ' 4 E  CHRBON CONVERSION- 29. ? ! PERCENT 
EFFElZT I1-.!E EI.+EPl5';.' EFF ! C ENCY- 3:3. 3 9  F'EFlzEf4T 



FUN NO. 2:3c, :Z:APlPLE NO. 2 

NOMINHL COND!TIDNS TOTAL AC:CI-IMULATED !:.ITS. 
COAL FEEn FHTE : . [IS-3 LB..'HR COAL FED E, 111 111 . 0 I~RHPIS 
H':'DEOGEIi FL.O!:I EAT€ 1 . CI 6, [I LB.,'HR CHAP 2.17. 5 I;PHMS 

.2.1:2 HYDFOGEN VELUC l TY FT./':TEC L I I ~ H T  O I  L:: 1.1 . . l;F.:Apl:z 
EEHC:TOF: TEMP. -c - , .-I IJ . 0 JjEG C: BTX . l;RAPlS 
PPEHEHT TEMP. :30.00 DEl: C: I.:IATEE 1.1 . 1;RHPl:Z: 
H':'DF:OI3EN PEE:z:z:l-IEE 2 5 111 0 . p:z I 

ICAPBON FlOI.in>::I I IE 
1::HFBON D IOX IDE  
METHANE 
ETH':'LENE 
ETHHNE 
BENZENE 
TOLLIENE 
Xa<LEI.{E 
L IGHT  O I L  
I:lATEE 

F'RODI-ICT CONE. I N  ;: C:HEBOF{ COI.{$J. :< MAF COAL CON1.,!. 
13A:zr PIOLE :,: TO PFODUII:? TD PEODUCT 

TOTAL :38.5! :3:3. :3rJ 

TOTHL MATEE!AL. BALANCE. % 

TOTHL :3 :3 . 5 * .-'L. . :on. !no. 6 5 . 2  , .:,.=a 

~";'.4lElJl~Ebi CDI.i:zCIP1PT ION- . ! :33:3E- 0 1  L B  H':'rIROI?EN/L 1:OHL 
-37  (17 ATOM H'~<DROGEN~ATOM CARBON 

HEAT OF EEAC:?! ON- -. 4:36.7 tCAL.,'l3RAM OF COAL FED 

E F F E C T I V E  CHRBON CONVERSION- 3:::.5! PEEIZEHT 
EFFEIZT? VE ENEFG':' EFF I C:! ENCC'- If; 0.5  [I PEECENT 



1::OHL RE:?! DENC:F: ?!ME-P1EH:SUFED r3 . E. [I 11 :SEI:ONDS 
I:HL.I:ULHTED n ,I, . h ' j 4  - -  ::EI::OND:S 

MOM ! HAL. C:OIJD ! T I ONS TOTHL HC1:UMULATED I;IT:~. 
COAL FEED PATE 1. 0 5 9  LB.'HF C:OHL FED En I:I 0 . 0 15FHM:S 
HYDEOl3EN FLObI FHTE !.2:[1 LB...+IF 1:HHF &- .> 4 7 , .5 I:RHNS 
HYDFOGEtJ '-!ELOC! ?Y . ,241 4 FTr:SEC L I I ~ H T  OIL:: 0. I;RHM:S 

7= - EERCTOF TEMP. i ,I IU. O DEI~ I :  BTX Id . GEAI.I:S 
PPEHEHT TEMP. :3 il . O 0 DE15 I: I.:IHTEF: U.  I:EAI.~S 
HyDEfJljEN PEES:ZI.If?E 2 5 I:I 0 . p : ~  ! 

CARBON PlOP4lJ!.<!DE 
l::HRT:OPf DIO::.:: I DE 
PIETHANE 
ETH':'LENE 
ETHHPiE 
BEtJZEPiE 
TOL.UEPiE 
X'yLENE 
L!GHT O I L  
I;JATEF 

TOTHL MHTEF!HL BRLqNCE? 

H'.:'DPUGEN COPi:5l-lPlPT 1 ON-. . I?:?: OE- 0 1  L B  H'<DFOI:EN.YLE CDHL . 2.158 ATOM H':'DR05EN..'HTOM CHFBON 

HER? OF FEHCTION- - . 4 4 5 0  GCHL.,'6FRM OF KOHL FED 

EFFECTIVE CHRBON CONVERSION- :3CS. 5 8  PERCENT 
EFFECT ! $!E FNERG':' EFF !I: I EHC'f- ~1:3 . 6, 5 PEFCEN? 



RIJN NO. 237 SHMPLE NO. 1 DHTE 3 -14 - 1979 

CURL T'I'PE- NEIJ MEXICO :SIJB-BITIJMINOIJ:X 

COHL RESIDENCE T I  ME-MEHSURED 0. :<ECONDS 
CHLClJLATEn 2.o20 , SEC0ND:S 

NOM I NHL CONDITIONS TOTHL HCCUMULHTED WTS. 
COHL FEED RHTE 1. 12'3 LB,,'HR COHL FED 659.7 GRHM:S 
HYDROGEN FLOW PHTE 1. 080 LB./'HR CHHR :3 02 .0 GRAMS 
HYDROGEN {{ELOC I Ti' .2715 FT lSEC L IGHT  O I L S  0. GRHMS 
REHCTOR TEMP. 7 (50. D DEG C BTX D.  GRHMS 
PREHEAT TEMP. :3 13 . 0 13 DEG C INITER 0. GRHM:S 
HYDROGEN PRESSURE 2000. P:s I 

COHL HNHLY:s 1 :S 9 % CHHR HNHLYS I S 9 % 
CHRBON 5'3.30 0. 
HYDROGEN 4.180 0. 
OX'flFEN 16.80 0. 
N I TROGEN 1.2:30 0. 
:SIJLFlJR .:3100 0. 
H:SH 17.68 33.62 

PRODUCT CONC. I N  ? CHRBON CONV. % MHF COHL CONV. 
SAS9 MOLE % TO PRODUCT TO PRODUCT 

CHREON MONOXIDE 
CHRBON D IOX IDE  
METHHNE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLClENE 
X'I'LENE 
L IGHT  O I L  
WHTER 

TOTAL :3 . 3 1 5 2.817 

TOTHL MHTERIAL EHLHNCE, .% 

CHRRON HYDROGEN OXYGEN NITROGEN SULFUR MHF COAL 

L 1121-1 I DS E. 07 2.52 Y- 0 . 0. 1.62 
HYDROCARBON GHSES 1.25 5.94 0. 0. 0. 1.20 
CHRBON OXIDES 0. 0. 0. 0. 0. 0. 
1h.IPTEF: 0. 0. 0. 0 . 0. I:I . 
HMMON I A 0. 6.31 0. 100. 0. 1.81 
HYDROGEN SULFIDE 0. 1.21 0. 0. 1 00. 1.05 
CHHP 0. 0. 0. 0. 0. 3 4 . 1  

TOTAL 3.31 16.0 0. 100. 100. :3 9. :3 

HYDROGEN CONSUMPTION- -. 3 5  1 EE- 0 1 L B  HYDROGEN/LB CURL 
-, 71 07 ATOM HYDRSSEN ,'FITDM CARPDN 

HEHT OF REACTION- -. 3 6 3 3  KCHL./'GRRM OF COHL FED 

E F F E C T I V E  CHREON CONVERSION- 3.315 PERCENT 
EFFECTIVE ENERGY EFFICIENCY-  3.708 PERCENT 



RUN 1'10. 2 3 7  SHMPLE NO. E DHTE 3 - 14  - 1 9 7 9  

COHL T'YPE- NEW MEX I CO SUE-E I TUN I NOUS 

KOHL RESIDENCE TIME-MEASURED 0. :SECONDS 
CALl:l-lLATED 4. 030  :SECONDS 

NOMINAL CONDITIONS TOTAL HCCUMULHTED WTS. 
COHL FEED RHTE 1 . 1 2 9  L B l H R  COHL FED 6 5 9 . 7  GERMS 
H'r'DROGEN FLOlJ RATE 1 .080  L E j H R  CHHR :302. 0 ISRHMS 
HYDROGEN VELOCITY - 2 7  1 5  FTNSEC L IGHT  O I L S  0. GRHMS 
FEACTOP TEMP. 7.z ( ~ 0 .  0 DEG C BTX 0 . GRHMS 
PEEHEAT TEMP. :3 0 . 13 0 DEG C !JHTER 0. GRAMS 
HYDFOGEN PRESSURE 2000 .  P S I  

CHFEON 
H'~'llt?flT,FN 
0 :.:'U' 15 EN 
PI ITEOGCPI 
ZULFUF: 
HSH 

CHRBON MONOXIDE 
CHRRON D IOX IDE  
METHANE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLILIENE 
XYLENE 
L IGHT  O I L  
IJHTER 

KOHL HNALYS I S  9 % CHAR ANALYSIS 9 % 
59 .  3 0  I? . 
4. 1:30 0, 
16 .80  0. 
1 ~ 2 3 0  I? . 
. s 1 0 0  0. 
17.66 :3:3. fie 

PRODUCT CONK. I N  % CHRRON CON\). ? MHF COAL CONV. 
GHS9 MOLE .% TO PRODIJCT TO PRODUCT 

TOTHL :s - ,-,. :38 2 4 - 8 5  

TOTAL MHTERIAL BAIANCEt X 

CHRBON H'r'DEOGEN OXYGEN N I TROGEN :SULFUR MAF CORL 

L I12l-lI D:Z '3.19 1 1 . 1:1 0. I? . 0. 7 . 1 8  
H'I.'DP,OIZHRBON lSH:xES 18. 7 8 2 . 9  0. 0. U. 17.7  
C:HF;BON 0:~: IDES I? . 0. 0. 0. 0. 0. 
CJHTER I? . 0. 0. 0. 0. 0. 
HMMON I R 0. 6 . 3 1  0. 100 .  0. 1 . 8 1  
HYDROGEN SULF I D E  0. 1 .21  0. 0. 100.  1 . 05  
CHRR 0. 0. 0. 0. 0. :34. ? 

TOTHL ST. 9 101. 0. 1 go. 100 .  6 1 . 3  

W'I'DROSEI~ C~IlSlJMPT I Qti- . 6 157E- 03 L B  H"I'I)EOGE~{~'L.~ COIyIl. . 1246E-0 1 ATOM HYDROGEN.<'HTOM CARBON 

HEHT O F  REHCTION- -. 4 3 1 9  KCAL..'GRHM OF COAL FED 

EFFECTIVE CARBON CONVERSION- 27 .88  PERCENT 
. a h .  8:3 EFFECTIVE ENERGY E F F I  C JENCY- "' PERCENT 



RlJN NO. 2 3 7  SHMPLE NO. 3 .-- DHTE 3 -14  - 1 9 7 9  

COHL TYPE- NEW MEXICO SUB-BITUMINOUS 

COHL RESIDENCE TIME-MEASURED 0. SECONDS 
CHLCULHTED 6. 0 5 0  :zEi:o~nS 

NOMINHL CONDITIONS TOTAL HCCUMULHTED WTS. 
COHL FEED RHTE 1 .129  L B j H R  COAL FED 6 5 9 . 7  GRHMS 
HYDROGEN FLOW RHTE 1. 080  LB IHR CHAR 3 0 2 . 0  GRAMS 
HYDROGEN VELOCITY .- - . ~ ' i . 1 5  FT/SEC L IGHT  O I L S  0. GRAMS 
RERCTOR TEMP. - ( 5 0 . 0  DEG C BTX 0. GRHMS 
PREHEHT TEMP. 30 .  0 0  DEG C WHTER 0. CiRHMS 
HYDROGEN PRESSURE 2000 .  P S I  

COHL HNRLYSISrZ  CHHR HNHLYSIS92 
CRRRON 59 .30  0 . 
HCi'DROGEN 4. 1 8 0  0. 
OX'yGEN 1 6 . 8 0  0. 
PiITROGEN 1 .230  0. 
:SULFUR .:3100 0. 
H:SH 1 7 . 6 8  3s. 62 

PRODUCT CONC. I N  ? II=HRBON IZONV. 2 MMF COHL ICONV. 
GHSr MOLE 5 TO PRODUCT TO PRODIJCT 

CARBON MONOXIDE 0. 0 . 0. 
CHREON D IOX IDE  0. 0. 0 . 
METHANE 1 .634  15.6'3 15 .09  
ETHYLENE I? . 0. 0. 
ETHHNE . 3 0 4 0  5. :339 5 .265  
BENZENE - 2  0 3  0 11 .71  9. 1 4 1  
TOLUENE . 4  0 00E- 02  . 2 6 9 1  . E l 2 4  
:x:'r'LENE 0. 0. 0. 
L IGHT  O I L  0. 0. 0 . 
l>.lHTER I? . 0 . 0. 

