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©  Process  for  the  removal  of  solids  from  an  oil  and  mixture  useful  therefor. 
  A  process  for  removing  suspended  solids,  particularly 
difficultly  filterable  inorganic  solids,  from  hydrocarbon  oils 
such  as  those  obtained  as  a  refinery  process  bottom  fraction 
from  both  steam  and  catalytic  cracking  units  or  from  coal 
conversion  processes  (e.g.,  coal  tar)  by  adding  to  the  oil  an 
agglomerating  agent  comprising  a  mixture  of  a  water- 
soluble  polyelectrolyte  and  a  water-soluble  demulsifier  such 
as  an  oxyaikylated  phenol  formaldehyde  resin  glycol  ester 
whereby  said  solids  are  clustered  together  into  readily 
filterable  agglomerates. 



This  i n v e n t i o n   is  concerned  g e n e r a l l y   with  the  removal  o f  

suspended  s o l i d s   from  an  o i l .   More  p a r t i c u l a r l y   it  r e l a t e s   to  a 

p rocess   for   p r o d u c i n g  a   s o l i d s - r e d u c e d   hydrocarbon   oil   in  which  

s u s p e n d e d  s o l i d s   in  the  oil  are  agglomerated   by  adding  t o  t h e   oi l   a 
mix ture   of  s o l i d s - a g g l o m e r a t i n g   agents  compr i s ing   a  d e m u l s i f y i n g  

agent  and  a  polymer  and  t h e r e a f t e r   s e p a r a t i n g   the  a g g l o m e r a t e d  s o l i d s  

from  the  o i l .  

A  number  of  p roce s se s   in  pe t roleum  p r o d u c t i o n   and  r e f i n i n g ,  
c o a l  c o n v e r s i o n   and  the  chemicals   i n d u s t r y   produce  as  b y - p r o d u c t s  
l i qu id   h y d r o c a r b o n s   c o n t a i n i n g   i n s o l u b l e   so l id   p a r t i c l e s   o f t e n t i m e s  

in  the  form  of  f i n e l y   d iv ided   suspended  i n o r g a n i c   s o l i d s .  

Among  the  p r o c e s s e s   which  produce  l i q u i d   hydrocarbons  c o n -  

t a i n i n g   a p p r e c i a b l e   amounts  of  f i n e l y   d iv ided   suspended  so l ids   a r e  

steam  c r a c k i n g ,   c a t a l y t i c   c r a c k i n g ,   coal  g a s i f i c a t i o n ,   coke  p r o d u c -  

t i o n ,   and  l i q u e f i c a t i o n   of  coa l .   Steam  c rack ing   produces  a  s t e a m  

c rack ing   t a r   which  c o n t a i n s   i n s o l u b l e  p a r t i c l e s   of  coke  g e n e r a l l y   a t  

a  level   of  0 . 0 0 1  t o   5.25%  with  the  remainder   being  useful   heavy  

l i qu id   h y d r o c a r b o n s . . C a t a l y t i c   c racking   produces   cat  c racker   b o t t o m s  

which  c o n t a i n   c a t a l y s t   f i n e s   g e n e r a l l y   at  a  level   of  0.1  to  5  w t .  X  

with  the  r ema inde r   being  usefu l   heavy  l i q u i d   hydroca rbons .   L i q u e -  

f i c a t i o n   of  c o a l ,   such  as  by  the  donor  so lven t   t e chn ique   as  d e s c r i b e d  

in  U.S.  P a t e n t s   4 ,085 ,031 ;   4 ,253,937;   4 ,048 ,054   and  4 , 0 4 5 , 3 2 8 ,  

produces  a  s o l v e n t - c o a l   s l u r r y   c o n t a i n i n g   i n s o l u b l e   p a r t i c l e s .   O t h e r  

l i q u i d s   from  coal  are  produced  in  i ts   c o n v e r s i o n   p rocesses   by,  f o r  

example,  in  i t s   g a s i f i c a t i o n ,   coke  p r e p a r a t i o n   and  o ther   p r o c e s s e s  

i nvo lv ing   the  p y r o l y s i s   of  coa l .   These  l i q u i d   hydrocarbon  s t r e a m s  

c o n t a i n   i n s o l u b l e   p a r t i c l e s   which  are  d e s i r a b l y   removed  or  reduced  i n  

level   to  al low  for   t h e i r   use  as  a  fuel  oil  or  as  a  f eeds tock   f o r  

producing  o the r   p r o d u c t s .  

These  l i q u i d  h y d r o c a r b o n   streams  o f t e n t i m e s   are  routed  to  a 

s e t t l i n g   tank  wherein  the  so l id   p a r t i c l e s   ( c a t a l y s t   f i ne s ,   c o k e ,  

i n o r g a n i c   m a t t e r ,   are  allowed  to  g r a v i t y   s e t t l e   over  an  e x t e n d e d  

per iod   of  time  whereby  an  upper  layer   of  s u b s t a n t i a l l y   p a r t i c l e - f r e e  

l i q u i d   hyd roca rbons   can  be  decanted  off  for   p roduc t   use.  S e t t l i n g   o f  



the  p a r t i c l e s   may  also  be  p rov ided   for   in  i n t e r m e d i a t e   or  s h i p p i n g  

t a n k s .   U n f o r t u n a t e l y   g r a v i t y   s e t t l i n g   is  too  slow  for  the  r e f i n e r y ,  

coal  c o n v e r s i o n   and  chemical   p r o c e s s e s   now  in  u s e .  

Improved  t e c h n i q u e s   which  are  in  use  i nc lude   e l e c t r o f i l -  

t r a t i o n ,   f i l t r a t i o n   and  c e n t r i f u g a l   s e p a r a t i o n .   The  l a t t e r   two 

approaches   appear  to  have  a  low  c a p a c i t y   or  t h r o u g h p u t   and  a  h i g h  

c a p i t a l   cos t .   E l e c t r o f i l t r a t i o n   was  hand icapped   by  lack  of  a  r e g e n -  
e r a b l e   f i l t e r   media  which  is  s t a t e d   to  have  been  overcome  by  the  u s e  

of  hard,   smooth  s p h e r i c a l   g l a s s   beads  as  t augh t   in  U.S.  P a t e n t s  

3 ,799 ,855   and  3 ,799 ,856 .   U n f o r t u n a t e l y   t he se   t e c h n i q u e s   are  f u r t h e r  

l i m i t e d   s ince  the  t y p i c a l   o i l - s u s p e n d i b l e   s o l i d s   have  average  d i a -  

meters   of  s ize  below  about  100  microns  (commonly  d e s c r i b e d   i n  t h e   a r t  

as  d i f f i c u l t l y   f i l t e r a b l e   ' s o l i d s )   which  s ize   makes  s a t i s f a c t o r y  

s e p a r a t i o n   by  mechanica l   s e p a r a t i o n   t e c h n i q u e s ,   i n c l u d i n g   f i l t r a t i o n ,  

c e n t r i f u g a t i o n   and  s e t t l i n g   d i f f i c u l t   to  i m p o s s i b l e .  

