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" O i l  Shale" is a t e r m  used t o  cover a wide range of  m a t e r i a l s  which are found 
i n  many p a r t s  of t h e  United S t a t e s .  The Green River  o i l  s h a l e s  are p a r t i c u l a r l y  
h igh  grade and a r e  t h e  only  U.S. d e p o s i t s  having adequate  s i z e  and a v a i l a b i l i t y  f o r  
p o t e n t i a l  commercial v a l u e  wi th  present  technology. The Green River formation con- 
t a i n s  the equiva len t  of 1.8 t r i l l i o n  b a r r e l s  of s h a l e  o i l .  Assuming t h a t  only 600 
b i l l i o n  b a r r e l s  or one t h i r d  of t h i s  o i l  i s  u l t i m a t e l y  recoverable ,  t h i s  would 
s t i l l  be 20 t i m e s  t h e  U.S. proved crude o i l  reserves .  

i n  shallow l a k e s  about 45 m i l l i o n  years  ago (L). 
v a r i e d  from s u b t r o p i c a l  t o  a r i d .  During w e t  per iods  t h e s e  l a k e s  may have been a s  
l a r g e  a s  75 t o  100 m i l e s  i n  diameter .  

Sediment, minera l  sa l t s ,  minor p l a n t  d e b r i s  and wind-transported p o l l e n  were 
c a r r i e d  i n t o  t h e  l a k e s  by s m a l l  l o c a l  streams, b u t  t h e  major i ty  of t h e  organic  
material t h a t  is i n  t h e  o i l  s h a l e  came from c o l o n i e s  of a l g a e  t h a t  t h r i v e d  in the  
l a k e s .  

t ra l  par t  of  t h e  lake .  
t h i n ,  a l t e r n a t i n g  l a y e r s  of carbonate  and organic  matter. The l a y e r s  vary  i n  thick-  
n e s s  from 0 .01  t o  10 m i l l i m e t e r s .  

The l a y e r s  are be l ieved  t o  have been formed by t h e  p r e c i p i t a t i o n  of calcium 
carbonate  i n  e a r l y  summer, when t h e  s u r f a c e  water  temperature  r i s e s ,  followed by 
t h e  seasonal  h igh  p r o d u c t i v i t y  of a lgae  which occurs  i n  l a t e  summer. 
bonate  minerals  w e r e  depos i ted  quickly;  t h e  organic  mat te r  s e t t l e d  more slowly-- 
which gave an a l t e r n a t i o n  of l i g h t  and d a r k  laminat ions.  

The t y p i c a l  composi t ion of Green River o i l  s h a l e  i s  shown i n  Table 1. The 
o r g a n i c  por t ion  of t h e  Green River o i l  s h a l e  i s  composed of around 0-5% bitumen, 
e x t r a c t a b l e  organics ,  and 95-100% kerogen, unext rac tab le  organics .  The kerogen is 
an organic  mat r ix  of h igh  molecular  weight ,  conta in ing  on the  average s e v e r a l  sa tu-  
r a t e d  r i n g s  wi th  hydrocarbon c h a i n s  having an occas iona l  i s o l a t e d  carbon-carbon 
double  bond and a l s o  c o n t a i n i n g ,  in a d d i t i o n  t o  s m a l l  amounts of n i t r o g e n  and 
s u l f u r ,  approximately 6% oxygen. There is a l s o  t h e  p o s s i b l i l i t y  t h a t  cons iderable  
amounts of non-crossl inked,  long-chain compounds are t rapped i n  t h e  matr ix .  

hydro lys is ,  then a s imple  formula weight i s  C2pHa202, and t h e  weight  r a t i o  of 
C / H  is 7.5. This  is about  what would be expec e f o r  a l g a e  der ived organics ,  
s i n c e  algae produce f a t t y  a c i d s  i n  the C range a s  w e l l  a s  o t h e r  hydrocarbons 
such a s  c a r t e n o i d s  at C o. It has  been .%own t h a t  t h e  e x t r a c t a b l e  hydrocarbons 
from o i l  s h a l e  have a bfmodal d i s t r i b u t i o n  a t  C17 and C29 suppor t ing  t h i s  con- 
t e n t i o n  (2). 
w a s  found t h a t  t h e  r a t i o  of odd t o  even number of  carbon atoms i n  t h e  e x t r a c t e d  
hydrocarbons was as h igh  as four  t o  one. A r a t i o  of one t o  one would be ex- 
pected from a n o n b i o l o g i c a l  source.  The higher  propor t ion  of t h e  odd number 
hydrocarbons would be a n t i c i p a t e d  i f  t h e i r  source  w a s  t h e  decarboxylat ion of 
a l g a l  f a t t y  a c i d s ,  s i n c e  these  a c i d s  are predominantly even number a c i d s .  