TOTHL 313. 5 I? 29 .71  

TOTAL MATERIAL EfILfIriCE~ 2 

CRRBON HYDROGEN OXYGEN NITROGEN SULFUR MAF COHL 

L IO l J IDS  12 .0  14 .3  0. 0. 0. 9.:35 
HYDROCARBON GRSES 2 1 . 5  95 .5  0. 0. 0. 2 0 . 4  
CHFEON OX IDES . 0. 0. 0. 0. I:I . 
UHTEP. n. CI . 0. n. 1-1 . n . 
HMMONIA 0. 6 - 3 1  0 . ! 00. 0 . 1.81  
HYDROGEN SIJLF I DE 0. 1.21 0. 0 . 100.  1 . 0 5  ,, 

CHHR 0. 0. 0. 0. 0. :>.+.I 

TOTAL 3 3 . 5  117.  0. 100.  100.  6 6 . 7  

HYDROGEN CONSUMPTION- .7257E-02  L B  H'i'DROGEN.,'LE CURL . 1 4 6 9  HTON HPDROGEN~ATOW CRRBON 

HEAT OF PEHCT ION-  -. 4 3 4 5  KCHLIGEAM OF COHL FED 

E F F E C T I V E  CHREON CONVERS I ON- 3 3 . 5 0  PERCENT 
EFFECTIVE ENERGY EFFICIENCY- 44 .19  PERCENT 



PiOM I HAL. C:OND I T I ON:? TOTHL AC:lZIJPlI-ILHTED WT:T. 
CURL FEED RATE 1,. 1 2 9  L B ..>. H S:OAL FED 6 5 4 . 7  GRAMS 
HYDROGEN FLOlrl RHTE 1. 08[1 L B  ...' HR CHAR : 3 0 E .  O I:RAM:S 
HYDROGEN VELOCITY . 2 7 1 5  FT.,..:SEC L II:HT OIL:: I:I . 1:RAp1:5 
REHC:TOR TEPIP. 7511. O D E I ~  I: BT); 0. 13 R.H p1 :S 
PREHEHT TEMP. :30. O O  DEG C lr! ATER 0. GRHP1:S 
H'(DRnGE1.4 PRE:S:Z:URE 2 0 0 0 .  p:: I 

CHRBOPI PIONOX! DE 
CHRFON D I nX I DE 
METHANE 
ETH'.i' LENE 
ETHH1.dE 
BENZENE 
TOLUEPiE 
X'i'LENE 
L IGHT  O I L  
IrIHTER 

PRODUCT CGt.iC:. :.; CRRBON CON?. 2 MHI- CUHL cUNV. 
ISFI :~~ t4IJL.E % TO PRODUCT TO PF!ODUC:T 

TOTHL .>.I, 
.-'L. 0 1 3 ,=, r, c 

L '_. . L .-I 

TOTHL EATER I HL EHLHNCE 7 .? 

TOTHL :3z. [I II:~. n. 100.  1 [I (1 . ~ , 5 .  0 

H'.i'DRnr3EIJ CON:TI-IPlPT 1 BPI- . 5 4 4  1 E- 02 L B  H'YDROr;EN,..'LB I:OAL 
1 1 I : I l  HTOM HYDROGEN.."HTOM CHF:EOPi 

HEHT O F  f?EHCT?ON- -. 4 3 1 2  b.:.:CAL....'GF:Htl OF KOHL FED 

EFFECT I'dE CflEIBUN IX~NV€I?S I ON- .32. 13 1 FER1:EtlT 
EFFEIZT I'-,jE ENERI;'~ EFF I C: I ENCY- 45  L. 4:3 PERC:ENT 



RClN NO. 2 3 8  SHMPLE NO. ! DATE 3 -!5 - 1 9 7 9  

IZOHL T 'l'PE- NEIA MEXICO I:UB-E I TUM !NOUS 

COHL RESIDENCE TIME-MEASIJEED 0. SECONDS 
CHLCIJLHTED ! .740 :SECONDS 

rioM INHL CONDI TIONS TOTAL RCCUMULATED UTS. 
COHL FEED FATE !. 0 7 0  LB.."HR COAL FED 606 .  0 GRHMS 
HYDROOEN FLOkJ ERTE . 0:3 0 LB/HR CHHR :3 0E.. -3 GRAMS 
HYDROGEN VELOCITY . :345:3 FT/SEC L IGHT  O I L S  0. SRAM:; 
REHCTOR TEMP. 750 .  0 DEG C BTX 0. GRHMS 
PREHEHT TEMP. 3 I] . I] 0 DEG C MHTER 0. I~RHMS 
H':'DROS,EN PFESSURE !500.  p:s I 

CHREON 
H':'DROGEN 
O:S:YI~EN 
NITROGEN 
:SULFUR 
H:; H 

CHREON MONOX I DE 
CARBON D I  OX I DE 
METHHNE 
ETHYLENE 
ET HHNE 
BENZENE 
TOLUENE 
X':' LENE 
L IGHT O I L  
I;JHTER 

COHL' HNRLYSIS92 CHHF HNHLYSISI % 
5 9 . 3 0  6. 
4.!80 0. 
!E..%O 0. 
1 .230  0. 
.:3!00 0. 
17 .68  3.1 .  9! 

PRODUCT CONE. I N  Z CAREON CONV. :: WAF COHL CONV. 
GHS9 MOLE % TO PRODIJCT TO PRODIJCT 

TOTAL 3. 08.1 2. 8:39 

TOTHL MATERIAL BRLANCE, % 

CARBON 

L I O U I D S  .=, ., 3 . L.-IL 

HYDROCARBON GASES 2 . 8 5  
CHREON OXIDES 0. 
1:JHTER 0 . 
HMMON I A 0. 
HYDROGEN SULFIDE 0. 
CHHR 0. 

HYDROGEN OXYGEN NITROGEN SULFUR MHF COAL 

TOTAL 3. 08  20 .7  0. ! 00. ! 00. 4 5 . 8  

HYDROSEN CONSUMPTION- -.3:3!7E-01 L B  H"ROGEN/LB COAL 
-.67!! HTOM HYDI?OGEN./HTOM CARHBN 

HEAT O F  REACTION- -. 3 7 3 5  KCAL.IGRAM OF COAL FED 

E F F E C T I V E  CHRBON CONVERSION- 3 .054  PERCENT 
EFFECTIVE ENERGY EFFICIENCY-  4 .550  PERCENT 



RIJN NO. 2 3 3  SAMPLE NO. E DHTE :3 - 1 5  - 1 9 7 9  

COHL TYPE- NELI MEXI CO SUE-RITUMINOUS 

COAL RESIDENCE TIME-MEASURED 0. SECONDS 
CHLCULHTED :3. 4 8 0  :SECONDS 

NOMINHL CONDITIONS TOTHL HCCUMULATED UTS. 
COHL FEED RHTE 1. 070  LBfHR COHL FED 6 0 6 .  0 GRAMS 
HYDROGEN FLOLI RHTE 1 . 133 0 LBIHR CHHR 306 .  9 SRRMS 
HYDROGEN VELOCITY . 3 4 5 3  FT ISEC L IGHT  O I L S  13 . GRHMS 
REHCTOF! TEMP. 7 5 0 . 0  DEG C RT:.: 0. GEWMS 
PREHEAT TEMP. :: 0 . I] 0 DES C MHTEF! 0. GRHNS 
HYDROGEN PRESSURE 1500.  P S I  

CHRRON 
H':'DROSEN 
OX'r'GFN 
N ?  TRnIiFN 
:y:l I1 F l  IF 
H:SH 

CHRBON MONOX! UE 
CHRBON D IOX IDE  
METHANE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLCIENE 
:.:':'LENE 
L IGHT O I L  
I:IHTEF! 

COAL HNHLYSIST % CHHR HNHLYS! S T 2 
cq .7 -  
4,- J u  0. 
4. 1 8 0  0. 
16 .80  0. 
!.Z>O U. 

.8! Q8 6. 
17 .68  :34. 9 1 

PRODUCT CONC. I N  
GHST MOLE % 

i' MMF I :I IHI. 1-:ONV. 
TO PRODUCT 

TOTHL 24.51 S S . O ~  

TOTAL PIRTER J AL BRLHNCE 9 *.: 

CHRBON HYDROGEN OXYGEN NITROGEN SULFUR MHF COAL 

~ r a y ~ n s  E.. 56 -, i s  qc J 0. 11 . 0. 5 . 1 3  
HYDf?OCARRON SHSES 18 .0  -- 

; 1 . :3 0 . 0. 0. IF,. q 
CHRPON OX IDES  I? . 0. 0 . 0. 0. 0. 
I.:IHTER 0. 0. 0. 0 . 0 . 0. 
AMMONI H 0. E, . :: 1 0. 1013. 0. 1.:31 
HYDROGEN SULFIDE n. !. ?I 12 . 0 . ! no. 1.05 
CHHF: [I . 0. 0. 0 . 0 . 4 0 . 0  

TOTHL 24.5 .. ...I . .I 0. 100.  1 00. 64. '3 03.:. .-. 

Hm.:nE:.lOI5Er+ ~ot{:T~li.IpT !Of+- -. 98 Od)E.  132 LJ.l I.I':'UHUhEN,/LB CURL 
- c .- - . .-sb i.4E- O !  HTOM HYDPOGEN/HTOM I33REON 

HEAT O F  PEHCTION- -. 4 3 4 6  KCHLIGRHM OF COAL FED 

EFFECT I VE CARBON CONVERSION- 2 4 . 5 1  PERCENT 
EFFECT I VE ENERGY EFF! C IENCP- 32 .48  PERCENT 



~ ~ r i  NO. 238 SHMPLE NO. ._* .2 DHTE 3 - 15  - 1 9 7 3  

IZOHL TYPE- NEW MEXI CO SUE-EI TCIMINOI-IS 

COAL RESIDENCE ?!ME-MEASURED 0 . SEIZONDS 
CHLCIJLATED 5 . 2 2 0  :'ECONDS 

PiOMINHL COPiDI T! ONS 
COHL FEED RHTE 
HYDPOGEN FLOU RATE 
HYDROGEN VELOCITY 
FEACTOR TEMP. 
PREHEAT TEMP. 
HYDROGEN PRESSURE 

CHPBON 
H'Y'DRUGEN 
0X':'GEN 
N I  TROGEN 
:SULFUR 
HSH 

CHREON MONOXIDE 
CHREUN D I  OX! DE 
METHHNE 
ETHYLENE 
ETHHNE 
EENZENE 
TOLlJEPiE 
X':'LENE 

. L IGHT  O I L  
MHTER 

1 .070  LB/HR 
1 . 0:3 0 LEfHF? . :3453 FT./:SEC 
7 5 0 . 0  DEG C 
30.  00 DEG C 
!500.  P S I  

COHL HNHLYSISr % 
5 9 . 3 0  
4. 1 8 0  
16 .80  
1.2:30 
. 8 1  0 0  
17 .68  

TUTHL HCCUMULHTED UTS. 
IZURL FED 606 .  0 GRHMS 
IZHHR :3 06. 9 GRHMS 
L IGHT O I L S  0 . GRAMS 
E T :x: I:I . GERMS 
I;JHTER 0 . C.RHMS 

