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INTRODUCTION 

Separation of crude sha le  o i l  from the water  produced du r ing  r e t o r t i n g  has 
l ong  been a problem w i t h  some sha le  o i l s  r e t o r t e d  from Green R i v e r  Formation o i l  
sha le  o f  the western Un i ted  States.  
o i l  produced from t h e  Paraho r e t o r t  by t h e  i n d i r e c t 1 8  heated mode cou ld  be e a s i l y  
separated from r e t o r t  water  a f t e r  be ing heated t o  77 C (17OOF) and a l l owed  t o  
s e t t l e  a t  t h i s  temperature f o r  s i x  hours. 
LERC authors t h a t  a sample o f  raw (unt reated)  crude shale o i l  produced from S i t e  9 
o f  t h e  Department o f  Energy (DOE) i n  s i t u  r e t o r t i n g  p r o j e c t  near Rock Springs, 
Wyoming, was not  segarated from suspended r e t o r t  water  when heated i n  a separatory  
funnel  t o  82OC (180 F) f o r  a p e r i o d  o f  15 hours. 

f rom N-T-U shale o i l  by a r o t a r y  f i l t e r  precoated w i t h  f i l t e r  a id .  Water t h a t  
cou ld  n o t  be separated f rom t h e  u n f i l t e r e d  o i l  by hea t ing  was e a s i l y  separated 
when t h e  f i l t e r e d  o i l  was heated t o  7loC (160OF) f o r  t h r e e  hours. 
determined whether t h e  s o l i d s  removed by t h e  f i l t e r  were o rgan ic  o r  i no rgan ic .  

asphaltenes (1) i n s o l u b l e  i n  ho t  heptane, w h i l e  t-he i n  s i t u  shale o i l  conta ined 
over  3.6 percent o rgan ic  m a t e r i a l  i n s o l u b l e  i n  pentane. The present  s tudy was 
undertaken t o  determine whether t h e  p o r t i o n  o f  s h a l e  o i l  t h a t  i s  i n s o l u b l e  i n  
normal pentane and o t h e r  so l ven ts  may be respons ib le  f o r  t h e  fo rma t ion  o f  s t a b l e  
sha le  o i l h a t e r  emulsions o f  i n  s i t u  shale o i l .  Greater knowledge o f  t h e  cause o f  
t h e  emulsions may a s s i s t  i n  develop ing methods o f  avo id ing  t h e i r  f o rma t ion  d u r i n g  
r e t o r t i n g  o r  subsequent hand l i ng  o f  t h e  o i l ;  i t  may a l s o  he lp  i n  d e v i s i n g  newer 
and cheaper ways o f  separa t i ng  t h e  o i l  and water phases o f  emulsions. 

I n  recen t  work (1) i t  was repo r ted  t h a t  sha le  

Conversely, i t  has been found by t h e  

I n  1949, a b r i e f  s tudy  was repor ted (E)  on t h e  removal o f  suspended s o l i d s  

I t  was no t  

The Paraho shale o i l  mentioned above conta ined o n l y  0.17 weight -percent  

EXPERIMENTAL 

General Procedure 

Pentane- insolub le m a t e r i a l s  were separated f rom f i l t e r e d ,  dewatered crude 
sha le  oil  prepared from DOE S i t e  9 crude o i l ,  and from f r a c t i o n s  o f  t h e  o i l .  
These m a t e r i a l s  were used as a d d i t i v e s  f o r  b lend ing  i n  smal l  percentages w i t h  
l i g h t  gas o i l ,  dewaxed heavy gas o i l ,  and f i l t e r e d ,  dewatered pentane-ext racted 
crude shale o i l .  

A b lend was prepared by m i x i n g  a measured weight  o f  a d d i t i v e  w i t h  100 m l  o f  
o i l  and s t i r r i n g  t h e  m i x t u r e  i n  a beaker a t  room temperature f o r  10 minutes w i t h  
an e l e c t r i c  s t i r r e r .  
minutes a f t e r  which t h e  m i x t u r e  was t r a n s f e r r e d  t o  an e l e c t r i c a l l y  heated separatory  
funnel. 
amounts o f  water ranged f rom 11.4 t o  52.2 percent .  