c ross l inked  t o  form kerogen? It can be seen  from t h e  kerogen formula t h a t  t h e r e  
are on t h e  average four  U n i t s  of  u n s a t u r a t i o n ,  whi le  i t  i s  known t h a t  under Some 
condi t ions  a l g a e  form f a t t y  a c i d s  t h a t  are 95% u n s a t u r a t e d ,  and wi th  some a c i d s ,  
such as arachidonic ,  an e s s e n t i a l  f a t t y  a c i d ,  t h e r e  a r e  f o u r  o l e f i n i c  l inkages .  
It has  also been shown t h a t  these  polyunsaturated a l g a l  a c i d s ,  under mild hea t ing ,  

The Green River  o i l  s h a l e  i s  a marls tone (ca lcareous  mudstone) t h a t  was formed 
The c l imate  a t  t h i s  t i m e  probably 

The organic  mat te r  found i n  t h e  Green River s h a l e s  formed i n  t h e  deeper ,  cen- 
Rocks formed under t h e s e  c o n d i t i o n s  are c h a r a c t e r i z e d  by 

The heavy car- 

I f  t h e  n i t r o g e n  and s u l f u r  are formally rep laced  by oxygen, f o r  example by 

St rong  evidence f o r  t h e  b iogenes is  of kerogen was shown when it 

An i n t e r e s t i n g  ques t ion  is:  how d i d  t h e s e  predominantly a l g a l  a c i d s  become 
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become cross l inked .  
s h a l e  r e a c t  t o  form naphthenes,  t h e  cyclic compounds found i n  kerogen. 
of t h i s  type i s  t h e  Diels-Alder r e a c t i o n  which can occur  a t  mild temperatures  (2). 
Composition of kerogen noted i n  Table 2. 
twice t h a t  of  many c o a l s ,  and t h e  oxygen c o n t e n t  is lower. 
kerogen i s  similar t o  t h a t  of coa l .  
quent ly ,  l e s s  hydrogen i s  requi red  t o  remove t h e  unwanted oxygen, n i t r o g e n  and 
s u l f u r ,  and less hydrogen is needed t o  b r i n g  t h e  carbodhydrogen  r a t i o  down t o  
va lues  required i n  l i q u i d  f u e l s  such a s  g a s o l i n e ,  t u r b i n e  and d i e s e l  f u e l s  o r  heat-  
i n g  o i l s .  

t h e  kerogen, i t  i s  necessary  t o  h e a t  t h e  s h a l e  t o  around 250°C (900'F) t o  thermally 
break up t h e  kerogen. 
(65-70%), gas  (10-15%), coke (15-20%) and water (2-7%). 

About two-thirds is l o s t  as carbon d ioxide  and about one-third a s  w a t e r .  Because 
Of t h e  l o s s  of carbon d ioxide ,  t h e  C / H  r a t i o  has  b e n e f i c i a l l y  decreased from 7.8 
i n  kerogen t o  7 . 3  i n  s h a l e  o i l .  

Some i n s i g h t  i n t o  t h e  u t i l i t y  of s h a l e  o i l  can be gained by comparing its com- 
p o s i t i o n  wi th  coal-der ived l i q u i d s  and petroleum crude o i l .  See Table 3. Two rep- 
r e s e n t a t i v e  l i q u i d  products  from c o a l  a r e  shown: COED product ,  produced by carboni- 
z a t i o n  o r  coking, which, l i k e  r e t o r t i n g  of s h a l e ,  i s  a thermal  s t e p  (A), and a 
l i q u i d  from t h e  H-Coal process  by c o a l  hydrogenat ion (5). 
i s  a l s o  shown. 