Chemical  t r e a t m e n t s   for   oil  c o n t a i n i n g   suspended  s o l i d s   have  

been  proposed  in  the  a r t   but,   in  g e n e r a l ,   each  method  s u f f e r s   f rom 

some  d i s a d v a n t a g e   as  seen  from  the  p r i o r   a r t   d i s c u s s i o n   of  U.S .  

Pa ten t   4 ,094 ,770   wherein   the  p a t e n t e e   has  t augh t   a  p rocess   f o r  

s e p a r a t i n g   suspended  u n f i l t e r a b l e   p a r t i c u l a t e   s o l i d s   from  an  oil  by 

agg lomera t i ng   the  s o l i d s   by  means  of  an  a g g l o m e r a t i n g   agent  c o m p r i s -  

ing  a  mixture   of  ace tone   and  2 - b u t a n o n e .  

In  U.S.  Pa ten t   4 , 0 2 9 , 5 6 7   an  a g g l o m e r a t i n g   agent ,   e s p e c i a l l y  

e thano lamine   is  used  to  help  s e p a r a t e   the  mineral   s o l i d s   and  u n d i s -  

so lved  coal  p a r t i c l e s   from  a  s o l u t i o n   of  coal  l i q u e f i c a t i o n   p r o d u c t s .  

Grav i ty   s e t t l i n g   can  a lso  be  enhanced  by  the  p resence   of  a 

s u r f a c e - a c t i v e   agent  as  t augh t   in  U.S.  2 ,952 ,620   wherein  so l id   p a r -  

t i c l e s   of  a  s i l i c a - a l u m i n a   c r a c k i n g   c a t a l y s t   suspended  in  a ' heavy   g a s  

oi l   was  s e p a r a t e d   from  the  oi l   by  t r e a t i n g   the  suspens ion   with  an 

aqueous  s o l u t i o n   of  a  non ion ic   s u r f a c e - a c t i v e   agent ,   e . g . ,   a  c o n d e n -  

s a t i o n   product   of  d i i s o b u t y l   phenol  and  9-10  moles  o f - e t h y l e n e   o x i d e .  

Grav i ty   s e t t l i n g   can  be  induced  by  use  of  a  s e t t l i n g   v e s s e l  

in  which  the  hydrocarbon   oil  c o n t a i n i n g   the  s o l i d s   is  s u b j e c t e d   to  a 

t e m p e r a t u r e   g r a d i e n t   (see  U.S.  4 , 0 4 8 , 0 6 3 ) .  

Japanese  Pub l i shed   Pa ten t   A p p l i c a t i o n   53-34806  of  1978 

r e g e n e r a t e s   used,  i r o n - c o n t a m i n a t e d   l u b r i c a t i n g   oil  by  the  a d d i t i o n  

of  w a t e r - s o l u b l e   polymers   as  w a t e r - i n - o i l   emuls ions   to  coagu l a t e   t h e  

iron  whereby  i t   becomes  s u i t a b l e   for  mechanica l   r e m o v a l .  



The  d e d u s t i n g   of  s o l i d s - c o n t a i n i n g   hydrocarbon  o i l s   such  as  
t hese   der ived  from  oil   sha le   is  accomplished  by  the  use  of  v a r i o u s  

s u r f a c e   a c t i ve   agents   (see  U.S.  4 , 4 0 7 , 7 0 7 ) .  

The  use  of  g r a v i t y   s e t t l i n g   a d d i t i v e s   and  t e c h n i q u e s   have  

enhanced  the  s e t t l i n g   r a t e   whereby  g r a v i t y   s e t t l i n g   became  a  f e a s i b l e  

method  for  removal  of  suspended  s o l i d s   r e q u i r i n g   l i t t l e   a d d i t i o n a l  

c a p i t a l   i nves tmen t ,   a  m e c h a n i c a l l y   simple  o p e r a t i o n   and  r e a d i l y  

modi f i ed   by  change  of  the  a d d i t i v e .  

It  is  the  o b j e c t   of  t h i s   i nven t ion   to  enhance  the  g r a v i t y  

s e t t l i n g   ra te   of  suspended  s o l i d s   from  hydrocarbon  o i l s   by  use  of  an 

improved  agg lomera t i on   aid  alone  or  in  combina t ion   with  o t h e r  

a d d i t i v e s .  

In  accordance   with  the  ob jec t   of  th is   i n v e n t i o n ,   t he re   i s  

provided  a  p rocess   fo r   reducing   the  so l i d s   con ten t   of  a  h y d r o c a r b o n  

oil   f r a c t i o n   c o m p r i s i n g :  

p rov id ing   a  hydrocarbon  oil  f r a c t i o n   having  a  so l ids   c o n t e n t  

g r e a t e r   than  0.02  weight   pe rcen t   and  bo i l i ng   in  the  range  of  f r o m  

about  200°C  to  a b o u t . 5 5 0 ° C ;  

t r e a t i n g   said  f r a c t i o n   with  at  l eas t   10  weight  pa r t s   p e r  
m i l l i o n   of  a  d e m u l s i f i e r ,   p r e f e r a b l y   an  o x y a l k y l a t e d   phenol  f o r m a l -  

dehyde  res in   glycol   e s t e r   and  at  l e a s t   10  ppm  of  a  w a t e r - s o l u b l e  

p o l y e l e c t r o l y t e   having  a  Mw  of  from  1,000  to  25 ,000 ,000 ;   and ,  

r ecove r ing   a  deashed  hydrocarbon  oil  po r t i on   having  a 
reduced  ash  con ten t   of  f i l t e r a b l e   s o l i d s .  