CHHR HNHLYS!Sg% 
0. 
0. 
0. . 
0 . 
0. 
:34. -31 

PRODIJCT CONC. !N ?: CHRRON CONV. % MHF COHL CON1$. 
GHSr MOLE :< TO PRODCICT TO PRODUCT 

TUTHL 23 .  5 3  26 .  :3:3 

TUTRL MATERIAL EHLHNCEs % 

CREEON HYDROGEN OXYGEN NITROGEN SULFUR MAF COAL 

LIOI-I IDS 8 . 2 3  9 . 8 6  0. 0. 0 -  6.113 
HYDROCARRON GASES !9.3 :3-1. 6 0. I:[ . 0. 1 8 . 2  
CHREON OX! DES . 0 3  0. 4 . :3:3 0. 0. 1 - 7 2  
I,:IHTEE 11 . n. n. 0. 0. 0 . 
HMMON I H 0. 6 . 3 1  0. ! 00. 0. 1.:3: 
HYDROGEN :SULFIDE 0. 1 . 21  0 . 0. 1 00. 1 . 0 5  
CHHF 0. 0. 0. 0. 0. 40 .  0 

TOTHL 2 8 . 5  1 I]?. 4.83 ! 00. L 00. 6 9 . 2  

Ha:'DROGEN CONSUMPT ION- .82:3 0E- [1:3 L E  HVDROGEN..*'LE COAL , r r C . . t~h. IF- I]! HTOM H'r'nEnGEN {RTCIM C'HREON 

HEHT OF REHCTION- -. 4 1 8 5  KCHLy'GRAM OF COAL FED 

EFFECTIVE .CAPBUN CONVERSION- 28 .53  PERCENT 
EFFECTIVE ENEPGY EFFICIENCY- 3 6 . 7 5  PERCENT 



PUN NO. 2 3 s  SAMPLE NO. 4 DHTE 3 - 1 5  - 1979 

COHL Tt:'PE- NElrl MEXICO SIJR-E I TIJM INOlJS 

COHL FESIDENCE TIME-MEASURED 0. :SECONDS 
CHLCULHTED 6 .365  SECONDS 

NOMINAL CONDITIONS TOTAL ACCUMULATED MTS. 
COAL FEED SATE ! . 0 7 0  LB.JHF COHL FED 606.  0 SRHMS 
HYDROGEN FLOU SATE ! . 0 3 0  L E j H F  CHHR 3 0 6 . 9  ISRAMS 
HYDROGEN VELOCI TY .:3453 FT/SEC L IGHT  O I L S  0. GRHMS 
FERCTOR TEMP. - ( 5 0 . 0  DEGl: RT:.: 0 . GPAMS 
PREHEAT TEMP. 30.130 DEG C I:JHT ER 0. GRHMS 
H'?DEOGEN PRESSURE !500. P S I  

CURL HNALY:S IS % CHAR HNAL' fSI  S r :,; 
CAFEON 59 .  :3 [I 0. 
H%iDRUGEN 4.180 0 . 
OXYGEN !6,.80 0. 
~ I I T ~ O C C F I  1 .  z3n o . 
::IJLFIJH . S! 00 Urn 
R:SH 17.6s 3-1.31 

PRODCICT CONC. I N  Z CAREON CONV. % MAF COAL CON'). 
GHS r MOLE :: TO PRODUCT TO PRODUCT 

CHRBON MONOXIDE 
CHFBON D IOX IDE  
METHANE 
ETHS:'LENE 
ETHANF 
BENZENE 
TOLlJEPiE 
X':'LENE 
L IGHT D I L  
blATEP 

TOTAL 41 .06  3 5 . 3 7  

TOTAI. MATFR f Al RAb ANCE 9 2 

CARBON HYDROGEN OXYGEN NITROGEN SULFUR MAF COAL 

L I Q U I D S  27 .  0 9 ,*.a '7 . 7 0. 0 . 0. ?I . !  
HYDSOCHSEON GASES 13.2 62 .6  0 . 0 . 0. !2 .7 
CHREON OX IDES . -33 0 0 . 4.37 0. 0. !.56 
IrlHTER 0. U. 0. 8. 0. 0. 
HFFON I A I 1  . 6 . 3 :  1) . : 0 0 . 0. ! -8: 
HYDROGEN SULFIDE O. ! .Z!  IJ . 0. ! Ob. Z.05 
CHHR 0. 0 . 0. 0 . 0. 4 0 . 0  

TOTAL GI!.! ! 04. 4 .  :37 !on. ! 00. 7 8 . 3  

HYDROGEN CONSUMPTION- .!629F-rlP 1 . R  HYDROGENfLB COAL 
.3297E-0! RTOM HVDR0GEN)H ! UPI CHRB'OW 

HEaT OF REACT ION- -. 3 5 0 3  KCAL/GRRM OF COAL FED 

EFFECTIVE CARBON CONVERSION- dl!. 06 PERCENT 
EFFECT I V E  ENERGY EFFICIENCY-  3 8 . 4 8  PERCENT 



El-IPi NO. 239 :SHPlPLE NO. ! 

PiOPl! PiHL COND! T ! OH:% TOTHL ACC:UPlUL HTED I:!TS. 
C:OHL FEED RATE 1 . [II:I~, LE/HE COAL FED E-46. 5 GFHM:Z 
Ha?DROGEN FLOI:! FHTE 1 . 0.1 i l  LE:,,'HE CHHR 37.1 . 5 ,- ISFHMS 
H':DFOI;EN l . : ' ~ ~ ~ ~ :  1 T-? 5 :  02 FT.<':SEC L GHT o I L::: I:I . GFHPI:~ 
FEHCTOR TEMP. 7 .-, C , C. ..J . 111 IIEG C: BT:.: 51 . l:RHM'.T' 
PFEHEHT TEMP. :3 0 . 111 O DEIF C: I:!HTEE 11 . I:EHM:~ 
H':DEOGEN PFE5::ZI.IE:E : 1:100. P:Z I 

l::HEBOP4 PlOP402::I DE 
CHREON 11 I @>.::I DE 
PlETHAHE 
ETH':'LENE 
ETHANE 
F:ENZENE 
TOLCIEPiE 
X'y'LEPiE 
L!ISHT n 1 L  
l,:!FiTEF 

TOTHL 1 .257  ,374 . -. I -. 7 

TOTHL MHTER I A L  BHL HP4CE: % 

L:I;~IJ I D S  !.2%, , ! .5:3 
H'~:IIF:OCHPBOP4 GH:SES 0. [I.. 
l:HPBOPi a::( 1 DE:Z [I . 0. 
I;!HTER 13 . 11 . 
HMMON! H 0. 6 - 3 1  
H'YDROGEN :?CILF!DE 0. !. 2: 
I:HHE 0. 0. 

H'friFIOIGEN COPiSCIPlPTION- -. :!:F:I:~ 0E- 01 L B  H'?rlROGEN..~'LE: CDHL 
- 76 '-0 '3 . 1 - s o  .. HTOM HYDFOlGEN~HTOM CHEBON 

.-, .- HEFIT O F  REHETION- -.;~b!'? k;CHL..s'GRHPl n F  COAL FED 

EFFECT I VE CHFRDN COPj'-:'ER::: I ON- ! . 2 5 7  PERl2ENT 
EFFECT? <!E EP4EElSY EFF ! C ENIT:?- .76!G PERCENT 



PIOH INAL l:ONDITIONS TOTAL. ACl:UPlULATED l;.lT:l. 
COAL FEED PATF ! . 1:106 L B ,.., H F: COAL FED 646.5 !;FHM:S: 
H':'DEOI3EN FL.OI.:! FATE 1. 0610 L B ....' H P . C: H A I? 3 7 . 5 L GERM:? 
Ha:'DF.'OI3EN '*:'ELOC ! TY . c i  .;I A i1.2 _ L FT..,.':SEC: L IGHT  0 IL:z  0. I~PHMS 
F:EHl:TOF: TEMP. 7'"C , c .-I . 0 IIEG I: B T :.:: 0. GEAM:S 

DEG C: l:.IHTEE PF.'EHERT TEPlP. ::: [I . [I [I U. 15 R H PI :!; 
H<:.'DF:OGEN PEE:ZSCIPE ! 01:10. p :I: I 

CAPBOPI PlON05:~! DE 
C:ARE:OI.i DIO::.::TTlF: 
PlETHlit.IE 
ETHYL EPIE 
ETHANE 
RENZENE 
TOLIAENE 
'." '.' L E p( E .'.. , 
L.!GHT O I L  
I:lHTEP 

TOTAL 6 .  9 [lev e, . 1 2 :2 

! UTAL. i-, . ? :3 [I. 9 i l  . : 00. ! 00. .57.5 

.-, ,-,a- H':"DF:OISEI.I CON:1.:I-IPlPT?O~i- . I E !  LB HYDI?Ol;E IJ..... L-B COAL 
- . 5:;: 4 :3 ATOP1 cl':'r~FnlSEN...'H?0Pl lZAl?E:ON 

HEFiT O F  REACT ION- -. :3:36.5 t:C:HL..~'~l;EAPl OF l:OHL FED 

E F F E C T I V E  CFiREON CONVEFS ION- e..  9 Oe, PEEC:EIJT 
EFFEC:? !'dE ENFEG':' EFF 1 C: ! EPIC';'- :3. :3:37 FERCEPIT 



E:UN NO. 2 3 %  :<:AMPLE H0. .I% .-, DATE :!: - 1  - 1 9 7 9  

HOPI! PiRL IZOND! T IONS TOTAL ACCUPlULRTEIr I;)?:<. 
COAL FEED FATE !. O O c n  LB..,.'HF C:OAL FED E, .I c, . 5 ISRAM:;: 
H',:'DPOl:EN FLOI.:I RHTE 1. rJ4Q LB.,'HR IZHHE :37.9. 2 I;RRPl:Z: 
H':'nDE'OEE ',-'EL.OC! T':' . 5: [I? FTLSEC L ! I~HT OIL:z 0. 15FRM:S 
EEACTOF TEMP. 7. PC ,. : .-, . [I DEI; C BTX 111 . I; E.: M 15: 
F'E:EHEAT ?€PIP. :3 [I. O 13 DEG C I;!HTER CI . I;E:AMS 
H':'DF.:OlYFN F'FE:SSCIEE ! 000. p:< 

l:HPE:ON MONClI:: 1 DE 
CAPRUN D?OXIDE 
ElETHRNE 
ETH'Y'LENE 
ETHHNF 
BEPiZEPiE 
TOLIJENE 
VVLENE 
i-, , 

L IGHT  O I L  
!:!HTER 

TOTAL -3. 5 5 9  ,Z' C - ,- 
I, . .-0 I? ? 

I::H/?BON H'y'DEOGEN OX'.:'r5EFi M I  TROGEN SCILFI-IF: WAF COAL 

Hk;'DFO1;Epi I:IJN:S~.IMPT I ON- -. 24:37E- 0 1  L B  H'.'IlEOGEN...'LB COHL 
- . 5 0:3:3 ATOM H'.'DROl5EN.~ATOPl IZHFBOI'i 

HEHT O F  REHCT I ON- - .395 !  ~;,-.AL. . , .. I3FHM - OF COAL FED 

EFFECTIVE CARBON CONVERSION- 9 . 5 5 9  PER1:EPiT 
EFFEIZT I.)E E~~EFI;'J EFF! C: !ENC:'.'- ! 2. 09 PERlZENT 



EUN NO. P:39 SAMPLE FIO. 4 DATE 13 - 2 0  - 4 "7" 
A _. I _. 