(17OoF), and mainta ined a t  t h i s  temperature f o r  f i v e  hours under a f l ow ing  stream 
o f  n i t rogen .  The water  and o i l  phases were dra ined separa te l y  i n t o  graduated 
c y l i n d e r s  and were weighed. A d r y  i c e  t r a p  connected by a f l e x i b l e  tube t o  a 
water-cooled r e f l u x  condenser a t  t h e  top  o f  t h e  separatory  funnel  d u r i n g  t h e  

D i s t i l l e d  water  was added and t h e  m i x t u r e  was s t i r r e d  f o r  10 

Amounts o f  a d d i t i v e  ranged from 0.5 t o  2.2 weight percent o f  t h e  o i l ,  and 

Mixtures i n  t h e  separa to ry  funnel  were heated w i t h  an e l e c t r i c  j a c k e t  t o  77OC 
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hea t ing  p e r i o d  c o l l e c t e d  vapors l eav ing  t h e  funnel .  Only small  amounts o f  water  
and t r a c e s  o f  hydrocarbon too  small  t o  separate from t h e  water were c o l l e c t e d  i n  
the  t rap .  

Preparat ion o f  
Feeds For Blending Wi th  Add i t i ves  

The f i r s t  o f  t h r e e  feeds f o r  b lending w i t h  pentane i n s o l u b l e  m a t e r i a l  was 
prepared from i n  s i t u  S i t e  9 ' c rude  by f i l t e r i n g  t h e  crude shale o i l  through 60- to-  
100 mesh Berksh i re  sand and number 40 Whatman f i l t e r  paper. No measure o f  t h e  
s o l i d s  removed was obtained. 
temperature o f  1 5 O o C  (302OF)at 40 mn abso lu te  pressure. 
water was separated i n  a separatory funnel, d r i e d  over anhydrous sodium s u l f a t e ,  
and combined w i t h  t h e  cooled contents  o f  t h e  d i s t i l l a t i o n  f l a s k .  

Dr ied shale o i l  was s t i r r e d  w i t h  15 volumes o f  n-pentane two hours a t  room 
temperature and f i l t e r e d  through a medium (M)  p o r o s i t y  f r i t t e d  g lass  funnel .  
Pentane was removed f rom the  f i l t r a t e  by d i s t i l l a t i o n  t o  a f l a s k  temperature o f  
200°C (392OF) a t  585 mm mercury absolute, and t h e  pentane- f ree f i l t r a t e  was used 
as a feed f o r  b lend ing  w i t h  pentane- insolub le$ i n  t h e  e m u l s i f i c a t i o n  s tud ies.  
funnel c o n t a i n i n g  pentane- insolub les was vacuum-dried (380 mn abso lu te )  a t  room 
temperature t o  constant  weight ,  and the pentane- insolub le m a t e r i a l  was used as an 
a d d i t i v e  i n  t h e  e m u l s i f i c a t i o n  s tud ies.  

The second feed f o r  t h e  b lending s tud ies  was l i g h t  gas o i l  prepared by d i s t i l -  
l a t i o n  o f  raw, wet, u n f i l t e r e d  i n  s i t u  S i t e  9 crude shale o i l  t o  i n i t i a l  and f i n a l  
column head temperatures o f  106OC (223OF) and 200°C (392OF) a t  40 mm; these co r res -  
ponded t o  200°C (392OF) and 313OC (595OF) a t  760 mn. 
0.46 weight -percent  i n s o l u b l e  i n  pentane a t  room temperature ( a t  a pentane:o i l  
r a t i o  o f  z O : ~ ) .  

Heavy gas o i l ,  t h e  t h i r d  feed f a r  t h e  b lend ing  s tud ies ,  was ob ta ined  by 
cont inued d i s t i l l a t i o n  o f  t h e  crude, a f t e r  removal o f  l i g h t  gas o i l ,  t o  a column 
temperature o f  3OO0C (572OF) a t  40 mm, corresponding t o  43loC (807OF) a t  760 mm. 
TO prevent compl icat ions du r ing  m ix ing  and measuring t h a t  would be caused by wax 
i n  the  heavy gas o i l ,  t h e  o i l  was dewaxed w i t h  a 2 : l  acetone- to luene m ix tu re  a t  
O°C. Y i e l d  o f  wax was 11.5 weight  percent .  The dewaxed o i l  con ta ined  0.45 
weight-percent m a t e r i a l  i n s o l u b l e  i n  pentane a t  room temperature (2O:l  r a t i o ) .  