to-hydrogen r a t i o ,  and a lower s p e c i f i c  g r a v i t y  which i n d i c a t e s  t h e  absence of high 
b o i l i n g  aromatic  t a r s .  Both have h igh  pour p o i n t s ;  s h a l e  o i l  because of p a r a f f i n s ,  
COED l i q u i d  because of heavy polyaromatics .  The l i q u i d  y i e l d s  per  ton  of raw 
m a t e r i a l  mined a r e  i n  t h e  same o r d e r  of magnitude. The s o l i d  r e s i d u e  of s h a l e  re-  
t o r t i n g  i s  l a r g e l y  minera l  matter, whi le  t h e  s o l i d  r e s i d u e  from c o a l  carboniza t ion ,  
c a l l e d  a c h a r ,  i s  a usable  f u e l  conta in ing  more energy than t h e  o i l  f r a c t i o n .  Con- 
vers ion  of t h e  COED l i q u i d  product t o  t r a n s p o r t a t i o n  f u e l s ,  however, i s  a more 
d i f f i c u l t  t a s k  because of i t s  high t a r ,  lower hydrogen and h igher  h e t e r o  atom con- 
t e n t s .  

o i l  but  somewhat comparable i n  h e t e r o  atom content  even though a cons iderable  acgunt 
of  hydrogen has  a l ready  been added t o  t h e  product .  

Arabian Light crude i s  a wider b o i l i n g  material than crude s h a l e  o i l  and i s  
lower i n  a l l  he te ro  atoms except  s u l f u r .  
r a t i o  because i t  conta ins  fewer aromatics  and no o l e f i n s .  

opt imal  c e n t r i f u g i n g ,  s e t t l i n g  and f i l t e r i n g .  Next, a r s e n i c  removal i s  achieved 
wi th  a ca ta lys t -absorbent .  

conta in ing  compounds are hydrogenated over  metallic s u l f i d e  c a t a l y s t s  t o  hydrogen 
s u l f i d e ,  ammonia, water and hydrocarbons. 
are a l s o  hydrogenated. 

crude o i l  more c l o s e l y .  
as t h e  volume of hydrogen p e r  b a r r e l  of product  or t h e  number of hydrogen atoms 
absorbed per  he te ro  atom, t h a t  is ,  n i t r o g e n  p l u s  s u l f u r  p l u s  oxygen atoms. The 
r a t i o  of 10.8 exceeds t h e  t h e o r e t i c a l  hydrogen consumption because double bonds 
a r e  s a t u r a t e d  and h e t e r o  as w e l l  a s  o ther  compounds are hydrocracked. 

t o  a syncrude from c o a l .  
wi th  much less hydrogen than  would be requi red  f o r  a similar product  from coal :  
1,350 sCF p e r  b a r r e l  compared wi th  6,000 SCF p e r  b a r r e l  o r  more, and made a higher  
q u a l i t y  product ,  a s  i n d i c a t e d  by t h e  composition and carbodhydrogen  r a t i o .  

It is c l e a r  t h a t  t h e  unsa tura ted  a c i d s  on d iagenes is  i n  t h e  o i l  
One r e a c t i o n  

One b i g  advantage of s h a l e  o i l  a s  compared t o  c o a l  is t h e  more favorable  atomic 
The hydrogen conten t  of kerogen is almost  

The s u l f u r  conten t  of 
The n i t r o g e n  i s  h igher  i n  kerogen. Conse- 

Because of the  impervious n a t u r e  of t h e  o i l  s h a l e  and t h e  chemical n a t u r e  of 

Under these  condi t ions ,  kerogen decomposes to give o i l  

Also, dur ing  t h e  r e t o r t i n g  opera t ion ,  t h e r e  i s  s i g n i f i c a n t  l o s s  of oxygen. 

Arabian Light  crude o i l  

Of t h e  two thermally produced l i q u i d s ,  s h a l e  o i l  has  a b e t t e r  (lower) carbon- 

The hydrogenated product  from c o a l ,  H-Coal l i q u i d ,  is more aromatic  than s h a l e  

It has  a more favorable  carbon/hydrogen 

I n  t h e  upgrading of crude s h a l e  o i l ,  s o l i d s  removal i s  f i r s t  achieved by 

In t h e  t h i r d  s t e p ,  t h e  hydro t rea t ing  s t e p ,  t h e  s u l f u r ,  n i t r o g e n ,  and oxygen 

O l e f i n s  p r e s e n t  i n  t h e  r a w  s h a l e  o i l  

The hydro t rea ted  s h a l e  o i l  (or syncrude) now, s a v e  f o r  pour p o i n t ,  resembles 
The amount of hydrogen consumed i s  l i s t e d  i n  Table  4 e i t h e r  