!.iOPlIP4HL. COND! ? ! ONS TOTAL ACC:l-IMULRTED I;JT:Z. 
COAL FEED EHTE 1 . [I[IE. L B  ..... HP COAL FED E.46.5 5F:HPl:S 
HYDPCII5EFi FLOl;J PATE ! . 111 4 O LE:/HF: CHHE 3 7 . '3 L GF.'HI.l:Z 
H'y'1IFOIjEI.i '-:'ELOl: I?':' .5 1 132 FT/SEl:: L IGHT 1 L:s 0. GF:HPl:S: 
REHCTOF TEMP. 7 .-. C 

( c .-J . [I DEG C: BTX . GEAt.1:Z 
PFEHEAT TEMP. '3 0 . I:I I:! DEG I: 1:IATEF: . I ~ E A M : ~  
H'.:'rlEOGE PPE:S';-'CIF:E ! 000.  p s  I 

l:HFEON 
H'.?IIPOI;EI.~ 
n:.:'.'l;FN 
PII TROI5EN 
: 1-1 L r 1-1 I? 
A ::: H 

CAPEON MONCIX! DE 
IZHPRON D!O::<IDE 
METHHNE 
ETHS,:'LENF 
ETHHPiE 
BENZENE 
TOLlAEPiE 
X'.:'LENE 
L IGHT  O I L  
I:IATEE 

TOTHL 10 .30  9. !4E, 

TOTHL MHTEE ! HL BHL HNCE r % 

TOTAL 4 ,-I .- . _ . I  4zi 7 0. 101j.  [I [I , h i~ .  5 

HEAT O F  PEHCTION- -. 3 3 5 9  KCHLc'ISFHM OF COAL FED 



RUN NO. 2 4 n  SAMPLE NU. I DATE 3 -21 - 1,379 

COAL TYPE- NEI;) MEXI CO SUB-EITUM! NOI-lS 

COAL RES! DENCE T I  ME-MEASURED 0. :SECONDS 
CALCULHTED 2 . 5 1  0 :SECONDS 

NOMINHL CONDITIONS TOTAL ACCUMULATED IkITS. 
COAL FEED RATE ! . e.49 LB.,'HR COAL FED !026.  GRAMS 
HYDROGEN FLOIJ RATE . 5 0 7 0  LB/HR CHHF 4 2 7 . 0  GRAMS 
HYDROGEN VELOC I TY . ! 2 2 7  FT/SEC L IGHT  O I L S  0. GRAMS 
PEACTOR TEMP. '300. 0 DEG C BTX 0. SEAMS 
PREHEAT TEMP. r .0~1.  a DEG I: I;.IATER 0. GRAMS 
HYDROGEN PPESSCIRE 2500 .  P S I  

CHREON 
HYDROGEN 
0X':'ISEN 
N I TROGEN 
:SULFUR 
ASH 

CARRON MONOXIDE 
CARBON D IOX IDE  
METHANE 
ETHYLENE 
ETHANE 
BENZENE 
TOLlJENE 
XYLENE 
L IGHT  O I L  
IkIATER 

COAL ANALYSIS7 % C:HAR ANALY:ZI S 7 2 
59. :3 [I 0. 
4. 1 8 0  0. 
!6 .30 0. 
1 . 230  0. 
.8! 0 0  0 . 
!7.68, 42 .  <IS 

PRODUCT CONC. I N  
GAS7 MOLE :< 

.4!30 
I1 . 
20.OE. 
0 . 
0. 
.S! 00E-0! 
0. 
0. 
0. 
0 . 

:: CAE:BOH CONV. 
TO PRODUCT 

! . 2 7 3  
I1 . 
6 1  - 9 1  
0. 
0. 
! . 5 0 2  
0. 
0 . 
0. 
0. 

% MAF COAL CONV. 
TO Pf?ODUCT 

TOTAL 6.1. 69 6 2 . 8 9  

TOTAL MATERIAL BALANCE9 % 

CAREON HYDROGEN OXYGEN NITROGEN SULFUR MAF COAL 

LIQI-IIDS ! .50 !. 7 9  0. 0. 0. 1 . 17  
HYDROCAREON GASES 6!.9 295 .  0. 11 . 0 . 5 9 . 6  
CARRON OXIDES 1 . 2 s  0. 6 .  U! 0. 0. 2. ! 5  
l.:.IfiTEf? 0. 0. 0. 0. 11 . 0 . 
AMMONIA 0. 6.:3! 0. ! 00. 0. ! .3! 
HYDROGEN SULFIDE 0. !.2! 0. 0. !no. !.05 
CHAR 0. 0. 0. 0 . 13 . 29.  ! 

TOTAL 64 .7  304 .  6. 0! 100.  100. 9 4 . 8  

HVnROGEN CONSUMPTION- .8532E-0! LR HYDROGEN/LR COAL 
1 .727  ATOM HYURUGEN/H'!UR CHRBUN 

HEAT O F  REHCT ION- -. 7 4 9 9  KCAL./GRAH OF COAL FED 

EFFECTIVE CARRON CONVERSION- 5 5 . 3 7  PERCENT 
EFFECTIVE ENERGY EFFICIENCY- 8 9 . 2 3  PERCENT 



RClN NO. 2 4 0  SAMPLE NO. 2 DATE :3 - 2 1  - 1 3 7 9  

COHL TYPE- NEW MEXICO SUE-HI TUN INOUS 

C:OAL RESIDENCE TIME-MEASURED 0 . SE1:OND.S 
CALCULATED 5 . 0 2 0  SECONDS 

NOMINAL CONDITIONS TOTAL ACCUMULATED WTS. 
COAL FEED RATE 1 .649  LE'HR COAL FED 1026.  GRAMS 
HYDR.OGEN FLOW SATE .5S5 0 LE.,'HR IZHAR 4 2 7 . 0  GRAMS 
HYDROGEN VELOCITY . 1 2 2 7  FTJSEC L IGHT  O I L S  11 . GRAMS 
REACTOR TEMP. 9 11 11 . 0 DEG C: BTX 0. GRAMS 
PREHEAT TEMP. -300. 0 DES I: WATER I:I . ISRAMS 
HYDROGEN PRESSUFE 25110. P S I  

CHRBON MONOXIDE 
CARBON D IOX IDE  
METHANE 
ETHYLENE 
ETHHPiE 
BENZENE 
TOLUENE 
;:.<'('LEN E 
L IGHT  O I L  
WATEF: 

COAL ANHLYS I S  9 % 
5-3. :30 
4 .  1 0 0  
1F,.811 
1.2:30 . :3 1 0 11 
17.F,8 

PRODUCT CQNC. r N  
GH:?, MOLE 7: 

2 I':HH:RITIN T:CINV. 
TO PRODUCT 

2. I'IHF COAL CCIHV. 
TO PRODUCT 

TOTAL 6.3 >L. 78 I 60.:38 

.-, .- L IQI-IIDS . C C ' : ~  . 2 6 6  . 0 . U.  . I 7 4  
H'YDROCARRON ISHSES 6.1 .8 294.  0. 0. 0 . 5 9 . 5  
CHRHOt4 OX IDES - .3 . 4 . ~ 5  0. :3 . .I 1 0. . 1 . 2 2  
IJATEF 0. I! . 0. 0. 0. 0. 
AMWON I A U . 6.131 0 . 100.  0. 1 . 81  
H'i'nFOOEti SClLF I DE 0. 1.21 0. 0. 1110. 1 .05  
I:I I ~ R  0.  0. 1-1 i~ . n. 29.1 

'TOTAL e.2. E; 30P. , i3.41 1011. 100.  92. '3 

H Y D ~ U ~ E N  CnN:TljMPT ION- .8452E- Id 1 L H  H>iDROGEN/ L E  COAL 
1 .710  ATOM HY DROSEN,,'HTOM CARBON 

HEFIT OF REACTION- - .7646  KCAL.,.'ISRAM OF COAL FED 

EFFECT I VE I:AREON C:ONVERS I ON- 5 5 . 5 2  PERCENT 
EFFECTIVE ENERGY EFFICIENCY-  90 .  06 FEECENT 



SAMPLE NO. RUN NO. 2 4 0  :j 

COHL TYPE- NEW MEXICO SUE-BITUMINOUS 

DATE 3 - 2 1  - 1 9 7 9  

COHL RESIDENCE TIME-MEASURED 0 . :SECONDS 
CALCULHTED 7 .530  :SECONDS 

r i o ~  I NAL CONDI T I OHS TOTAL ACCUMULRTED WTS. 
CURL FEED RATE 1 .649  LBfHR COAL FED 1 026.  GRAMS 
HYDROGEN FLOW RATE , 5 5 5  0 L W H R  CHHR 4" L I .  O GRHMS 
HYDROGEN VELOCITY . I 2 2 7  FT.,,'SEC L IGHT  O I L S  11 . GRAMS 
REHCTOR TEMP. ,900. 0 DEG C RTX 0. GRAMS 
FREHEAT TEMP. 900 .  0 DEG C WHTER 0. !:RAMS 
HYDROGEN PRESSURE 2500.  FS I 

1:HREON 
HYDROGEN 
OX'.(l:EN 
N I  TROSEN 
:SULFUR 
H:SH 

CHRBON MONO% I DE 
CHRBON D IOX IDE  
METHHNE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLCIENE 
%'(LEN€ 
L IGHT  O I L  
WATER 

CURL HNHL YS 1 .S i 2 CHHR ANHLY.T I S I 2 
5 9 . 3 0  I? . 
4 .180  0. 
16 .80  0. 
1 . 230  0. 
. 8 1 0 0  0. 
17.  6 8  42 .  4:s 

FRODClCT CONC. I N  % I:ARBON CONV, '/. MRF COHL CONV. 
I~HSI PIOLE ;' TO PRODI-ICT TO PRODUCT 

TOTAL 67 .91  6 7 . 1 7  

TOTAL MATERIAL BHLHNCE, % 

CHFRUN HYDROGEN OXYGEN 

LI I I !UIDS .609E-01  .725E-01  0. 
HYDROCARBON GASES 6 5 . 3  311 .  0 . 
CARBON OX IDES  2 . 5 7  0. 12 .1  
IJJATER 11 . 0. n. 
HMMON I A 0. 6.. 3 1  U. 
HYDROGEN SULF I DE 0. 1 .21  I? . 
CHHR 0 . 0 . 0 . 

! 

NITROGEN SULFl-IR 

0. I? . 
0. 0. 
0 . 0. 
I? . 0. 
100 .  0 . 
0 . 1 on. 
I? . 0. 

MHF S:OHL 

HYDROGEN CONSUMPTION- .9129E-  0 1 L B  H'i'DF.'OtiEN.-'LB COHL ' 

1 .847  HTOM HYDROGEN./.HTOM CRREON 

HEAT OF REACTION- - . 7597  KCAL./liRAM f iF COAL. FED 

E F F E C T I V E  CARBON CONVERSION- 5 9 . 4 4  PERCENT 
EFFECTIVE ENERGY EFFICIENCY- 8 9 . 1 2  PERCENT 



PIJN NO. 2.111 SHMPLE NO. 4 DHT E 3 -" L A - 1 3 7 9  

COHL TYPE- NE(:,I MEXICO SUB-E I TUW! NOUS 

COHL RES! DENCE T I ME-MEASURED 0. SECONDS 
CHLCIJLHTED ! 0. 0.1 :SECONDS 

MOMINHL CONDIT!ONS 
COHL FEED PATE 
H'!DPOGEN FL0k.I RHTE 
HYDROGEN VELOC! TY 
EEACTOE TEMP. 
PREHEAT TEMP. 
HYDROGEN PRESSURE 

0 

CHFBON 
t=i':'DF(06Efi 
OXYI:EN 
Pi ! TROGEN 
.sllLFlJF: 
HSH 

CHREON MONOXIDE 
CHRRON D I O X I D E  
METHANE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLUENE 
X':'LENE 
L!GHT O I L  
I:JHTEF: 

1 .649  LE/HR 
C - 7  . .-0 U r O LEfHR . A 2 2 7  FT,./SEC 

9011.0 UEG I: 
-3 0 [I . 0 DEC; C 
25120. P S I  

COAL ANALYS!Sr % 
5 9 . 3 0  
4. 180 
!En. 8 0  
i.230 . :3! 0 0  
17 .68  

TOTAL HCCUMIJLHTED E?TS,. 
COHL FED ! 026.  
IZHHR <I=-7 L r .  0 
L IGHT  O I L S  0. 
E T Zi' 0. 
I;JHTER 0 . 