It  has  been  d i s c o v e r e d   tha t   the  r e s idua l   hydrocarbon  o i l s  

from  petroleum  and  coal  conve r s ion   p r o c e s s e s ,   for  example,  h y d r o -  

carbon  o i l s   b o i l i n g   in  the  range  of  about  200°C  to  550°C,  can  be 

r e a d i l y   reduced  in  s o l i d s ,   p r e f e r a b l y   inorgan ic   s o l i d s ,   content   to  an 

oi l   having  less   than  500  weight  pa r t s   per  mi l l i on   (WPPM)  of  f i l t e r -  

able  so l ids   when  a d m i x e d  w i t h   from  25  to  1000,  p r e f e r a b l y   50  to  250 

ppm  of  a  mixture  of  an  e t h o x y l a t e d - p r o p o x y l a t e d   C 4-C9  a l k y l  

phenol  formaldehyde  r e s i n   glycol   e s t e r   of  2,000  to  15,000  w e i g h t  

average  of  molecu la r   weight  (Mw)  and  a  w a t e r - s o l u b l e   p o l y e l e c t r o l y t e  

of  1,000  to  25 ,000 ,000   Mw  at  a  t e m p e r a t u r e   of  from  35  to  210°C  and 

al lowed  to  g r a v i t y   s e t t l e   for   from  0.3  to  10  d a y s .  



The  d e m u l s i f i e r   a g g l o m e r a t i o n   aid  is  p r e f e r a b l y   of  the  c l a s s  

of  o x y a l k y l a t e d   phenol  f o r m a l d e h y d e   r e s i n   g lycol   e s t e r s   of  Rw  r a n g i n g  
from  500  to  50,000,  p r e f e r a b l y   2,000  to  15,000,   o p t i m a l l y   5,000  t o  

8 , 0 0 0 .   The  optimal  is  the  r e a c t i o n   p roduc t   of  a  phenol  f o r m a l d e h y d e  

r e s i n   and  p ropylene   oxide  which  product   is  then  r e a c t e d   with  e t h y l e n e  

ox ide   and  f i n a l l y   e s t e r i f i e d   as  by  r e a c t i o n   with  male ic   anhydr ide   o r  
s u c c i n i c   anhydr ide ,   which  c o l l e c t i v e l y   is  d e s i g n a t e d   he re in   as  a 

s u c c i n a t e .  

The  w a t e r - s o l u b l e   p o l y e l e c t r o l y t e s   are  mac romolecu l a r   and 

g e n e r a l l y   of  1,000  to  25  m i l l i o n ,   p r e f e r a b l y   10,000  to  15  m i l l i o n ,   i n  

m o l e c u l a r   weight  and  p r e f e r a b l y   of  a  combined  w a t e r - p o l y e l e c t r o l y t e  

a g g r e g a t e   s ize   of  0.5  to  50  microns   such  as  would  be  e x h i b i t e d   by 
w a t e r - i n - o i l   emuls ions   of  w a t e r - s o l u b l e   vinyl   a d d i t i o n   polymers  of  Mw 

r a n g i n g   from  10,000  to  25  m i l l i o n .   These  p o l y e l e c t r o l y t e s   i n c l u d e  

the   c a t i o n i c ,  n o n i o n i c   and  a n i o n i c   t y p e s .  

P r e f e r r e d   is  a  c a t i o n i c   p o l y e l e c t r o l y t e   polyamine  such  as  a 

Mannich  amine  polymer  or  a  p a r t i a l l y   q u a t e r n i z e d   t e r t i a r y   amine  

p o l y m e r .  

Within  the  steam  c r a c k i n g   r e a c t i o n   or  the  c a t a l y t i c   c r a c k i n g  

r e a c t o r ,   the  l i q u i d   hyd roca rbon   f e e d s t o c k   is  s u b j e c t e d   to  t h e  

p r o c e s s i n g   c o n d i t i o n s   of  e l e v a t e d   t e m p e r a t u r e   and  sometimes  e l e v a t e d  

p r e s s u r e   to  accompl ish   the  d e s i r e d   c r a c k i n g .   The  r e s u l t a n t   e f f l u e n t  

of  the  r e a c t o r   is  then  f r a c t i o n a t e d   in to   the  d e s i r e d   f r a c t i o n s   o f  

g a s e s ,   l i gh t   l i qu id   h y d r o c a r b o n s   and  heavy  l i q u i d   h y d r o c a r b o n s ,   w i t h  

the   h e a v i e s t   and  h i g h e s t   b o i l i n g   f r a c t i o n   being  the  steam  c r a c k e r   t a r  

or  from  a  c a t a l y t i c   c r a c k e r   which  c o n t a i n   the  i n s o l u b l e   p a r t i c l e s .  

The  coal  l i q u e f i c a t i o n   p r o c e s s   i nvo lves   c o n t a c t i n g   p a r t i c u l a t e  c o a l  

wi th   a  hydrogen  ( e . g . ,   a  hydrogen  donor  s o l v e n t )   under  l i q u e f i c a t i o n  

c o n d i t i o n s   producing  a  hydrocarbon   s t ream  c o n t a i n i n g   i n s o l u b l e  

p a r t i c l e s .   The  hydroca rbvon   s tream  can  be  f r a c t i o n a t e d   to  p r o d u c e  

g a s e s ,   l i g h t   l i qu id   h y d r o c a r b o n s   and  heavy  l i q u i d   hydroca rbons   w i t h  

the   h e a v i e s t   f r a c t i o n   being  the  bottoms  c o n t a i n i n g   the  p a r t i c l e s .  

Other   l i q u i d s   from  coal  are  produced  by  c o a l   conve r s ion   p r o c e s s  

u t i l i z i n g   the  p y r o l y s i s   of  c o a l .  

The  g a s i f i c a t i o n   of  low-BTU  coal  to  supply  fuel  gas  f o r  

b o i l e r s ,   k i lns   and  p r o c e s s   f u r n a c e s   was  widespread   un t i l   low  c o s t  

n a t u r a l   gas  became  a v a i l a b l e :   T h e  n a t u r a l   gas  c u r t a i l m e n t s   in  t h e  



e a r l y   1970's  along  with  the  r ap id   r i s e   in  na tu ra l   gas  p r i c e s   h a v e  

reawakened  i n t e r e s t   in  i n d u s t r i a l   coal  g a s i f i c a t i o n   to  p rov ide   f u e l  

gas  for  ki ln   o p e r a t i o n s ,   heat   t r e a t i n g   f u r n a c e s ,   b o i l e r s   and 

i n d u s t r i a l   h e a t i n g .   The  g a s i f i c a t i o n   process   y i e l d s   a  hot  raw 

p r o d u i c e r   gas  which  upon  quenching   y i e l d s   varying  amounts  of  c o a l  

t a r .   Since  the  coal  t a r   has  wide  i n d u s t r i a l   a p p l i c a t i o n s   both  f o r  

t a r - b a s e d   chemical  a n d - p h a r m a c e u t i c a l   p r o d u c t s   and  for   f u e l s ,   i t   i s  

h igh ly   d e s i r a b l e   to  reduce  the  i n o r g a n i c   ash  con ten t   of  these   t a r s .  