Water was e l i m i n a t e d  by d i s t i l l a t i o n  t o  a f l a s k  
O i l  condensed w i t h  t h e  

The 

The l i g h t  gas o i l  conta ined 

Preparat ion o f  Pentane-lnsol u b l e  
A d d i t i v e s  Mixed i n t o  Feeds 

Four pentane- insolub le m a t e r i a l s  were used i n  t h e  study. These inc luded two 
d i f f e r e n t  i n s o l u b l e  p o r t i o n s  o f  t h e  f i l t e r e d ,  d r i e d  i n  s i t u  crude o i l  prepared by 
e x t r a c t i o n  o f  t h e  d r i e d  crude w i t h  d i f f e r e n t  pentane:o i l  r a t i o s ;  t h e  pentane- 
i n s o l u b l e  p o r t i o n  o f  t h e  vacuum d i s t i l l a t i o n  residuum from t h e  raw, wet, u n f i l t e r e d  
crude; and t h e  pentane- insolub le p o r t i o n  o f  s o l i d s  f i l t e r e d  from t h e  same raw 
crude w i t h  a 325-mesh screen. P roper t i es  o f  a l l  i n s o l u b l e  f r a c t i o n s  a r e  shown i n  
t a b l e  1. 

pentane:o i l  r a t i o  has been described. 
weight-percent o f  t he  dry ,  f i l t e r e d  crude. A second i n s o l u b l e  p o r t i o n  was a l s o  
prepared a t  a 40: l  e x t r a c t i o n  r a t i o  and was used i n  one e m u l s i f i c a t i o n  experiment. 
I t  was 2.8 weight-percent o f  t h e  d r y  crude. 

D i s t i l l a t i o n  residuum from t h e  prev ious ly-d iscussed d i s t i l l a t i o n  o f  l i g h t  and 
heavy gas o i l s  from raw crude o i l  was e x t r a c t e d  w i t h  pentane a t  a s o l v e n t : o i l  
r a t i o  of 20:1, y i e l d i n g  24.2 weight-percent o f  t h e  residuum o r  3.8 percent  o f  t h e  
d r y  crude as pentane- Insolub le m a t e r i a l  t h a t  was used i n  e m u l s i f i c a t i o n  s tud ies.  
P roper t i es  o f  t h i s  m a t e r i a l  a r e  a l s o  shown i n  t a b l e  1. 

P repara t i on  o f  t h e  i n s o l u b l e  p o r t i o n  o f  t h e  f i l t e r e d ,  d r i e d  crude a t  a 15:l 
The i n s o l u b l e  p o r t i o n  amounted t o  3.6 
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The fou r th  pen tane- inso lub le  m a t e r i a l  was prepared from s o l i d s  t h a t  were 
separated from S i t e  9 c rude  o i l  by screening t h e  crude a t  65OC through a 325-mesh 
s t a i n l e s s  s tee l  s tandard T y l e r  s ieve.  P r i o r  t o  screening, t h e  sample o f  raw, wet 
crude had been heated a t  77OC (17OOF) i n  a separatory  funnel  f o r  f i v e  hours w i t h  
no separat ion o f  water. 
removing 3.5 weight -percent  o f  t h e  wet o i l  (4.9 percent ,  d r y  o i l  bas is)  as "gunk" 
on t h e  screen. 

weight  r a t i o ) ,  y i e l d i n g  26.5 percent  m a t e r i a l  (1.3 percent  o f  t h e  d r y  crude) 
i n s o l u b l e  i n  pentane. 
and heated t o  77OC, water  q u i c k l y  separated. Water measured a t  t h e  end o f  f i v e  
hours was 29.2 weight -percent  o f  t h e  o r i g i n a l  wet crude. 
water  i n  the dewatered o i l  by t h e  ASTM d i s t i l l a t i o n  method (D-95) showed less than 
0.05 weight -percent  wa te r  i n  t h e  o i l .  

t e s t s  f o r  comparison purposes were made w i t h  t h e  pentane-solub le p o r t i o n  o f  t h e  
sand-and-paper f i l t e r e d  d r i e d  crude and w i t h  t h e  pentane-solub le p o r t i o n  o f  t h e  
d i s t i l l a t i o n  residuum (see t a b l e  2). Tests a l s o  were made w i t h  to luene-so lub le  
and to luene- inso lub le  p o r t i o n s  o f  pentane- insolub le m a t e r i a l  f rom t h e  screen- 
f i l t e r e d  so l i ds ,  and w i t h  ch loroform-solub le,  pentane- insolub le p o r t i o n .  A l l  
t e s t s  w i t h  m a t e r i a l s  separated from t h e  w i r e - s c r e e n - f i l t e r e d  crude a r e  shown i n  
t a b l e  3 .  