CHHR ANALYS ! S 9 yi 
0. 
0 . 
0. 
U. 
0. 

SRHMS 
SRHMS 
GERMS 
GRHMS 
GRHMS 

PRODUCT CONC. I t 4  7 IT'PPHI IN I :I'INV. % MHF CflAI- COFIV. 
MOLE ', TO PRODCICT TO PRODUCT 

CARBON 

TOTAL 7.1. 8.1 7.1. 1 1  

TOTAL MATERIAL BALAtJCEs 'c: 

L!l7lJ'1'DS 0. 
HYDROCHREON GASES 7 1 . 9  
CPFEUN nx  n ~ s  P. 93 
l.:JHTER 0. 
FIMMON? A 0. 
HYnROGEN SlLlLF!DE 0. 
CHHF: n. 

HYDROGEN OXYGEN NITROGEN SULFUR MHF COAL 

TOTHL 7 1 . 8  - .S ! 00. 1 00. ! 06. -. c a . ~  0. ' 3 

4':'DROSEN COPISUWP T : OH , . :1!45 L6: HXlROGEN6fLB COAL 
2. ! 1 4  HTOM HYDROGEN/'ATOM CARBON 

HEAT OF REACTION- -.SO18 KCAL/GRAM OF COAL FED 

E F F E C T I V E  CAREDN CONVERSION- C-0.51 PERCENT 
EFFECTIVE ENERGY EFF!C!ENCY- 90.65 PERCENT 



FUN NO. 2 4 1  :SAMPLE NO. 1 DHTE 3 -22  - 1 4 7 9  

COAL TYPE- NEkl MEX! CO SUB-B! TUN! NOUS 

COAL RESIDENCE TIME-MEASURED 0. SECONDS 
I2ALCULATED 2 .290  :~EICONDS 

NOMINAL CONDITIONS TOTAL ACCUMULATED UTS. 
COAL FEED RATE 1. 0:39 LB/HR COAL FED 6 5 7 . 4  GRAMS 
H?DROGEN FLO1;J RATE q.- . .. ..3 0 0 L B l H R  CHAR 25.1. 0 GERMS 
HYDROGEN VELOCITY . 2 1 5 3  FTXSEC L IGHT  O I L S  0. GR AMS 
REACTOR TEMP. ?no. o DEG 12 XTX 0. GRAMS 
PREHEAT TEMP. 9 0 0 . 0 DEG C !:JATER 0. GRHMS 
HYDFOGEN PRESSLIRE 25 1i0. F S  I 

CHREON 
HYDROGEN 
0X'r'GEN 
N i TFOGEN 
:SULFUR 
ASH 

CARBON MONOXIDE 
CARRON D IOX IDE  
METHANE 
ETHYLENE 
ETHANE 
BENZENE 
TOLUENE 
Xi'LENE 
L IGHT  O I L  
b.l ATER 

COAL ANAL" I S s % CHAR ANALYS I S 7 Y 
58.  :3 0 0. 
4 .180  0. 
16.:313 0. 
1 .230  0. 
.:3100 0. 
1 7 - 6 8  4 5 . 7 6  

PFODUC? CONC. I N  % CRRBON ~ N V .  :; MAF CUAL CONY. - - I ~ t i S r  MOLE X TO PRODUCT TO PRODUCT 

TOTAL . 66.43 63 .31  

TOTAL MATERIAL BALANCES % 

CARRON HYDROGEN OXYGEN NITROGEN SULFUR MAF COAL 

L I Q U I D S  3 .35  3 . 9 8  0. 0. 0. 2 . 6 1  
HYDROCAREON GASES 63. ! 300.  0. 0. 0. 6 0 . 7  
CAREON OXIDES 0. 0. 0. 0.. 0 . 0. 
ItIATEF! 0. ~ Q -  0. 0. 0. 0. 
AMMON I A 0. 6..31 0. 100. 0. 1 .21  
HYDROGEN SULF I DE 0. 1 .21  0. 0. 1 00. 1.05 
CHAR 0. 0. 0. 0. 0. 25 .5  

TOTAL 66.4 3 12. 0. IOU. 1 00. '31.6 

H':'DBOGEN CONSLIMP? ION- .8855E- 01 L E  H?DROGEN/LR COAL 
1 .792  RTOM HYDPOGEN./ATOM CRPPON 

HEAT OF REACTION- -.7704 KCAL/GRAN OF COAL FED 

E F F E C T I V E  CARBON CON'VrERSION- 59 .13  PERCENT 
EFFECTIVE ENERGY EFFICIENCY- ,913.66 PERCENT 



PUP{ PiO. 2 4 1  - .>.HMPLE NO. .=. 
L 

DATE 13 - 2  - 1-37-3 

NOM ! NAL CORD! T I ON.?: TOTAL HCC:IJPlULATED 1;IT:S:. 
C:ORL FEED RRTE 1 . [1:3'3 LB.."HR C:OHL FED 657.  il GEHM:: 
HYDEOGEN FLOI.:.I EATE . cc .. .=# .-.b .- I) - LB.,.'HE CHAR 254 .  [I 13EHpi:z 

.-a 4 c .q FT/:SEC L I I ~ H T  0 I l-15 H':.'DROI?EN ?,EL.OC 1 T';.' . c A .-I .. 1.1 . r;EHpl:S 
FEHCTOE TEMP. '3 0 [I. 0 DEI; C: BTX 0. GEHMS 
PREHEAT TEMP. '3 [I [I . CI DEIF I: , l;!HTEE 0. l3EHI.I:: 
H'.(D,?OGEI.i PRE:S:zUPE ;': 5 [I [I . F':: 1 

l:HRE:ON MOPiflX! DE 
CHFBOPI D ! 0 %  ! DE 
METHAPiE 
ETHa.:'LEPIE 
ETHHNE 
BENZEIiE 
TOLLIENE 
::.::y L E t.4 E 
L!I3HT O I L  
I;IATEP 

TOTHL 72.  ~3.1 - - r IJ . 0 ! 

TOTAL MHTEF!AL BRLRNCEr % 

CApE:nP+ H'.:'DF.:Ol3EI.i O:x:':'GEN H!TF:OGEN :SULFl-IF: PlHF COAL 

H'.;'DF:OI.~EP~ C:DN:SLIplPT! ON- . 1 1357 L B  H':'DPO!FEN.,'LB 1:OHL 
.=, , .=,C( 
L . .-a _. ' ATOM H'?DE'O!3EN ..."ATOI.1 C:HF:E:OH 

HEHT OF REHCTION- -. 8515 KI~:HL.,~'I~EHPI OF COAL FED 

EFFECTIVE CHEBON CONVEFS!OH- 6 0 . 2 2  PERCENT 
EFFEC:? ! !?E EPIEEfi';' EFF: I: I EN1::':'- '- 3::: - . E-'3 PEPlZEN? 



EI-IN NO. e 4 1  SHblPl. F Nn. :3 DATE 3 - 2  - i A -7s -. J _. 

NOMI HAL CONDI T I  ON:? TOTAL HCCLlMl-ILHTED WT:Z. 
COAL FEE11 FATE 1 . 0 5 9  L B i H E  COHL FED 6 5 7 . 4  l;F.:AM:S 
H'.:'DROGEN FLOI;! E:A?E . '3 :3 $ I;! LB..+IR CHAF 25.1. 13 GRHP1:Z; 
H'.:DFOGEN VELOC! T'? .21!59 FT...'ZEE I- I I ~ H T  0 I L:z 0. GFAr.15: 
FEHCTGF TEMP. 9 [I [I . 111 D E I ~  C E:TX 0. 13 I?, H PI::: 
PREHEH? TEMP. ,300. 0 ~ I E G  I: l;!A?EE 0. 13FAw:z 

p:: 1 H'.:'DFr'nl;EN PRE:S:Z!.IEE 2500 .  

l:HFBOPi MOIiOXIISE 
I:HFBON D ID>:! I IE 
IIETHHt4E 
ETH':'LENE 
ETHHNE 
BENZEPiE 
TOLCIENE 
'.">L EpAE 
,2 ; 

L IGHT O!L 
I;Ifi?EF: 

PEODIJC:T CONC. I PI 2 CHRBOPi ~zori':.'. :.; MHF COAL CONV. 
I ~ H S ~  PIOLE :L TO PEODIJCT TO PRODCICT 

TDTAL 9 - ,, :=: . 7 4 75 .  7.' 
i C 

TOTAL PlATER!HL BHLANCE r :.: 

TOTHL - ,-, 
1. c, . 7 .:, ,I. .=, .-. C-~L . [I . 100.  104 .  

HERT O F  RERCTION- -. eS36:3 ECHL..-.GEHM OF COAL FED 

E F F E C T  I VE CRRBON CONVERS 1 ON- Cn 1. 514 PERC:ENT 
EFFEC:? I'7'E ENERG'? EFF T CT ENC':'- -95. 0" FEECENT 



FUki NP. 2rt! SFlPlPLE NO. 4 

CURL FES?  DENCE T IME-MEH:Sl-lE!ED 0. :SECONDS 
1ZHL.C:ULATED 8. '3-3 0 :SEI:OND:S 

HUM I NHL CON11 I T I OP4S TOTHL RCCIJMI-ILATED l;.lT:~. 
COHL FEED FHTE 1 . 13:39 LB,.'HF COHL FED 657. ~1 GRHI.1:: 
H'?DI?OI5EN FL 0lk.l FHTE . 93g, [I LE:/HF CHHI? 2 5 4 .  [I GRHp1:S 
H':'DRO15EPi VE'L OK I ?':' . .=a L i A .- 5 -3 _- FT..,SEC 1- I I ~ H T  q I L S  11 . ljEAt.1S 
PEHCTOF TEMP. 9 [I [I . 0 UEG 12 ETX 0. I~ERMS 
PPEHEAT TEMP. ' -3 !:I 111 . [I DEG IZ WHTER 0. GPAp1:S 
H'(DPOGEPi PRES:S?IRF 25[1O. P:: 

CARBON 
H':'DF-'OGEN 
OX'r'GEN 
IITCOCICPI 

SULFUt? 
HSH 

CHPRON MONOX I IIE 
CARBON [I 1 O X  T DE 
t.1ETHANE 
ETW".FPiF 
ETHHNE 
BENZENE 
TOLUEPiE 
,<':'LENE 
L!FiHT O I L  
!:IH?EF 

~RUI.IUI-: ! I-:UNI_. . 1i.i :.; .:.hR!.8!3ri C:Ot+V. i: Ml-lr COI~IL CONV. 
GH::: 5 M0L.E % TO PRODUCT TO PFO1lUC:T 

79 .  :37 7 .- TOTHL i t.. 3 7  

TOTAL MHTERIAL BALHNCE: 2 

L I RI-I I D:S 0. 0. . 0. . [I . 0. 
HYDFOCHE:BON 1;H:SES 7 9 .  4 378 .  1.1 . D .  0. - (t*. .- 4 
IZAF:T;CIPi 0)::: IIES 51 . 0. 11 . 0. 0. 0. 
I.:IATEG 0. B . IJ . 0 . 0. 0, 
AMMDPi I H 0. 6.31 . [I. ! 00. 0. 1 .:3! 
H':.'~POI;E~I ZI-ILF I DE Id. (1 . U. : [I [I . 1 .  [IS 
CHHR 0. 11 . 0. 0 . 0. 25.5 

H'fDFOl;EN CONSLIMPTI DN- . ! 1-33 L B  H'?DROl;EPi..,'LE I~OHL '  
2..$!5 ATOM HYDROGENFATOM l~HI?EON 

HEAT OF REACTION- -. 9035 rl-.,qL -. ., bFHM OF KOHL FEE! 