S i m i l a r l y ,   in  the  p r o d u c t i o n   of  coke,  the  gas  de r ived   from  t h e  

c a r b o n i z a t i o n   of  the  coal  into  coke  can  conta in   s i g n i f i c a n t   amounts  

of  coal  ta r   which  is  r ecove red   and  s i m i l a r l y   p r o c e s s e d .  

Thus,  t h i s   i n v e n t i o n   b road ly   t r e a t s   any  l i q u i d   h y d r o c a r b o n  

stream  c o n t a i n i n g   i n s o l u b l e '   s o l i d s   or  p a r t i c l e s ,   p a r t i c u l a r l y   f i n e  

i n o r g a n i c   s o l i d s   and  l i qu id   hydroca rbons   to  remove  or  s u b s t a n t i a l l y  

reduce  the  s o l i d s   con t en t   of  the  hydrocarbon  oil  and  is_  p a r t i c u l a r l y  

a p p l i c a b l e   to  o i l s   c o n t a i n i n g   f i n e l y   d iv ided   suspended  s o l i d s .  

F ine ly   d iv ided   o i l - s u s p e n d e d   s o l i d s ,   in  g e n e r a l , ,   a r e  

e f f e c t i v e l y   removed  from  the  oil   by  the  process   o f  t h e   i n v e n t i o n .  

Those  common  p r o p e r t i e s   which  engender   oil  s u s p e n d a b i l i t y   of  t h e s e  

p a r t i c l e s ,   for   example,  p a r t i c l e   s i z e ,   d e n s i t y ,   charge  and  the  l i k e ,  

are  also  be l i eved   to  render   them  s u s c e p t i b l e   to  e f f e c t i v e   a g g l o m e r a -  

t ion   and  removal  by  the  p r e s e n t   p rocess .   R e p r e s e n t a t i e   s o l i d s  

inc lude   mineral   a sh - fo rming   i m p u r i t i e s ,   coal  coke,  c a r b o n a c e o u s  

s o l i d s ,   c a t a l y s t   and  s p e n t  s h a l e   f i n e s ,  n a t u r a l   and  s y n t h e t i c   m i n e r a l  

ox ide s ,   o rganic   and  i n o r g a n i c   s a l t s   a n d  m i x t u r e s   t h e r e o f   and  the  l i k e  

in  p a r t i c u l a t e   form  and  for   the  u n f i l t e r a b l e   so l i d s   s ized  in  t h e  

average  d iameter   range  below  about  100  microns,   e s p e c i a l l y   be low 

about  60  m i c r o n s .  

R e p r e s e n t a t i v e   s u s p e n d e d - s o l i d s - c o n t a i n i n g   o i l s   s u i t a b l e   f o r  

use  here in   i nc lude   shale   o i l ,   coal  l i q u e f a c t i o n   o i l s   as  from  e x t r a c -  

t i o n ,   h y d r o g e n a t i o n ,   thermal   t r e a t m e n t   and  combinat ions   t h e r e o f ,   c o a l  

t a r s   from  coke  m a n u f a c t u r e ,   t a r   sand  o i l s ,   petroleum  r e f i n e r y   d e c a n t  

o i l s ,   o i l s   from  a  f l u i d   c a t a l y t i c   c rack ing   process   u n i t ,   r e s i d s ,   and 

l ike   o i l s   with  all   having  less   than  about  10  weight  p e r c e n t   of  w a t e r .  

T h e s e   hydrocarbon  o i l s   are  most  e f f e c t i v e l y   t r e a t e d   by  t h e  

i n v e n t i o n   when  the  f r a c t i o n   t r e a t e d   bo i l s   in  the  r a n g e  o f   200°C  t o  

550°C  and  has  a  t o t a l   i n s o l u b l e   s o l i d s   conten t   g r e a t e r   than  a b o u t  



1,000  WPPM,  e . g . ,   from  1,000  to  50,000  WPPM  more,  normally  an  i n s o l -  

uble   s o l i d s   con ten t   in  the  range  of  2,000  to  10,000  WPPM. 

The  Agg lomera t ion   Aid 

A  prime  f e a t u r e   of  the  p r e s e n t   p rocess   is  the  d i s c o v e r y   of  a 

un ique   s o l i d s - a g g l o m e r a t i n g   agent   which  is  enhanced  in  f u n c t i o n   in  a 

h y d r o c a r b o n   oil  system  by  the  p r e s e n c e   of  a  w a t e r - s o l u b l e   m a c r o -  

m o l e c u l a r   p o l y e l e c t r o l y t e .   A  s o l i d s - a g g l o m e r a t i n g   a d d i t i v e ,   to  be  

u s e f u l   and  e f f e c t i v e   in  t h i s   s e r v i c e ,   must  promote  e s s e n t i a l l y  

comple t e   removal  of  s o l i d s   from  an  oil   and  at  the  same  time  mus t  

l eave   the  oil  v i r t u a l l y   i n t a c t .   In  g e n e r a l ,   known  so lven ts   employed  

for   r e c o v e r i n g   so l i d s   from  an  oi l   do  not  meet  the  l a t t e r   r e q u i r e -  

ment.   The  f a i l u r e   of  these   s o l v e n t s   is  m a n i f e s t   in  t h e i r   i n a b i l i t y  

to  e f f e c t i v e l y   s o l u b i l i z e   both  p a r a f f i n i c - t y p e   hydrocarbons   and 

a s p h a l t e n e - t y p e   hyd roca rbons .   Of  c o u r s e ,   it  must  b e  a p p a r e n t   t h a t  

the  most  d i f f i c u l t l y   f i l t e r a b l e   s o l i d s   are  the  inorgan ic   p a r t i c l e s  

fo r   which  the   so lven t   approach  is  of  no  va lue .   In  a d d i t i o n ,   an 

a p p r e c i a b l e   po r t ion   of  t h e  o i l   is  u s u a l l y   r e j e c t e d   (a  loss  to  t h e  

p r o c e s s   of  d e s i r a b l e   p roduc t   p r e c u r s o r s )   in  the  form  of  t a cky   o r  

f l o c c u l e n t   s o l i d s .  