The s p e c i f i c  g r a v i t y  and composition of hydro t rea ted  s h a l e  o i l  a r e  compared 
Note t h a t  w e  have converted crude s h a l e  o i l  t o  syncrude 
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The high pour p o i n t s ,  and a l s o  high v i s c o s i t i e s  of t h e  r a w  s h a l e  o i l  and 
of t h e  hydro t rea ted  s h a l e  o i l ,  a r e  a cause f o r  concern. It appears  t h a t  both t h e  
raw sha le  o i l  wi th  i t s  h igh  n i t r o g e n  c o n t e n t ,  i t s  high pour poin t  and high v i s c o s i t y  
and t h e  hydro t rea ted  s h a l e  o i l  wi th  i t s  h igh  pour poin t  may not  be s u i t a b l e  f o r  
undedicated ( t o  such o i l s )  p i p e l i n e s .  In t h e  absence of  dedica ted  p i p e l i n e s ,  
conversion t o  p i p e l i n e a b l e  products  (gaso l ine ,  d i e s e l  f u e l ,  j e t  f u e l ,  e t c . )  a t  
or near  t h e  r e t o r t i n g  s i t e  i s  one a l t e r n a t i v e .  Another is t o  s u b j e c t  t h e  raw 
s h a l e  t o  a coking o p e r a t i o n  which lowers  t h e  pour poin t  and, when followed by 
hydro t rea t ing ,  g i v e s  a low-sulfur ,  low-nitrogen o i l  of about  45'F pour poin t .  
The hydrotreated s h a l e  o i l  can be doped w i t h  a pour poin t  depressant  t o  give a 
35 t o  40°F pour p o i n t  o i l  acceptab le  i n  common c a r r i e r  p i p e l i n e s .  

c a r r i e r  p i p e l i n i n g ,  a n  o v e r a l l  l i q u i d  y i e l d  l o s s  of 15% t o  20% w i l l  be incurred.  

c u r s o r  to gasol ine .  
conten t  t o  1,000 ppm, some a d d i t i o n a l  naphtha i s  formed. The syncrude w i l l  have 
c l o s e  t o  14% naphtha which i s  somewhat s i m i l a r  i n  q u a l i t y  t o  naphtha from Light 
Arabian c rude .  S e e  Table  5 .  The octane number of  t h e  naphtha i s  low and w i l l  
have t o  be improved by c a t a l y t i c  reforming. Reforming pr imar i ly  dehydrogenates 
naphthenic  r i n g s  t o  form high-octane aromatics ,  and a l s o  c y c l i z e s  o r  isomerizes  
low-octane s t r a i g h t - c h a i n  p a r a f f i n s  and hydrocracks some of  t h e  high-boi l ing 
p a r a f f i n s .  Reforming was developed t o  upgrade petroleum naphthas  and w i l l  a l s o  
be required f o r  comparable l i q u i d  s t o c k s  from c o a l .  The r e l a t i v e l y  high naph- 
thene content  of s h a l e  o i l  naphtha permits  reforming t o  high-octane gasol ine  with 
only moderate y i e l d  l o s s ,  compared with Light  Arabian naphtha.  
c o a l  genera l ly  c o n t a i n  aromatic  r i n g s  a s  w e l l  and s o  would give s l i g h t l y  b e t t e r  
y i e l d s ;  b u t ,  because of t h e  higher  number of h e t e r o  compounds, l o s e  some advantage. 

The Department of  Defense i s  i n t e r e s t e d  i n  a l t e r n a t i v e  sources  of t u r b i n e  
f u e l s  for  m i l i t a r y  a i r c r a f t .  JP-4 i s  t h e  large-volume f u e l  they r e q u i r e .  See 
Table  6. Shale  o i l  i s  w e l l  s u i t e d  f o r  y i e l d i n g  t u r b i n e  f u e l s  hecause of i t s  r e l a -  
t i v e l y  low aromat ic i ty .  A l l  s p e c i f i c a t i o n s  f o r  JP-4 are m e t  by s e p a r a t i n g  the  
JP-4 b o i l i n g  range material  from crude s h a l e  o i l  by d i s t i l l a t i o n  and hydro t rea t ing  
t h a t  f r a c t i o n .  

h igh  aromatic conten t .  

o l e f i n s  and too low i n  c e t a n e  number and s t o r a g e  s t a b i l i t y  t o  meet s p e c i f i c a t i o n s .  
Product which meets a l l  s p e c i f i c a t i o n s  can be made, however, by hydro t rea t ing  
c rude  shale o i l  fol lowed by d i s t i l l a t i o n ,  r e f e r  t o  Table 7 .  An increas ing  number 
of  petroleum crudes a l s o  r e q u i r e  h y d r o t r e a t i n g  of t h e  d i e s e l  f r a c t i o n  t o  reduce 
s u l f u r  content .  