E F F E C T I V E  CHRBON CONVEPSION- E.1. I:> PERCENT 
EFFECT I {iE ENEGGY EFF! C !ENCn?- 95. :3 0 PERIZENT 



RCIN NO. 2.12 SAMPLE NO. I DATE 3 - 2 7  - 1 9 7 9  

COAL TYPE- NEW MEXICO SUB-ETTUMTNOUS 

COAL RESIDENCE TIME-MEASURED 0. SECONDS 
I CALCULATED 2.080 SECONDS 

NOMINAL CONnITiONS TOTAL ACCUMULATED WTS. 
COAL FEED RATE -9 085 LB/'HF: COAL FED .J a, 7. 5 GRAMS = - 
HYDROGEN FLOW RATE .853  0 LBJHR CHAR 239.8 GRRRS 
HYDROGEN VELOCITY . 2 5 8  0 FTXSEC LIGHT O I L S  0. GRAMS 
REACTOR TEMP. 900.  0 DEG C BTX 0. GRAMS 
PREHERT TEMP. 900.  0 nEG C WATER 0. GRAMS 
HYDROGEN PRESSURE 2 0 0 0 . P S I  

COAL ANALYSIS7 % CHAR ANALYSIS? % 
CARBON 59 .30  0. 
HYDROGEN 4 .180  0. 
OXYGEN 16.80 0. 
NITROGEN 1.230 0. 
SULFUR .8100  0. 
ASH 17 .68  42.58 

PRonUCT CONC. IN % CARBON CONV. :; MAF COAL CONV. 
GAS? MOLE 2; TO PRODUCT TO PRODUCT 

CARBON MONOXIDE 0. 0. 0. 
CAREON DIOXIDE 0. 0. 0. 
METHANE 4. :35 0 &IS.?! 43.98 
ETH'YLENE 0 . 0. 0. 
ETHANE 0. 0. 0. 
EENZENE . I 2 5 0  7 .078 5 .526 
TOLUENE 0. 0. 0. 
XYLENE 0. 0. 0. 
LIGHT O I L  0. 0. 0. 
WATER 0. 0. 0. 

TOTAL 52.79 49.5! 

TOTAL MATERIAL BALANCE, Y 

CARBON HYDROGEN OXYGEN NITROGEN SIJLFUR MAF COAL 

LI12UIDS 7.08 8 . 4 2  0. 0. 0. 5 .53  
HYDROCRREON GASES 45.7 218. 0. 0. 0. 44. 0 
CARBON OXIDES 0. 0. 0. 0. 0. 0. 
I;JHTER n. 0. 0 .  0. 0. 0 .  
HMMON 1 A 0. 6 .31  0. 100. 0. 1 .81 
H'YDROGEN SULFIDE 0. 1.21 0 . 0. 1 00. 1 .05 
CHAR 0. 0. 0. 0. 0 . 29 .0  

TOTAL 52.5 234. 0. 100. ! 00. 8!.:3 

HYDROGEN CONSUMPTION- .5585E-01 LE HYDROGEN/LB COAL 
1. 1 3 0  ATOM HYDROGEN/ATOM CARBON 

HEHT OF REACTION- - .6276 KCAL/GRAM OF COAL FED 

EFFECTIVE CHREON CONVERS!ON- 52.79 PERCENT 
EFFECTIVE ENERGY EFFICIENCY- 78.47 PERCENT 



ElJN NO. 2 4 2  ZHMPLE NO. 2 DATE 3 - 2 7  - 1 9 7 9  

KOHL TYPE- NEIJ MEXICO SUB-E I TCIM I NOCIS 

COAL RESIDENCE TIME-MEASURED I? . SECONDS 
CALCULATED 4. ! 5 0  SECONDS 

NOM!NHL CONDITIONS 
CURL FEED RHTE 
HYDROGEN FLOW RATE 
HYDROSEN VELOC i TY 
RERCTOR TEMP. 
PREHEAT TEMP. 
HYDROGEN PRESSURE 

CHREON 
HYLIPUI:EN 
OXYGEN 
N T TRnhEN 
?I II FI IF 
HSH 

CARBON MONOXIDE 
CHRBON D I OX I DE 
METHANE 
ETHYLENE 
ETHHNE 
BENZENE 
TOLCIENE 
Xt<LENE 
LZGHT O I L  
1:JHTER 

. 9 128 5 LE/'HR 

. 9 4 1 0  LE IHR 

. 2 5 8 0  FT.'SEC 
3 0 0 . 0  DEG C: 
900 .  0 DEG C 
2000 .  P S I  

TOTAL HCCUMIJLHTED WTS. 
COHL FED 577 .5  GRAMS 
CHAR 2:39. 5 GRHMS 
L IGHT  O I L S  0. GRHMS 
BTX 0. GRHM:S 
IJJHTER 0. GRHMS 

. CHHR HNHLYSIS, % 
0. 
0. 
I:I . 
a. 
0. 
42.518 

PRODUCT CONC. I N  % CARBON CONV. - - % MHF COAL CONV. 
bHS9 MOLE :: TO PRODCICT TO PRODIJCT 

TOTHL 7 3 . 6 5  7 0 . 6 6  

TOTHL MHTERI.RL BRLHNCE, % 

CHRRON 

L I a l J I D S  1 .25  
HYDROCHRBON GHSES 72 .4  
CHRRON OX! DES 0. 
IrlHTEF! Sl . 
HMMON!H 0.. 
H-Y-DROGEN SIJLFIDE n. 
IZHHR 0 . 

HYDROGEN OXYGEN NITROGEN MHF COHL - 
. 9 7 5  
6.9 . 7 
0. 
I:I . 
1 - 8 1  
I. 0 5  
29.0 

#"l'nEOI;EN CONf UMPTIOW- 1 rlf,i L R HYDROSEN*.'LB COPL 
2. 1.18 HTOM HYDPOGEN/RTOM CARRON 

HEHT OF REACTION- -.:3477 KCHL.,.~GRAM OF COAL FED 

EFFECT IVE-  CRREON CONVERS!ON- 6 0 . 3 4  PERCENT 
EFFFCT TVE ENERGY E F F I C  IENCY- 9 3 . 5 2  PERIZENT 



RIJN NO. 2 4 2  SAMPLE NO. 3 DATE 3 - 2 7  - i 9 7 9  

COAL TYPE- NEW MEXICO SUE-BITUMINOUS 

KOHL RESIDENCE TIME-MEnSURED 0. SECONDS 
CALCULATED 6 . 2 3 0  SECONDS 

NOM I NAL COND I T I  ONS TOTAL ACCUMULATED WTS. 
COAL FEED PATE - 3  0S5 LEfHR COAL FED 5 7 7 . 5  ISRAMS 
HYDFOGEN FLOU RATE - 9 3 2  0 LB/HR CHAR 2 3 9 . 8  GRAMS 
H'f'DROGEN VELOCITY . 2 5 8 0  FT/SEC L IGHT  O I L S  0. GERMS 
REACTOR TEMP. 9130.0 DEG C BTX 0. GRAMS 
PREHEAT TEMP. 9 0 0 . 0  DEG C LJATER 0. ISRAMS 
HYDROGEN PPESSUPE 2000 .  P S I  

CAREON 
HYDROGEN 
OX?'GEN 
N! T ROGEH 
::I-ILFI-IF! 
ASH 

CARBON MONOXIDE 
CARBON D IOX IDE  
METHANE 
ETH'i'LENE 
ETHANE 
BENZENE 
TOLUENE 
><'r'LENE 
L IGHT  O I L  
I;IATER 

COAL HNALYSIS7Z CHAR ANALYSIS 9 % 
59 .30  0. 
4. 5 8 0  0. 
56 .80  0. 
1 .230  0 . 
. EI! 00  0. 
!7 .68 4 2 . 5 8  

PRODUCT CONC. I N  Y CARRON CONV. >; MAF COAL CONV. 
SAS r MOLE % TO PRODUCT TD PRODUCT 

0. 0. 0. 
0 . 0. 0. 
6 . 5 2 5  6 7 . 2 0  6 4 . 6 5  
0 . 0. 0. 
0. 0. 0 . 
- 1 1  50E-01  .7: ( 5  . 5 5 5 5  
0 . 0 . 0. 
0. 0. 0. 
0. 0. 0. 
0 . 0 . 0. 

TOTAL 6 7 . 9 1  6 5 . 2 1  

TOTAL MATERIAL BALANCE7 % 

CARRON HYDROGEN OXYGEN NITROGEN SULFUR WAF COAL 

L IOLI IDS .7! 1 . :+I7 0. 0 . 0 . . 5 5 5  
HYDROCARBON SASES 67 .2  32 0. 0. 0. 0. 6 4 . 7  
IZARRON OXIDES 0. 0. 0. 0. 0. 0. 
LIATFR n. n. 0. 0. I l  . 0. 
AMMON I A 0. 6 - 3 1  0 . 100. 0. 1 . 8 1  
HYDROGEN SULF ! DE 0. 1 . 21  0. 0. 100 .  1. 0 5  
CHAR 0. 0. 0. 0. 0. 29. 0 

TOTAL 6 7 . 9  .JC+. 0. r no. r 00. 97 .  0 .-, .-. -, 

HYDROGEN CONSLIMPTION- .9544E-01  L E  HYDROGEN/LB COAL 
i . 9 3 1  ATOM HYDl?OGEN/'ATON CARBON 

HEHT OF REHCTION- - . e l 2 7  KCAL/GRAM OF COAL FED 

E F F E C T I V E  CARBON CONVERSION- 5 9 . 4 4  PERCENT 
EFFECTIVE ENERGY EFFICIENCY- 9 2 . 3 2  PERCENT 



RIJN NO. 2 4 2  SAMPLE NO. 4 

COHL TYPE- NEU MEXICO SUB-BITUMINOUS 

DATE 3 - 2 7  - !979 

COAL RESIDENCE TIME-MEASURED 0. :SECONDS 
IZHLCULATED 8 .295  :SECONDS 

NOMINAL CONDITIONS TOTAL ACCUMULATED WTS . 
COAL FEED RATE . '3 05 5 LB/HP C:OAL FED 577 .5  GRAMS 
HYDROGEN FLObJ RATE . 8 5 3  0 LB/'HR CHAR 239.:3 GRAMS 
HYDROGEN VELOC?TY . 2 5 8  0 FT/.SEC L IGHT  O I L S  0. GRAMS 
REACTOP TEMP. ,300. 0 UEG C ETX 0. GRAMS 
PREHEAT TEMP. 900.  0 KIEG C: WATER 0 . GRAMS 
HYDROGEN PRESSUPE 2 000'. P S I  

CARBON 
HYDPOGEN 
OXYGEN 
t i 1  TROGEH 
XULt CII? 
H?iH 

CAPRON MONOX I DE 
CARRON D I O X I D E  
METHANE 
ETHS?'LENE 
ETHANE 
EENZENE 
TOLUENE 
::<':'LENE 
L IGHT O I L  
MATER 

COAL ANHLYS?Sy% CHAR ANALYSIS,% 
59.:30 0. 
4 .180 0. 
1 6 . 8 0  0. 
1 .230  0. 
- 8 1  00  0. 
17.68 ,Is. 5 s  

PRODUCT CBNC. I N  :,; . CHREON CnNV. % MAF CURL CONV. 
I;HS, MULE % , ! ir PRBD~JI;? , FU PRUbCle? 

.4400E-0! .4!57 . 6 9 8 3  
0. 0. 0. 
7 .440  70 .13  6 7 . 4 7  
0. 0. 0. 
0. 0. 0. . :3 0 0 0E- 02 .45:30 . :3537 
0. 0. 0 . 
0. 0. 0. 
0. I:I . 0. 
0. 0. 0. 

TOTAL 70 .99  G8.52 

TU'I HL P'IH l t K l H L  j3HLANCEp >. 