It  has  been  d i s c o v e r e d   t h a t   the  i n t r o d u c t i o n   of  a  mix tu re   o f  

a  p o l y e l e c t r o l y t e   such  as  a  c a t i o n i c   polyamine  polymer,  and  an 

o x y a l k y l a t e d   alkyl   phenol  f o r m a l d e h y d e   g lycol   res in   e s t e r   of  JRw 

r a n g i n g   from  500  to  50,000,   p r e f e r a b l y   2,000  to  15,000,  o p t i m a l l y  

from  5,000  to  8,000,  i n t o  a   s o l i d s   c o n t a i n i n g   hydrocarbon  oi l   i n  

amounts  ranging   from  10  to  1 ,000,   p r e f e r a b l y   25  to  250,  ppm  based  on 

the  we igh t   of  said  oil  markedly   enhances   the  g r a v i t y   s e t t l i n g   of  s a i d  

s o l i d s   so  tha t   in  from  0.3  to  10  days  the  s o l i d s   content   of  sa id   o i l  

is  reduced   to  less  than  about  500  WPPM.  P r e f e r r e d   for   use  as  a 

d e m u l s i f i e r   agg lomera t ion   aid  is  an  e t h o x y l a t e d   p r o p o x y l a t e d  

C4-C9  alkyl   phenol  f o r m a l d e h y d e   r e s i n   e s t e r   of  a  C4-C10 
d i c a r b o x y l i c   acid  anhydr ide ,   e . g . ,   male ic   or  succ in ic   a n h y d r i d e ,  

admixed  with  an  equal  weight  amount  of  a  Mannich  amine  p o l y e l e c -  

t r o l y t e   such  as  a  c o n d e n s a t i o n   p roduc t   of  p o l y a c r y l a m i d e ,   f o r m a l -  

dehyde  and  d i m e t h y l a m i n e .  

These  d e m u l s i f i e r s   u s e f u l   in  the  p rocess   of  t h i s   i n v e n t i o n  

i n c l u d e   both  water  and_oi l   s o l u b l e   p r o d u c t s .   They  are  well  known  i n  

the  a r t ,   and  inc lude ,   fo r   example ,   o x y a l k y l a t e d   amines,  a l k y l a r y l  

s u l f o n i c   acid  and  s a l t s   t h e r e o f ,   o x y a l k y l a t e d   phenol ic   r e s i n s ,  



po lymer ic   amines,   glycol   r e s i n   e s t e r s ,   p o l y o x y a l k y l a t e d   g l y c o l  

e s t e r s ,   f a t t y   acid  e s t e r s ,   o x y a l k y l a t e d   p o l y o l s ,   low  molecu la r   w e i g h t  

o x y a l k y l a t e d   r e s i n s ,   b i sphenol   g lycol   e t h e r s   and  e s t e r s   and 

p o l y o x y a l k y l e n e   g l y c o l s .   This  e n u m e r a t i o n   is ,   of  cour se ,   n o t  

e x h a u s t i v e   and  o the r   d e m u l s i f y i n g   agen t s   or  mixtures   t h e r e o f   w i l l  

occur   to  one  s k i l l e d   in  the  a r t .   Most  d e m u l s i f i e r s   which  a r e  

c o m m e r c i a l l y   a v a i l a b l e '   f a l l   in to  chemical   c l a s s i f i c a t i o n s   such  a s  

those   enumerated  above  in  which  the  Mw  g e n e r a l l y   ranges  from  500  t o  

5 0 , 0 0 0 .  

The  p r e f e r r e d   d e m u l s i f i e r s   fo r   t h i s   i nven t ion ,   glycol  r e s i n  

e s t e r s   are  de r ived   from  alkyl  phenol  formaldehyde  r e s in s   h a v i n g  

m o l e c u l a r   weights   of  500  to  50,000  which  are  a lkoxy la ted   and  t h e r e -  

a f t e r   e s t e r i f i e d   by  r e a c t i o n   with  an  e t h y l e n e i c a l l y   u n s a t u r a t e d  

d i c a r b o x y l i c   acid  or  anhydride   such  as  male ic   anhydride.   Such  g l y c o l  

r e s i n   e s t e r s   are  t y p i f i e d   by  an  o x y a l k y l a t e d   C4-C9  alkyl  pheno l  

fo rma ldehyde   glycol   r e s i n   e s t e r s   having  a  Mw  within  the  range  of  500 

to  50,000,   p r e f e r a b l y   2,000  to  15,000.  - 

The  b i spheno l   glycol  e t h e r s   and  e s t e r s   are  ob ta ined   by  t h e  

a l k o x y l a t i o n   of  b i spheno l   A  to  m o l e c u l a r   weights   of  from  3,000  t o  

5,000  and  for   the  e s t e r s   the  e t h e r   p roduc t s   are  e s t e r i f i e d   by 

f e a c t i o n   with  o r g a n i c  a c i d s   such  as  a d i p i c ,   a c e t i c ,   oxa l i c ,   b e n z o i c ,  

and  s u c c i n i c   i n c l u d i n g   maleic  a n h y d r i d e .  

The  s a l t s   of  alkyl  aryl  s u l f o n i c   acids  include  those  o f  

ammonium,  sodium,  ca lc ium,   and  l i t h i u m .   The  useful  alkyl  a r y l  

s u l f o n i c   acids   can  be  ob ta ined   by  the  s u l f o n a t i o n   of  alkyl  s u b s t i -  

t u t e d   a romat ic   hydrocarbons   such  as  t hose   ob ta ined   from  the  f r a c t i o n -  

a t i on   of  pe t ro l eum  by  d i s t i l l a t i o n   and /or   e x t r a c t i o n   or  by  t h e  

a l k y l a t i o n   of  a romat ic   hydrocarbons   as,  for   example,  those  o b t a i n e d  

by  a l k y l a t i n g   benzene;   t o l u e n e ,   xy l ene ,   n a p h t h a l e n e ,   diphenyl  and  t h e  

halogen  d e r i v a t i v e s   such  as  c h l o r o b e n z e n e ,   c h l o r o t o l u e n e   and  c h l o r o -  

n a p h t h a l e n e .   The  a l k y l a t i o n   may  be  c a r r i e d   out  in  the  presence  of  a 

c a t a l y s t   with  a l k y l a t i n g   agents   having  from  about  3  to  about  15,  

p r e f e r a b l y   9-12,  carbon  atoms.  P r e f e r r e d   s u l f o n i c   acids  are  t h o s e  

o b t a i n e d   by  the  s u l f o n a t i o n   of  h y d r o c a r b o n s   prepared  by  the  a l k y l -  

a t i on   of  benzene  or  t o l u e n e .   The  a l k a r y l   s u l f o n a t e s   con ta in   f r o m  

7-21  carbon  atoms,  p r e f e r a b l y   from  15-18  carbon  atoms  per  alkyl  s u b -  

s t i t u t e d   a romat ic   m o i e t y .  