The same sample was f i l t e r e d  through t h e  325-mesh screen, 

S o l i d s  separated on t h e  325-mesh screen were e x t r a c t e d  w i t h  pentane (15 : l  

When t h e  f i l t e r e d  o i l  was rep laced i n  t h e  separatory  funnel 

Subsequent t e s t i n g  f o r  

I n  a d d i t i o n  t o  e m u l s i f i c a t i o n  t e s t s  made w i th  t h e  pentane- insolub le ma te r ia l s ,  

R e s u l t s  and Discuss ion o f  Experiments 

E f f e c t  o f  A d d i t i v e s  From Residuum and F i l t e r e d  Crude 
on  F i l t e r e d ,  Pentane-Extracted Crude 

Experiments A t h rough  G were made w i t h  t h e  pentane-solub le p o r t i o n  o f  crude 
sha le  o i l  t h a t  had been f i l t e r e d  through sand and f i l t e r  paper. 

When d i s t i l l e d  water  a lone  was mixed w i t h  t h e  pentane-solub le p o r t i o n  o f  sand 
and p a p e r - f i l t e r e d  crude i n  experiment A ( t a b l e  2) t h e  o i l  and water phases sep- 
a r a t e d  i n  a few minutes w i t h  a c l e a r ,  sharp i n t e r f a c e .  Heat ing was cont inued f o r  
t h e  scheduled f i v e  hours, a t  t h e  end o f  which some loss i n  weight  o f  t h e  o i l  was 
found t o  have occurred. 
by some condensate i n  t h e  d ry  i c e  t r a p ;  p a r t  o f  i t  may have been t h e  r e s u l t  o f  
some o f  t h e  o i l  be ing d i s s o l v e d  i n  t h e  water phase. 

t i l l a t i o n  residuum was added t o  samples o f  t h e  same pentane-solub le f i l t e r e d  crude 
used i n  experiment A. A d d i t i o n  o f  0.5, 1.0, and 2.0 percent  pentane- insolub le to 
t h e  pentane-solub le-o i l  b e f o r e  m ix ing  w i t h  water  caused t h e  o i l  phases t o  p i c k  up 
i n c r e a s i n g l y  l a r g e r  percentages o f  water  t h a t  d i d  n o t  separate f rom t h e  o i l  phase 
a f t e r  s e t t l i n g  f i v e  hours a t  77OC. No i n d i v i d u a l  d r o p l e t s  o f  water were d i sce rn -  
i b l e  i n  t h e  o i l  phases. The o i l  phase from experiment D ,  i n  which 2.0 percent 
pentane- insolub le a d d i t i v e  was used, gained 48.8 weight  percent  ( i n c l u d i n g  t h e  2.0 
percent  a d d i t i v e ) ,  based on  t h e  weight  o f  t h e  o r i g i n a l  o i l .  

The ash con ten t  o f  t h e  pentane- insolub le m a t e r i a l  f rom t h e  d i s t i l l a t i o n  
residuum was o n l y  1.02 percent .  
m a t e r i a l  w i t h  f i l t e r e d  crude,  t h e  pentane- insolub le would c o n t r i b u t e  o n l y  0.02 
percent  ash t o  t h e  blend. 
p a r t  i n  t h e  fo rma t ion  o f  t h e  emulsions. 

In experiments E ,  F, and G, 1.0 weight -percent  pentane- insolub le f rom the  
s a n d - f i l t e r e d  crude was added t o  t h e  pentane-solub le crude be fo re  i t  was mixed 
w i t h  water. 
i n s o l u b l e  was added, and was mainta lned a t  t h i s  temperature f o r  one hour, w i t h  
s t i r r i n g ,  a f t e r  t h e  a d d i t i o n  t o  promote s o l u t i o n  o f  t h e  a d d i t i v e  i n  t h e  o i l  be fo re  
water  was added. 
crude w i t h  a s o l v e n t : o i l  r a t i o  o f  40:l was used i n  experiment G. In  each of  these 

P a r t  o f  t h e  loss was t h e  r e s u l t  o f  vapor i za t i on ,  as shown 

I n  experiments B ,  C, and D, pentane- insolub le m a t e r i a l  from the  vacuum d i s -  

I n  a 2.0 percent  b lend o f  t he  pentane- insolub le 

It appears t h a t  t h e  i no rgan ic  m a t e r i a l  p layed l i t t l e  

I n  experiment F, t h e  oll  was heated t o  100°C be fo re  t h e  pentane- 

Pentane- Insolub le t h a t  was separated from t h e  raw, f i l t e r e d  
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t h r e e  experiments, a smal l  loss i n  weight  o f  t h e  o i l  phase occurred,  i n d i c a t i n g  no  
emulsion-forming tendency f o r  t h e  pen tane- inso lub le  from the  f i l t e r e d  crude under 
t h e  cond i t i ons  used. 