CARBON HYDROGEN OXYGEN NITROGEN SULFUR MAF COAL 

I- I BCI I DS ,453 . 5 3 9  0. 0. 0. .:354 
HYDROCARBON GASES 7 0 . 1  7 - 3.34. 0. 0. 0. 67 .5  
CARRON OX IDES  - 4 1 6  0. 1.95  0. 0. .En98 
WATER n. 11 . 0. 0. 0. n. 
WMMON I A 11 . 6 .31  I:I . 1 0 0 . 11 . 1.81 
HYDROGEN SULFIDE e .  1 .P I  n. 0. 100 ,  1.05 
CHAR 0. 0. I? . 0. 0. 5 9 . 0  

TOTAL - ( 1 . 0  342.  !.95 100. 100 .  1 00. 

H'tDROGEN CONSI-IMPT I ON- - 1  0 1 1 L B  HYDROGEN/LR COAL 
2 .047  m?OM HYDE0GEH~'FITUPl CRRBON 

HEAT O F  REACTION- - .a281 KCRL/GRAN OF COAL FED 

' EFFECTIVE CARBON CUNVERS ION- 59 .93  PERCENT 
EFFECT I VE ENERGY EFF 1 C ! ENCY- '32.68 PERCENT 



I X A L  T'r'F'E- HEM IIEX I CO :SUB B I TUIII NOUS 

COAL RESIDENCE TIME-MEASURED 0. SECONDS 
CALCULATED 1.593 SECONDS 

NOMINAL CONDITIONS TOTAL ACCUMULATED WTS. 
COAL FEED PATE !. 020 LB/HR COAL FED 532.6 GRAMS 
HYDPOGEN FLOW RATE :3800 LE/HR CHAR 181.2 GRAMS 
HYDROGEN VELOCITY -565 1 FT/GEC LIGHT O I L S  0. GRAMS 
FEHCTOR TEMP. 900.0 DEG C BTX 0. ' GRAMS 
PREHEAT TEMP. 900. 0 DEG C CJATER 0. GRAMS 
H'r'DROGEN PRESSURE 1000. P S I  

CAFBON 
HYDROGEN 
OXYGEN 
NITROGEN 
:SlJLFIJR 
ASH 

CARBON MONOXIDE 
CARBON D I OX! DE 
METHANE 
ETH'ILENE 
ETHHNE 
EENZENE 
TOLUENE 
XYLENE 
LIGHT O I L  
WATEF! 

COAL ANALYS I S  9 % CHAR ANALYSIS I % 
59.30 0. 
4.180 0. 
16.80 0. 
1.230 0. . S100 0. 
17.68 51.97 

PRODUCT CONC. I N  % CAREOH CON'd. % MAF COAL CONV. 
15A:Sy MOLE % TO PRODUCT TO PRODUCT 

TOTAL 30. -12 27.83 

TOTAL MATERIAL EHLANCEI. % 

CARBON HYDROGEN OXYl5EN NITROGEN SULFUR MAF COAL 

LIUClIDS 7.94 9. -15 0. 0. 0. 6-20 
HYDROCAREON GASES 22.5 1 0.7. 0. 0. 0. 21.6 
CARBON OX IDES 0. 0. 0. 0. 0. 0. 
~ ~ ~ A T E R  0. 0. n. 0, 0. . Q. 
AMMUN P t? 0. 6.:31 0. 100. 0. 1.81 
H'r'DROGEN SULFIDE 0. 1.21 0. 0. 100. 1.05 
CHAR 0. 0. 0. 0. 0. 19.9 

J 

TOTAL 30.4 ! 24. 0. 1 00. 100. 50.5 

HYDROGEN CONSUMPTION- -1004E-01 L E  HYDROGEN/LB COAL 
.20:32 ATOM HYDROSEN/ATQM CARBON 

HEAT OF REACTION- -.4568 KCHL/GRAN OF COAL FED 

EFFECTIVE CARBON CONVERSION- 30.42 PERCENT 
EFFECTIVE ENEPGY EFFICIENCY- 43.14 PERCENT 



IZOAL Ta:'PE- NEU MEXICO :SUB R I TI-IN INiJUS 

COAL RESIDENCE TIME-MEASURED 0. SECONDS 
CALCULATED 3.!86 SECONDS 

NUN! NHL CONDI T IONS TOTAL ACCUMULATED UTS. 
COAL FEED PHTE !. 020 LR/HR COAL FED 5132.6 GERMS 
HYDPOSEN FLOLJ EHTE . 9 ~ 0 0  LB/HR CHAR !8!.2 I~EAMS 
H'r'DROI3EN VELOC I ?'I .565!  FT/SEC LIGHT OILS  0. GRAMS 
EEACTOR TEMP. 900.  0 DEG C ETX 0. GRAMS 
PEEHEHT TEMP. ,300. o DEG c I;JATER 0. GRAMS 
HYDROGEN PRESSURE ! 000. PS I 

CAFHON MUNUX I DE 
CAPRUN DIOXIDE 
ME? HANE 
ETH'JLENE 
ETHANE 
BENZENE 
TULIJENE 
><!'LENE 
LIGHT O I L  
I;JATER 

COAL ANALYSIS9 % CHAR ANHLYSISsY 
59.30 0. 
4.  !80  0. 
16.80 0. 
i s 2 3 0  0. . P,! 00 0. 
17 .68  51 s'37 

FFODCICT COPIC. I N  X CHRBON CON'd. % MAF COW. CONV. 
13HSr MOLE Y TO PPULlClC ! !'il PRODUCT 

TOTAL 53.46 . 50 .18 

CARBON HYDROSEN UXYSEN NITROSEN SULFUR MHF COAL 

L!Ol-IID:S 6.96 %. 28 0. 0. 0. 5 .43  
HYDI?OCARRUN GASES 46.5 22:. 0. 0. 0. 44 .7  
CARRON OX! DES 0. 0. 0. 0. 0. 0. 
1;JATER 0. 0. 0. 0. 0. 0. 
AMMUNI A 0. 6.3: 0. ! 00. 0. 1.81 
H'r'nROGEN :Sl-ILFIDE 0. I.?! 0. 0. ! 00. 1.05 
I:HHR 0. 0. 0. 0. 0. 19.9 

TOTML 5:3..5 237. 0, ! 00. ! 00. 72.9 

H':'DPOSEN CON 3UWV l l ON- .S737%-91 LE HYnl?fl l~TN~'LE COAL 
!.!6! ATOM HYDROGEN/HTDM CAPRON 

HEAT OF REACTION- -.633? ECAL/GRAM OF COAL FED 

EFFECT I VE CHFEON CUNVERS! ON- 53 .46  PERCENT 
EFFECTIVE ENEPS" FFFTC!ENCY- 79.59 PERCENT 



RUN NO. ?4:3 'SAMPLE NO. :3 

I ~ O A L  'T'fPE- NEI;J ME# ! CU :SUB B ! TUN! NUIJS 

COAL RES! DENCE T 1 ME-MEH:~;I-lRED 0. :ZECOF{D:S 
OALl:ULflTEI1 4 . 8 0 0  :ZECOND:: 

NUN! NHL l:OND! 'T! ON:: TOTAL HCCUMIJLATED IJTS. 
COAL FEED EHTE !.020 LS.,.'HI? COAL FED 532 .  6 GRAMS 
HYDROGEN FLOlil FHTE ,q .> . , . ,  0 0 LB./HR ICHAR !':3 1 . 2 1:F:AM:S 
HYDPOGEN 'jELOC! TY .565!  FT.s':SEC L IGHT  O I L S  0. 13RAMS 
REACTOR TEMP. -3 0 (I. 0 DEG C PIT)[ 0 . GRAM:?. 
PREHEAT TEMP. ,300. 0 DEG C . I;JA'TER 0. ISRAM:S 
HS:'DROc;EN PRE:S:SCIFE 1 000.  F:S ! 

I33REON 
Ha:'DROGEN 
O:<':'GEPi 
NITROGEN 
:SULFUR 
APH 

CHRBON MONOX ! DE 
CHRBON D! OX ! DE 
METHANE 
ETH':'LENE 
ETHHNE 
BENZENE 
TOLIJENE 
X'y'LENE 
L!GHT O I L  
I;JATER 

COAL ANAL'f:S 1:s 9 % CHHR ANALYS! P 9 % 
5 9 . 3 0  0. 
61.  1 8 0  0. 
1 6 - 8 0  0. 
! .?:SO 0 . 
. :31 0 0  11 . 
17.6:3 51.37 

PRODUCT CONC. 
GAS3 MOLE 2 

I N  % CAREON CONV. 
TO PEODUIZT 

% MAF COAL CONV. 
TO PRODUCT 

TOTAL 5:s. 7 6  5(1. 7 5  

TOTAL MHTERIHL EALANCE, % 

L ! 131-1 ! D:S 5 .  :39 6. 0. 
H'r'DROCARBUN GA:SE:S 48.4 2:3 0. 0. 
CARBON OX! DES 0 . 0. 0. 
I;IH'TER 0. 0. 0. 
I;rMPlUtJ! 13 0. 6 . 3 :  I4 . 
Ha:'DRO15EN :SULF! DE 0. I.?! 0. 
I:HHt? 0. 0. 0. 

NITROGEN :SCILFUR MHF IZOHL 

TOTAL 53.8 244.  0. ! 00. ! 00. 7 ., 
i .2.5 

H'r'DROGEPi CON:SIJMPT ION- . 6-03 0E- 0 1 L B  HYDROGENYLR COAL 
1 .220  ATOM HYDROGEN.JHTOM CHRBON 

HEBT OF REHCTION- -. 6 5 4 9  KCAL.,*GRHM OF COAL FED 

EF FEOT I V E  CREEON CONVERS I ON- 53 .76  PERCENT 
EFFEIZT!irE ENERG'.? EFF!I:!ENI:'.?- 80.  9 0  PERCENT 



FIJN NO. 24:3 :SHMPLE NO. 4  DATE :3 - 2  - !9'73 

TYPE- NELI MEXICO SUB E! TIJM! NOIJS 

COAL RES! DENCE TIME-MEH:SUFED 0. ::ECOND:S 
CHLCCILHTED 6. 3 7 3  :SECONn:S 

NOMINAL CONDIT!ON:S 
COHL FEED RHTE 
HYDROSEN FLOt l  PHTE 
HYDROGEN VELOC!TY 
FEACTOP TEMP. 
PFEHEHT TEMP. 
H':'DROGEN PRE:SSCIRE 

TOTHL HCCUMILILHTED LJTS. 
COHL FED 5:32.6 GRAMS 
CHAR ! :31.  2 GRHM:S 
L !GHT OIL:S 0. GRHMS 
B T I-; 11 . GRHM:S 
WHTEI? 0 . I ~ ~ A M S  

F'RODI-II:T COPtIZ. ! N :< CHREON CON1$. 7.2 MAF COHL CONV. 
I~A:S, m d i E  % TO PRUKIIJC ! '! u PGUUI-IC"? 

CHRRON MONOX! DE 
CHREON D IOX IDE  
PIETHANE 
ETH'/LENE 
ETHHNE 
EENZENE 
TOLUENE 
X'y'LENE 
L IGHT O I L  
1;JHTER 

TOTHL 5 6 . 5 6  5 4 . 5 9  

L!QCI!D~ 4.5:3 
H?DROCHRBON GASES 5 0.6 
CHRBON OX! DES 1  . 3'3 
I;.lATEf? !1 . 
AMMON ! H <I. , 
H'~'frl?DGEti :SULF! DE 0. 
CHAR 0 . 