Oxya lky la t ed   amines  are  r e p r e s e n t e d   by  the  e t h y l e n e   o x i d e ,  

p ropy lene   oxide  and  mix tures   of  e t h y l e n e / b u t y l e n e   oxides  d e r i v a t i v e s  

of  o rgan ic   amines  such  as  e t h y l e n e   d iamine ,   e thyl   amine,  p r o p y l  

amine,  a n i l i n e   and  a lky lene   p o l y a m i n e s .  

P o l y e l e c t r o l y t e s   as  used  h e r e i n   r e f e r   to  a  polymer  w a t e r -  

s o l u b l e   or  w a t e r - d i s p e r s i b l e   which  c o n t a i n s   p o l y i o n s .   The 

p o l y e l e c t r o l y t e s   have  m o l e c u l a r   we igh t s   ranging  from  1,000  to  25 

m i l l i o n   with  those   having  (Mw)'s  in  excess   of  0.5  m i l l i o n   p r e f e r r e d .  

For  use  in  t h i s   i n v e n t i o n ,   the  p o l y e l e c t r o l y t e   may  be  e i t h e r  

c a t i o n i c   or  an ion ic   and,  in  some  i n s t a n c e s ,   the  ionic   charges   a r e  

s u f f i c i e n t l y   s l i g h t   so  t ha t   the  polymers  may  be  c o n s i d e r e d   a s  

n o n i o n i c .   For  example,  w a t e r - s o l u b l e   polymers  and  copolymers  o f  

a l l y l ,   d i a l l y   amines,  'or  d i m e t h y l a m i n o e t h y l m e t h a c r y l a t e   a r e  

c a t i o n i c .   Polymers  such  as  p o l y v i n y l   a lcohol   are  . non ion i c ,   and 

polymers  such  as  p o l y a c r y l i c   acid   or  p o l y s t y r e n e   s u l f o n a t e s   a r e  

a n i o n i c .   All  of  these   polymers   are  cons ide r ed   u s e f u l  

p o l y e l e c t r o l y t e s   and  may  be  used  in  the  p r a c t i c e   of  the  i n v e n t i o n .  

The  mo lecu la r   weight  of  the   p o l y e l e c t r o l y t e s   d e s c r i b e d   above  

may  vary  over  a  wide  range,   e . g . ,   1 , 0 0 0 - 2 5 , 0 0 0 , 0 0 0 ,   a l though  i t   i s  

p r e f e r r e d   to  use  n i t rogen   c o n t a i n i n g   (such  as  ac ry lamide)   p o l y m e r s  

whose  mo lecu l a r   weights   are  in  excess   of  1 ,000,000.   These  p o l y -  

e l e c t r o l y t e s   are  well  known  and  g e n e r a l l y   a v a i l a b l e   as  a r t i c l e s   o f  

commerce.  Thus  those  p o l y e l e c t r o l y t e s   which  have  u t i l i t y   in  com- 

b i n a t i o n   with  the  w a t e r - s o l u b l e   d e m u l s i f y i n g   agents   such  as  t h e  

a l k o x y l a t e d   e s t e r s   according  to  the   p roces s   of  t h i s   i n v e n t i o n   i n c l u d e :  

(a)  c a t i o n i c   types  such  a s :  

polymerized  e s t e r s   and  amides  of  a c r y l i c   or  m e t h a c r y l i c  

acid,   t ha t   c o n t a i n   pendant   c a t i o n i c   f u n t i o n a l i t i e s ;  

q u a t e r n i z e d   a  p a r t i a l l y   q u a r t e r n i z e d   Mannich  a m i n e s ;  

polymers  of  mono  or  d i a l k y l   d i a l l y l   ammonium  s a l t s ,   o r  

of  s u b s t i t u t e d   ana logs   t h e r e o f ,   or  t h e i r   c o p o l y m e r s  

with  nonionic   monomers  such  as  a c r y l a m i d e ;  

q u a t e r n i z e d   o x y a l k y l a t e d   p o l y a m i n e s ;  

q u a t e r n i z e d   p o l y a l k y l e n e   p o l y a m i n e s ;  

d i a l k y l a m i n e   h a l o h y d r i n   copo lymers ;   and ,  

d i a l k y l a m i n e   p o l y m e t h y l e n e d i h a l i d e   copolymers  ( a . k . a .  

i o n e n e s ) ;  



(b)  n o n i o n i c   types   such  a s :  

a c r y l a m i d e   p o l y m e r s ;  

po lymers   of  glycol   e s t e r s   of  a c r y l i c   or  m e t h a c r y l i c  

a c i d ;  

p o l y o x y e t h y l e n e ,   p o l y o x y a l k y l e n e s ,   or  c o p o l y m e r s  

t h e r e o f ;  

p o l y v i n y l a l c o h o l ,   or  o x y a l k y l a t e s   or  e s t e r s   t h e r e o f ;  

p o l y a l k y l e n e   polyamines ,   such  as  t e t r a e t h y l e n e  

p e n t a m i n e ;  

p o l y o x y a l k y l a t e d   p o l y a m i n e s ;  

p o l y s a c c h a r i d e s ,   c e l l u l o s e s ,   or  chemical  m o d i f i c a t i o n s  

t h e r e o f ,   such  as  c a r b o x y m e t h y l a t e s   or  h y d r o x y e t h y l a t e s ;  

.  Mannich  amine  condensa t i on   po lymers ;   and ,  

melamine  formaldehyde  c o n d e n s a t i o n   p o l y m e r s ;  

(c)  a n i o n i c   types  such  a s :  

p a r t i a l l y   hydrolyzed  p o l y a c r y l a m i d e ;  

p o l y a c r y l i c   or  p o l y m e t h a c r y l i c   acid  (sodium  or  o t h e r  

s a l t ) ;  

s u l f o n a t e d   p o l y s t y r e n e ,   s u l f o n a t e d   p o l y a l k y l s t y r e n e ,   o r  

copolymers   t h e r e o f   (sodium  or  o the r   s a l t ) ;   and ,  

(d)  po lyampho ly t e s   and  p o l y b e t a i n e s .  