E f f e c t  o f  A d d i t i v e s  From Residuum and F i l t e r e d  
Crude on Gas O i l s  

When 2.2 percent  o f  t he  pentane- insolub le f rom t h e  f i l t e r e d  crude was mixed 
w i t h  dewaxed heavy gas o i l  and the  m i x t u r e  was heated t o  320°C f o r  one -ha l f  hour 
be fo re  the  a d d i t i o n  o f  water, t h e  o i l  phase gained 8.8 percent  i n  weight  (exper i -  
ment H ) .  Th i s  c o n t r a s t s  w i t h  a recovery o f  o n l y  98.4 weight -percent  i n  t h e  o i l  
phase when t h e  heavy gas o i l  a lone was heated t o  32OoC be fo re  m ix ing  w i t h  water  
(experiment Y ) .  The r e s u l t s  show an  e m u l s i f y i n g  e f f e c t  f o r  t h e  pen tane- inso lub le  
from t h e  f i l t e r e d  crude a f t e r  i t  was heated. (Compare experiments E, F, and G in  
which i . t  was no t  heated.) 

Both experiments J and K o f  t a b l e  2 show t h a t  t h e  pentane-solub le p o r t i o n  o f  
t h e  d i s t i l l a t i o n  residuum disp layed l i t t l e  o r  no e f f e c t  as an e m u l s i f y i n g  agent 
e i t h e r  a t  room temperature o r  a f t e r  be ing heated i n  gas o i l  a t  32OoC. 

Experiments M, N, and 0 show t h a t  pentane- insolub le m a t e r i a l  from vacuum 
d i s t i l l a t i o n  residuum disp layed ve ry  g rea t  emuls ion- forming tendency when mixed i n  
l i g h t  gas o i l ;  but  pentane-solub le m a t e r i a l  f rom t h e  same source d i s p l a y e d  l i t t l e  
o r  no such tendency. 

E f f e c t  o f  A d d i t i v e s  From Suspended S o l i d s  on Gas O i l s  

Data i n  t a b l e  3 show t h a t  t h e  pentane- insolub le p a r t  o f  s o l i d s  separated f rom 
t h e  raw crude w i t h  325-mesh screen d i sp layed  s t r o n g  e m u l s i f y i n g  power for water  
when mixed i n  l i g h t  gas o i l .  (Compare experiment P w i t h  M i n  t a b l e  2 ) .  

weight  r a t i o )  t o  produce a to luene-so lub le  s o l i d  and a t o l u e n e - i n s o l u b l e  s o l i d .  
The so lub le  p o r t i o n  d i d  n o t  show any e m u l s i f y i n g  e f f e c t  when mixed i n  l i g h t  gas 
o i l  a t  room temperature (experlment Q) bu t  t h e  i n s o l u b l e  p o r t i o n  showed a s t rong  
e m u l s i f y i n g  e f f e c t  (experiment V ) .  When t h e  s o l u b l e  p o r t i o n  was added t o  heavy 
gas o i l  and heated t o  32OoC f o r  one-hal f  hour, i t  showed a s t rong  e m u l s i f y i n g  
e f f e c t  (experiment R ) .  

form, a l s o  producing s o l u b l e  and i n s o l u b l e  s o l i d s .  The s o l u b l e  p o r t i o n  d i d  n o t  
d i s p l a y  any e m u l s i f y i n g  e f f e c t  when mixed w i t h  l i g h t  o r  heavy gas o i l s  a t  room 
temperature (experiments S and T) ;  however, when i t  was added t o  heavy gas o i l  and 
heated t o  32OoC f o r  one-hal f  hour b e f o r e  t h e  a d d i t i o n  o f  water, i t  showed s t rong  
e m u l s i f y i n g  power (experiment U ) .  The ch lo ro fo rm- inso lub le  p o r t i o n  showed s t rong  
emu ls i f y ing  power when mixed i n  l i g h t  gas o i l  a t  room temperature (experiment X). 