HYDROGEN OXYGEN N ! TROGEN SULFUR MHF COAL 

TOTHL 56.. 6. 254 .  6 .55  1  00. 1  00. 77. :3 

H'T'DEOSEN IZONSUMPTTON- . %.43!E-n! I F: H'r'nRfl&EH./LP COHL 
! . s o !  HTDM HYDRUGEN./HTOM CHFHUN 

HEHT QF REHCT!ON- -.65!8 KCHL./SRRM OF CURL FED 

E F F E C T I V E  CHRBON CON1dERS!OH- 56.56 PERCENT 
E F F E C T I V E  ENEPGY EFF IC IEHCY-  83.53 PERCENT 



RUN NO. 2.14 .:SFIPlPLE NO. 1 DH'TE <I -9 . . - ! 9 7 9  

PIDM I NHL CDND I T ION::: TDTHL HII:C~-I~ULF~TED l.:!T:z. 
COAL FEED FATE . 0:s O LE..*'HF: CURL FED cT-  -0 i i. . 7 GRHM:Z 
HYDROSEN FLOl:I RHTE . q.2- .. ,.. i- 1.1 - LB..'HR 1:HAR 2.19. 0 I3RAM:S 
HL'TIF:OI~EN 'jELOC! ?:I . F T  ...'SEC L !I?HT OIL::: {:I . IFC.AM:S 
REACTOR TEMP. 77c i t .J . [I DEG I: BTX 0. bc!HII:S -- 
PREHERT TEPIF. .3 (I . O [I DEG I: WHTER 0. 1jRHM:S 
H'7'DEOl:EN PRESSI-IRE 2 11 (I 0 . p~ I 

CHRBON MONOX I DE 
CHEBOIJ D IOX IDE  
PlETHHPiE 
ETHa:'LENE 
ETHAIIE 
BENZENE 
TOLI-IENE 
:>< 't'L E Pi E 
L IGHT  fl!L 
I;!HTER 

PRODl-I[:? C:OPiC. I N % CARBON CON'-,!. 5 MfiF COAL CON',!. 
I;H::;~ ~~~~E :.: TO FEUDUCT TO PRODUCT 

TOTHL 7 ,= r a . 2  
i . ~ s . 3 ~  7 .  051:l 

TOTHL MHTERIHL EHLANCE? ? 

CHRXflN H':'DROGEN OXYGEN NITFOl7EN :Sl-ILFUR PIHF COHL 

TOTRL 7 .  :3:3 :>.I. 5 1.1 . ! 00. 100. d l  [I . :3 
- -.- H':'DF:Or;EN C:ON:SIJMPT 1 ON- - , 7 -  I L B  H';'~RlJl~I;E..~~~l-L C:OHL _ C C 'I ,-, . .-o.-n ,= -2 HTnM H'~DFIl l iFN/HTnM CHEBON 

.:. ,=, .=, .:. HEHT OF EEACTION- -. ,,-*,.-. ECHL.4;RHt-l OF COAL FED 

EFFECTIVE CAREON CONVERS! ON- 7.:3:3Z PER CENT 
EFFECTIVE ENEEI~'.' E F F I  C:IENC:?- 9. 8: 0 PERCENT 



EUN PiD. 24.1 :SHPlPLE PiD. 2 

COAL T';'PE- NEU PIE:.: I :SIJE:-E:!?I-IM!PiOl-l:~ 

PIOPl!PiAL cflHIl!TIONS TOTAL HIZCIJMIJLATED l;lT:S. 
CURL FEED FATE 1 . [I:: CI L B .' H E COAL FEII 5 7 7 . 7  GRHM:S 
Ha.;'DFOGEN FLU!:! FATE . -327 (I LB..,.'HE CHHF: 2.1-3. 0 I:F.:HMS 
Hh:nPOI3EN 'v'ELOC: Tk' .z dt .=* 4.. 6 _* FTi:SEC L!I3HT O!L:x 0 . GEHM:S 
FEHC:TDE TEMP. 7 - C  i i .-n . O DEl3 1: E:?:;:: 0. GEHI.1'2 

DEI: I: 1;IATEF: PEEHEAT TEMP. 2 [I . (I CI fJ . GRHPlS 
H '~~1 lEDC.E PRE:Z:SlJEE 21jI:lO. p:S! 

CAFE:DPI MONDX! DE 
CARY.0I.i D I El::<! DE 
PIETHHHE 
ETHYLEIJE 
ETHHPiE 
BENZENE 
TDLCIEPiE 
Xar'LEP(E 
L IGHT OIL. 
!:!ATER 

TOTAL MRTEF! I HL BFILHNCE r .!i 

C:HEBUli HYDPOGEN OX'r'l3EPl Id! TRDI;EN :SIJLFl-IF PlHF C:OAL 

TDTHL. .=, .- -* 7 . 11-3. 0. 100.  ! 00. .- .-, 
b;. . ,( 

HEAT flF REHCT :ON- -. 4:3~19 KCHL...'13FAPl OF 1:DHL FED 

EFFECT IVE  CHREON I:ONVERS ION- :i::3. T.3 1 PEP CEMT 
EFFEC:?! !.'E. EPiEpG';' EFF ! C I ENC:C'- 4 6 1 .  7.1 PEEC:ENT 



RUM PlO. Ed$-? :wlrnlPLE MI. .-f .:, DATE 4 -1:; - I a27-2 
r .. I _- 

COAL T'fPE- NEI:I MEX C:O :zUB-E I ?Urn! I.{OIJ:: 

PiOPlI NAL C:OND!TIOI.IS TOTAL AII:C:UI.lULATED I:JT:S. 
COAL FEED FATE 1. 1x313 LE."HF: COAL FED ~ 7 7  L* i e. . 7 I ~ E A M ~ :  
H'..'Di?ClGEN FLOl:I FATE - ,327 [I LB/HR CHAF 2 .I -3 [I ISRAM:: 

.E425, FT...'SEC L IGHT  O I L S  H'?'DE:OI~EN 'r!ELnl:: T-y 1.1 . 1:Ey3plr: 
REACTOR TEMP. 77c 0 u .-I . 0 nE13 C: BTX 0. I~FAI.~:? 
PFEHEHT TEMP. :3 1:1 . 0 I:I DEI: I: IJATEF! 11 . r;F:HM:Z: 
H'~'DROC.EN PFE:::SURE ~ I ~ I : I O .  p:: I 

CAFBON MONOXIDE 
CARBON D!O><!DE 
PIETHANE 
ETH'.<LENE 
ETHANE 
BENZENE 
TOLIJENE 
>i"fLENE 
L IGHT  O!L. 
1,:JHTER 

PRODI-ICT CONC. I N  l.: CARBON CON'-). % MAF COAL CONV. 
13H:x: PIOLE 2 TO PFODI-IS:? TO PRIJDUCT 

TOTHL :37.5 !29. . ! 00. ! 011. E.5. -3 

Ht:rlpO15EN COI.ISU~.~PT I OI.4- . 1 2  1:1 OE- [I! L B  H'?'DF.:oGEN..,'LB COAL 
. 2 4 2 9  ATOP1 H'?DROf5Ef'~.~"HTOM CARBON 

HERT OF REHCTION- -. 4:" -aL I ~:CHL.,~.GRAM OF COAL FED 

EFFECT I VE OHRBUN CONVERS 1 OH- 37.4'3 PEFC:EriT 
EFFECTI{!E ENERGY EFF!CIENCY- 49.44 PERIZEHT 



COHL RE:: I DENC:E TI WE-FIEH:IURED n. SECONII:: 
CHLCI-ILHTED 8. 40:s ::El:OI.{D:: 

FiOI.1 I NAL COHI! T T I  OPiS 
COHL FEED RHTE 
H'l'l3ROGEI.I FLOhl RHTE 
H'fDROGEPi VELnC I TY 
REACTOR TEMP. 
PREHEHT TEMP. 

- H'fIlROGEPi PRE:SSI-IRE 

I:WRPBN 
H<I'DROGEN 
n:.-:'t1I3Et I 
t i  IT ROSE^^ 
'SIJLFI IF: 

I:HFE:ON FlOPiO;.:: I DE 
CHRE:nN D I OX I DF 
PlETHHNE 
t l H'fLEI'iE 
ETHHPiE 
BENZENE 
TOLUENE 
fr"i'I- EN E 
L IGHT  O I L  
WATER 

TOTFIL HCCI-!MI-ILHTED l.tlT:S. 
COHL FED 5 7 7 . 7  I;RHP~:~' 
[:HA!? 2 4 9 .  0 ITRHMS 
L IGHT  O I L S  0. GRHPI.5 
BTX 0. 1:RfiI.l"; 
l.~!l=iTEr+ I0 . I?RHPI'<: 

PRUDI-ICT 1:tJNC:. I I I  Y I-:HeHun c.oIJ'~~. 3; tqnr I:O~L c;onv. 
5H:S 7 PIOLE !: TO PRODIJIZT TO PRODIJCT 

TOTAL :I: 9 . 5 6 .:, c .-, .-1 . 2 7  

TOTHL. MHTERIAL BHLHNCE, % 

H'IIIROI;EII II'.OI.~:~:UMPTI DPj- . 1 7  1 EE- 01  L B  HYDROGEN./LB CURL . :34%,4 HTOM Hi'DROGEN./RTOM CARBON 

HEHT OF RERCTION- - . 4550  KCHL/GRHtI OF COHL FED 

EFFECTIVE CHREON CONVEPS 1 ON- 3 9 . 5 6  PERCENT 
EFFECT 1 'v'E ENERISY E F F I  C IEPIC"f- 53. 0 5  PERCENT 



RClN NO. 24.1 SAMPLE NO. 5 DATE 4 -'- .a - 1,379 

~iOP1 INHL  lZflPiD!T!ONS TOTHL AC:CI.JMULATED IJTS. 
COAL FEED RATE 1 . O:I:O LB..,'HR COHL FED 577.7  GRHI.I:S: 
H'T'DROI5EN FLU!:! E:RTE ~ . O [ I O  LB..,HF: II:HAR 249. 0 15RfiI.lS 

FT....'SEC LI I5HT OIL12 H','DROI;EN '-.!ELOl:! TY .242E, U .  GRAM::: 
-7c REACTUP TEMP. ( .-u . [I DEG C BT:.: ?I . GRHM:S 
--= PREHEAT TEMP. ,.. ,, .-t . 0 DEG C l,:,lHTEE U. ISE~I.~:S 

H'T'DROI~EN PRESSI-IRE 2 [I I) [I . P:2 1 

COAL AHAL'f:X I::, T.: CHHE: ANHL':':T 1 S I % 
C ARB ON Zv3. 1:: [I . 
HYDROGEN 4.180 0. 
OXn.i'lI;EI. 1 6 . :3 [I . 
r.4 ITEOGEN 1 . L .=- .:- ,-- n - 0. 
::.CILFUR .810[1 111 . 
A 1:: H 17.68 4 1 . 112 

PEDDI_II'I:T I',ONC. I N  :.: l::Hf?BON lI:ONS8;. :.: PlAF COAL COpil-,!. 
I~H:S. I.1OLE :< TO PFODUC:? TO PRODUCT 

CHPBON MONDX! DE 
CHRBOH D!OXJ.DE . 
METHHPiE 
ETHYLENE 
ETHANE 
RENZENE 
TOLIJENE 
X'r'LEtJE 
L IGHT  O I L  
WATER 

TOTAL .-, .- 
.I, k, . 7%. :32. 4 9  

TOTHL MATEEIHL BHLHNCEr .!.: 

l:HRBOI.i H'.i'DROI;EN OXYGEN H I  TRDGEN :sl-ILFI-lR PIHF COAL 

L II:!UID:;,: 1 4 . :3 17.1 0.  1.1 . 0. 11.2 
HYDROCHPBON lSH:::ES 22.4  101. 0. I:I . 0. 21' _ . r d  " 
CHRBON O?,!DES 0. I? . 0 . 0. 11 . 0. 
WHTER O. n. 0. D. 0. ?I . 
HI.lP1ON I A 0 . 6.:31 0 . 1 !I 0 . 0. 1 .51  
HYDROGEN SlJLF I DE 11. 1.21 11 . 0. 1 [lo. 1 . 111 5 
CHAP I:I . U . 0. 0. 1.1 . :315.9 

TOT HI- r, .- .:,I=, . :3 126,. 0. 1 [ID. 100. 66 .2  

HEAT OF REACT 1 ON- -. 4''-33 L .. 0.. KCHL/SRAM OF COAL FED 

EFFECTIVE CAREON CONVERSION- :>c,. 76 PEPCENT 
EFFElZT I?;E EI4EE'lS'r' EFF I C IEPiC'f- 4:3. 42 PEECErll' 
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