One  c l a s s   of  p r e f e r r e d   p o l y e l e c t r o l y t e s   are  the  w a t e r -  

so lub le   vinyl   a d d i t i o n   polymers  which  are  well  known  in  the  a r t ,  

widely  d e s c r i b e d   in  the  l i t e r a t u r e ,   and  g e n e r a l l y   c o m m e r c i a l l y  

a v a i l a b l e   as  w a t e r - i n - o i l   emuls ions .   The  emuls ion  type  polymers  most  

commonly  used  in  i n d u s t r i a l   a p p l i c a t i o n s   are  acrylamide  p o l y m e r s  

which  i nc lude   p o l y a c r y l a m i d e   and  i t s   w a t e r - s o l u b l e   c o p o l y m e r i c  

d e r i v a t i v e s   such  as,  for  i n s t a n c e ,   a c r y l a m i d e - a c r y l i c   ac id ,   and 

a c r y l a m i d e - a c r y l i c   acid  s a l t   copolymers  which  conta in   from  a b o u t  

95-5%  by  weight  of  ac ry lamide .   Also  usefu l   are  copolymers  o f  

ac ry lamide   with  o the r   vinyl  monomers  such  as  maleic  a n h y d r i d e ,  

a c r y l o n i t r i l e ,   s t y r e n e   and  the  l i ke .   Other  w a t e r - s o l u b l e   v i n y l  

polymers  are  d e s c r i b e d   in  d e t a i l   in  the  f o l l o w i n g   U.S.  Patent   N o s . :  

3 ,418 ,237 ,   3 , 259 ,570   and  3 ,171,805.   These  polymers  may  be  p r o d u c e d  

by  any  known  method  of  conduct ing   p o l y m e r i z a t i o n   r e a c t i o n s .   Thus ,  

s o l u t i o n ,   s u s p e n s i o n   or  emulsion  p o l y m e r i z a t i o n   t echn iques   may  be  

used.  The  emuls ion  p o l y m e r i z a t i o n   g e n e r a l l y   produces  polymers  o r  



gums  having  c o n c e n t r a t i o n s   wi th in   the  range  of  0.1  to  20%  by  w e i g h t .  

The  aqueous  s o l u t i o n s   of  polymers  have  a  s o l u t i o n   c o n c e n t r a t i o n   o f  
0.2-2.0%  by  w e i g h t .  

The  w a t e r - i n - o i l   emuls ions   g e n e r a l l y   c o n t a i n   oil   to  w a t e r  

weight  range  of  5: i   to  1:10  with  p r e f e r r e d   emuls ions   being  p r e p a r e d  
in  the  r a t i o   of  2:1  to  1:10.  The  a g g r e g a t e   p o l y m e r - w a t e r   g e l - l i k e  

p a r t i c l e  i n   the  w a t e r - i n - o i l   emulsion  ranges   from  0.5  to  50  m i c r o n s  

in  d i a m e t e r .  

P a r t i c u l a r l y   useful   commerc ia l ly   a v a i l a b l e   r e p r e s e n t a t i v e s  

of  t h i s   c l a s s   are  p a r t i a l l y   q u a t e r n i z e d   amine  polymers   c o n s i s t i n g   o f  

complex  s t r u c t u r e s   of  1°,  2°  and  3°  amines,   and  o p t i o n a l l y   e p i -  

c h l o r o - h y d r i n .  

Another   c l a s s   of  p a r t i c u l a r l y   usefu l   p o l y e l e c t r o l y t e s   a r e  

the  w a t e r - s o l u b l e   Mannich  amine  polymers  of  the  gene ra l   f o r m u l a  

of  which  a  commercia l   r e p r e s e n t a t i v e   is  J a y f l o c ®  8 5 4   so l id   by  Exxon 

Chemical  Americas  of  Houston,  Texas .  

In  the  admix tu re   the  weight  r a t i o   of  d e m u l s i f i e r   to  p o l y -  

e l e c t r o l y t e   r anges   from  0 . 5 : 9 9 . 5   to  9 9 . 5 : 0 . 5 ,   p r e f e r a b l y   1:4  to  4 : 1 ,  

o p t i m a l l y   1:2  to  2 : 1 .  

In  the  event   t h a t   the  s o l i d s - c o n t a i n i n g   hydrocarbon   c o n t a i n s  

from  0.05  to  10  weight   pe rcen t   of  water ,   i t   is  u se fu l   to  supp lemen t  

the  a g g l o m e r a t i o n   aid  with  from  0.5  to  5  pa r t s   by  weight  of  a  w a t e r  

shedding  a d d i t i v e   fo r   each  par t   by  weight   of  said  agg lomera t i on   a i d  

mix tu re .   Since  the  water  may  provoke  foaming,   s i l i c o n e   de foaman t s  

may  be  a lso  added  as  well  as  o ther   non ion ic   and  a n i o n i c   s u r f a c t a n t s .  



All  Mw  given  he re in   are  weight  average  mo lecu la r   weights   a s  

de te rmined   by  gel  pe rmea t ion   chromatography  or  l i g h t   s c a t t e r i n g   a s  

a p p r o p r i a t e .  

Agglomera t ion   C o n d i t i o n s  

Agg lomera t ion   c o n d i t i o n s   for  use  in  the  p rocess   of  t h e  

i n v e n t i o n   wil l   vary  depending  upon  such  process   f a c t o r s   as  the  t y p e  

and  s o l i d s   c o n t e n t   of  t h e   hydrocarbon  o i l ,   the  s ize   d i s t r i b u t i o n   o f  

the  s o l i d s   and  the  p r o p e r t i e s   of  the  oil  being  p r o c e s s e d .   In  

g e n e r a l ,   the  most  s a t i s f a c t o r y   process   t e m p e r a t u r e   will   range  f rom 

35°C  to  250°C,  p r e f e r a b l y   from  50°C  to  225°C  and  o p t i m a l l y   from  75°C 

to  210°C.  In  genera l   the  p rocess   r e s idence   time  r e q u i r e d   to  r e a c h  

the  d e s i r e d   ash  level   of  l ess   than  0.05  weight  p e r c e n t   will   r a n g e  

broadly   f rom-0 .3   to  10,  m o r e ' u s u a l l y   2  to  5,  d a y s .  

The  a g g l o m e r a t i o n   aid  and,  if  d e s i r e d ,   the  s u p p l e m e n t a l  

a d d i t i v e s   such  as  a  water  deshedding   aid  are  i n t r o d u c e d   into  t h e  

hydrocarbon  oil  s t ream  to  be  t r e a t e d   p r io r   to  or  at  the  point   a t  

which  said  s t ream  is  i n t r o d u c e d   into  the  top  of  the  s e t t l i n g  _ t a n k .  