A p o r t i o n  o f  t hese  pentane- insolub le s o l i d s  was e x t r a c t e d  w i t h  to luene  (15:l 

The pentane- insolub le,  t o luene- inso lub le  m a t e r i a l  was e x t r a c t e d  w i t h  ch lo ro -  

SUMMARY AND CONCLUSIONS 

Pentane- insolub le m a t e r i a l  from vacuum d i s t i l l a t i o n  o f  i n  s i t u  crude sha le  
o i l ,  and pentane- insolub le m a t e r i a l  separated from the  crude w i t h  a 325-mesh 
screen were found to  be s t rong  e m u l s i f y i n g  agents f o r  sha le  o i l / w a t e r  m ix tu res .  
The to luene-so lub le  and ch lo ro fo rm-so lub le  p o r t i o n s  o f  pen tane- inso lub le  m a t e r i a l  
separated from the  crude w i t h  t h e  screen d i d  n o t  promote emulsions when mixed i n  
gas o i l s  a t  room temperature, bu t  when heated t o  32OoC f o r  one -ha l f  hour  w i t h  t h e  
o i l  they acted as s t rong  e m u l s i f y i n g  agents. 

The s tudy showed t h a t  c e r t a i n  p a r t s  o f  t h e  o i l  have l i t t l e  e m u l s i f y i n g  power 
when mixtures c o n t a i n i n g  them a r e  k e p t  a t  low temperatures, but  d i s p l a y  s t rong  
emu ls i f y ing  power when t h e  m ix tu res  a r e  heated t o  32OoC. 
the  p o s s i b i l i t y  t h a t  c o o l i n g  t h e  f r e s h l y - r e t o r t e d  o i l  as r a p i d l y  as p o s s i b l e  a f t e r  
i t  i s  r e t o r t e d  may be a method of decreas ing t h e  format ion o f  emulsions. 

Th is  f i n d i n g  suggests 
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Several p o s s i b i l i t i e s  suggest themselves concern ing why t h e  s o l v e z t - s o l u b l e  
m a t e r i a l s  act  as e m u l s i f y i n g  agents a f t e r  they have been heated t o  320 C i n  gas 
o i l ,  b u t  no conc lus ions  have been drawn. These s o l u b l e  m a t e r i a l s  were a l l  separ- 
a ted f rom the i n s o l u b l e  m a t e r i a l s  by f i l t r a t i o n  through a f r i t t e d - g l a s s  funnel  
d u r i n g  t h e i r  p repara t i on .  T h i s  f a c t  i s  f u r t h e r  evidence t h a t  a l a r g e  p r o p o r t i o n  
o f  t h e  emulsions i n  sha le  o i l  a r e  caused by o rgan ic  emu ls i f y ing  agents; however, 
i t  does no t  e n t l r e l y  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  i no rgan ic  m a t e r i a l s  a l s o  p lay  a 
p a r t  i n  t h e  fo rma t ion  o f  some emulsions. 

F i l t e r i n g  t h e  raw, wet crude o i l  through a 325-mesh screen was an e f f e c t i v e  
method o f  break ing t h e  o i l / w a t e r  emulsion so  t h e  water  would e a s i l y  s e t t l e  o u t  
w i t h  the a p p l i c a t i o n  of  moderate heat ;  however, t h e  o i l  used was ove r  a year  o l d  
a t  t h e  t ime  o f  f i l t e r i n g .  The method should be t e s t e d  on severa l  f r e s h l y - r e t o r t e d  
crude o i l s  t o  determine i t s  e f f e c t i v e n e s s .  
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TABLE 1. - P r o p e r t i e s  o f  Pentane-Insoluble F rac t i ons  From F i l t e r e d ,  
D r ied  I n  S i t u  Crude 

~~~ ~ 

Source 

D i s t i l  l a t i o n  F i  1 t e r e d  +325 Mesh From 
Res i d u m  Crude Raw Crude 

Ex t rac t  i o n  r a t  i o  20: 1 15:l 40:l 1O:l 

W t .  % o f  d r y  crude 3.8 3.6 2.8 1.3 
(as pentane inso lub le )  

Carbon, w t . %  
Hydrogen, wt. % 
Ni t rogen,  w t .  % 
Su l fu r ,  w t .  % 
Oxygen + m i n e r a l  
(by d i f f . )  
C/H w t .  r a t i o  
Ash, w t .  % 
Mol. w t .  

78.80 79.76 78.76 71.42 
7.63 8.09 7.66 6.77 
3.59 3.95 4.53 4.26 
1.42 2.78 3.18 7.15 
8.56 5.42 5.87 10.40 

10.32 9.86 10.28 10.55 
1.02 0.82 I /  I /  
1000 457 IT35 9T8 

- 1 /  Not y e t  a v a i l a b l e .  
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