The p o r t i o n  of s h a l e  syncrude b o i l i n g  above t h e  d i e s e l  f u e l  f r a c t i o n  can be 
used as a premium low-sulfur  f u e l  o i l  o r  cracked t o  produce more va luable  lower- 
b o i l i n g  t r a n s p o r t a t i o n  f u e l s  such as gasol ine ,  j e t  and d i e s e l  f u e l s .  
i s  a b e t t e r  m a t e r i a l  than  t h e  corresponding f r a c t i o n  from crude (such as Arabian 
L i g h t ) ,  because t h e  s h a l e , o i l  has  been upgraded by p r i o r  processing:  r e t o r t i n g ,  
which thermally cracked t h e  h ighes t  b o i l i n g  f r a c t i o n s  and reduced its carbon resi- 
due,  and h y d r o t r e a t i n g  which reduced t h e  s u l f u r  conten t .  
O i l  f r a c t i o n  (from Light  Arabian crude)  s t i l l  c o n t a i n s  32% (14% of crude)  as a 
n o n d i s t i l l a b l e  a s p h a l t .  It i s  d i f f i c u l t  t o  use  a s  b o i l e r  f u e l  because of i t s  2.75% 
s u l f u r  content .  
i t  t o  acceptable  d i s t i l l a t e  f u e l s  by coking followed by hydro t rea t ing .  

I f  t h e  thermal  coking has  t o  be used t o  make a product  s u i t a b l e  f o r  common 

Shale o i l  from t h e  r e t o r t  c o n t a i n s  on t h e  o r d e r  of 10% heavy naphtha, a pre- 
When h y d r o t r e a t i n g  t h e  s h a l e  o i l  t o  reduce t h e  n i t rogen  

Naphthas from 

Refining of j e t  f u e l s  from c o a l  syncrude poses  more of  a problem because of t h e  

The d i e s e l  f u e l  f r a c t i o n  from t h e  raw s h a l e  o i l  i s  t o o  high in s u l f u r  and 

This  f r a c t i o n  

The corresponding crude 

It i s  o f t e n  u t i l i z e d  by blending i t  i n  bunker f u e l  o r  by convert ing 
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TABLE 1 

TYPICAL COMPOSITION OF 
GREEN R I V E R  OIL SHALE 

Kerogen C o n t e n t  15 W t %  
Kerogen C o m p o s i t i o n :  

Carbon 
Hydrogen 
N i t r o g e n  
S u l f u r  
Oxygen 

S i m p l e  Chemica l  F o r m u l a  
( S u l f u r  & N i t r o g e n  
Replaced  by Oxygen) 

M i n e r a l  C o n t e n t  85 W t %  

C a r b o n a t e s  
F e l d s p a r s  
Quar t z  
C lays  
A n a l c i t e  & P y r i t e  

M o i s t u r e  and  Ash F r e e  

Carbon 
Hydrogen 
Oxygen 
N i t r o g e n  
S u l f u r  

C / H  R a t i o  

(25  Gal /Ton 
S h a l e  Oil) 

W t %  

80.5 
1 0 . 3  

2.4 
1.0 

- 

5 . 8  
100.0 

C20H3202 

4 8 . 0  
21.0 
1 5 . 0  
1 3 . 0  

3 .0  
100.0 

TABLE 2 

KEROGEN VS COAL 

Weight  P e r c e n t  
Kerogen Coal  

B i t  Subb L i g n i t e  

8 0 . 5  78 .8  73 .5  72.5 
1 0 . 3  5 .7  5 . 3  4.9 

5 .8  8 . 9  1 9 . 7  20 .8  
2.4 1.4 1 . 0  1.1 
1 . 0  5 . 2  0 . 5  0.7 

7.8 1 3 . 8  13 .9  1 4 . 8  
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TABLE 3 

CRUDE SHALE O I L ,  
COAL, LIQUIDS, CRUDE OIL 

Crude A r a b i a n  
S h a l e  C o a l  L i q u i d s  L i g h t  

O i l  COED* H-Coal Crude - 
G r a v i t y ,  S p e c i f i c  0.92 1 . 1 3  

"API 22.2 -4 

B o i l i n g  Range, ' C  60-540 - 
Compos i t ion ,  W t %  

N i t r o g e n  1 .8  1.1 
S u l f u r  0.9 2.8 
Oxygen 0.8 8.5 

C / H  R a t i o  7.3 11.2 

Pour  P o i n t ,  OF 60 1 0 0  

V i s c o s i t y ,  100°F, SUS 98 133 

Hydrogen Added 
S c f / B b l  P r o d u c t  0 0 
W t %  0 0 

Y i e l d ,  G a l l o n s / T o n  25-35 30-48 

0.92 
23.0 

30-525 

0.1 
0.2 
0.6 

8 .1  

<5 
- 

6000 
10 

60-90 

*COED: Char  O i l  E n e r g y  Development  

TABLE 4 

HYDROGEN REQUIREMENT TO 
HYDROTREAT SHALE OIL 

Hydrogen Consumpt ion  
S c f / B b l  P r o d u c t  
Atoms/Atom H e t e r o  
W t %  P r o d u c t  

OAPI 
S p e c i f i c  

Pour  P o i n t ,  O F  

V i s c o s i t y ,  100°F ,  SUS 

Compos i t ion ,  W t %  

G r a v i t y ,  

N i t r o g e n  
S u l f u r  
Oxygen 

C/H R a t i o  

H y d r o t r e a t e d  
S h a l e  O i l  

1350 
10 .8  

2.4 

34 

+80 

0.86 

55 

0.08 
0.002 

0.85 
34.7 

5-575+ 

0 .08  
1 .7  - 
6.2  

-15 

44 

0 
- 

- 

H-Coal 

6000 

l o  
--- 

23 
0.92 

<5 

0.01 
0 .2  
0.6 

8 . 1  6.5 
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TABLE 5 

SHALE O I L  PRODUCTS VS PETROLEUM PRODUCTS 

NAPHTHA (GASOLINE PRECURSOR) 

Naptha  From: 

B o i l i n g  Range,  "C 
50% P o i n t ,  O C  

Y i e l d ,  V o l %  Crude 

G r a v i t y ,  'API 
S p e c i f i c  

S u l f u r ,  ppm 

N i t r o g e n ,  ppm 

C/H Ratio 

O c t a n e  Number 

+ 3 m l  TEL 

C o m p o s i t i o n ,  w t %  

R e s e a r c h ,  C l e a r  

P a r a f f i n s  

L i g h t  A r a b i a n  Exxon 
S h a l e  O i l *  Crude  Donor Solvent  

70-205 
154 

13.6 

51.6 
0.77 

9 

34 

5.9 

32.5 
6 1 . 9  

25-190 
123 

26.7 

63.0 
0.73 

320 

5.7 

38.3 
63.6 

70-205 
177 

10 

30 
0.88 

4700 

2100 

7.8 

45 75 22 

Naph t h e n e  s 44 14 42 

A r o m a t i c s  11 11 36 

*From s h a l e  oil which h a s  b e e n  h y d r o t r e a t e d  t o  r e d u c e  s u l f u r  t o  530 ppm. 
1350 scf H consumed p e r  b a r r e l  of c r u d e  s h a l e  o i l .  2 

TABLE 6 

SHALE OIL PRODUCTS VS PETROLEUM PRODUCTS 

TURBINE FUEL 

S o u r c e  

B o i l i n g  Range ,  "C 
50% P o i n t ,  O C  

G r a v i t y ,  OAPI 
S p e c i f i c  

S u l f u r ,  pprn 

F r e e z e  P o i n t ,  'C 

A r o m a t i c s ,  Vol% 

Smoke P o i n t ,  mm 

Thermal  S t a b i l i t y ,  JFTOT 
a t  260'C 
P r e s s u r e  Drop ,  mm H g  
P r e h e a t e r  D e p o s i t  Code 

JP-4 From 
S h a l e  O i l  

100-240 
182 

51.9 
0.77 

5 

( -60  

3.0 

40 

0 
0 

T y p i c a l  
J P - 4  

60-240 
143 

54 
0.76 

350 

-62 

12.3 

27.5 

0.2 
1 
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Source  

B o i l i n g  Range, O C  

Y i e l d ,  Vol% 

G r a v i t y ,  "API 
S p e c i f i c  

S u l f u r ,  ppm 

Ni t rogen ,  W t %  

Pour P o i n t ,  O F  

TABLE 7 

SHALE OIL PRODUCTS VS PETROLEUM PRODUCTS 

DIESEL FUEL 

Cetane  Number 

V i s c o s i t y ,  SUS @ 38°C 

Diesel F u e l  
From 

Shale O i l  

200-360 

42.3 

37.2 
0.84 

1 9  

0.022 

-23 

50 

37.2 

T y p i c a l  

188-32 J 

36 
0.84 

2500 

-4 t o  -48 

46 

34.5 
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