The  product   of  the  p rocess   is  withdrawn  from  a  po in t   i n t e r m e d i a t e   (on 

the  s ide)   while   the-  s o l i d s   s e t t l e   by  g r a v i t y   to  the  bottom  of  t h e  

tank.  The  flow  r a t e s   and  un i t   s i z i n g s   in  the  p rocess   system  a r e  

ad jus t ed   to  provide   the  d e s i r e d   r e s idence   time  in  the  s e t t l i n g   t a n k .  

The  s e t t l e d   s o l i d s   in  the  s e t t l i n g   tank  are  withdrawn  g e n e r a l l y   as  a 

sludge  for  d i r e c t   d i s p o s a l   or  f u r t h e r _ t r e a t m e n t   to  r ecover   a d d i t i o n a l  

hydrocarbon  o i l .  

The  f o l l o w i n g   examples  are  provided  to  i l l u s t r a t e   t h e  

embodiments  of  the  i n v e n t i o n   and  are  not  in tended  to  l im i t   it  in  any 

w a y .  

Examples  1 - 1 4  

In  each  of  t he se ,   hydrocarbon  oil  bottom  f r a c t i o n s   ( o b t a i n e d  

from  four  d i f f e r e n t   r e f i n e r i e s )   having  suspended  s o l i d s   with  t h e  

fo l l owing   genera l   phys i ca l   c h a r a c t e r i s t i c s   were  u s e d :  



The  hydroca rbon   oil  bottom  f r a c t i o n   o b t a i n e d   from  t h e  

r e f i n e r y   was  charged  in to   a  kilogram  g lass   r e a c t o r   which  was 

e l e c t r i c a l l y   hea ted   and  equipped  with  a  mechanica l   a g i t a t o r .   The  200 

ml  charge  of  oil   was  p r e t r e a t e d   by  hea t ing   to  80°C  p r i o r   to  a d m i x t u r e  

with  a  blend  c o n t a i n i n g   the  i n d i c a t e d   a g g l o m e r a t i o n   aid  at  a  b l e n d  

t r e a t   r a t e   of  500  ppm  for   the  o i l s   from  R e f i n e r i e s   Nos.  1-3  and  a t  

both  100  and  200  ppm  for   the  oil  from  Re f ine ry   N o .  4 .   The  t r e a t e d  

charge  was  a l lowed  to  a g i t a t e   f o r  2   minutes   and  then  s e t t l e  f o r   72 

hours  while  ho ld ing   the  t e m p e r a t u r e   at  79°C,  t h e r e a f t e r   50  ml  was 

drawn  off  from  the  upper  reg ion   of  the  r e a c t o r   and  s u b j e c t e d   t o  

f i l t r a t i o n   to  d e t e r m i n e   the  f i l t e r a b l e   s o l i d s   in  weight   p a r t s   p e r  

m i l l i o n   (WPPM)  a c c o r d i n g   to  the  fo l lowing   t e c h n i q u e .  

The  50  ml  sample  is  weighed  as  is  the  f i l t e r   paper  ( 0 . 8  

microns  pore  s i z e )   used  for   the  t e s t .   The  sample  is  p r ehea t ed   t o  

70-80°C,  then  mixed  with  150  to  200  ml  of  hot  xylene   (hea ted   above 

55°C)  and   the  admix tu re   poured  into  the  vacuum  f i l t e r .   The  c o n t a i n e r  

and  f i l t e r   paper   are  f u l l y   r i n s e d   with  hot  xylene  and  t h e r e a f t e r   w i t h  

hep tane .   The  now  f u l l y   r i n s e d   paper  is  d r ied   at  82°C  for   30  m i n u t e s  

and  then  p laced   in  a  d e s i c a t o r   for  30  minutes .   The  weight  of  t h e  

s o l i d s   found  on  the  f i l t e r   paper  provides   the  means  for   measur ing  t h e  

weight  p a r t s   per  m i l l i o n   (WPPM)  of  f i l t e r a b l e   s o l i d s   of  the  o r i g i n a l  

s a m p l e .  

The  sample  o b t a i n e d   f rom a   r e f i n e r y   was  t r e a t e d   accord ing   t o  

the  p rocess   of  t h i s   i n v e n t i o n   using  mix tu res   c o n t a i n i n g   v a r i o u s  

p o l y e l e c t r o l y t e s   al l   of  which  are  commerc ia l ly   a v a i l a b l e   and  t h e  



r e s u l t s   compared  with  t h a t   of  the  same  p rocess   using  s e v e r a l   o t h e r  

p o l y e l e c t r o l y t e   a d d i t i v e s .   The  r e s u l t s   are  set  f o r th   in  Table  I I .  

The  i n v e n t i o n   in  i t s   b roader   aspect   is  not  l i m i t e d   to  t h e  

s p e c i f i c   d e t a i l s   shown  and  d e s c r i b e d   and  d e p a r t u r e s   may  be  made  from 

such  d e t a i l s   w i thou t   d e p a r t i n g   from  the  p r i n c i p l e s   of  the  i n v e n t i o n  

and  wi thou t   s a c r i f i c i n g   i t s   c h i e f   a d v a n t a g e s .  







1.  A  p r o c e s s   for  r educ ing   the  p a r t i c u l a t e   s o l i d s   c o n t e n t  

of  a  hyd roca rbon   oi l   f r a c t i o n   c o m p r i s i n g :  

p r o v i d i n g   a  hydrocarbon  oil   f r a c t i o n   c o n t a i n i n g   less   than  10 

weight   p e r c e n t   w a t e r ;  

t r e a t i n g   s a i d  . h y d r o c a r b o n   o i l   f r a c t i o n   with  at  l e a s t   a 

s o l i d s   a g g l o m e r a t i n g   amount  of  an  a g g l o m e r a t i o n   aid  m ix tu re   t r e a t i n g  

being  in  the  amount  of  from  10  to  1000  weight   p a r t s   per  m i l l i o n   o f  

said  aid  based  on  the  weight  of  sa id   f r a c t i o n ,   said  mix ture   com- 

p r i s i n g   a  d e m u l s i f y i n g   agent  and  a  p o l y e l e c t r o l y t e   of  Mw  ranging  f r o m  

1,000  to  2 5 , 0 0 0 , 0 0 0 ;   and ,  

r e c o v e r i n g   a  hydrocarbon  o i l   f r a c t i o n s   having  a  r e d u c e d  

c o n t e n t   of  s o l i d s .  

2.  The  p rocess   of  c la im  1  wherein   said  f r a c t i o n   had  a ·  

b o i l i n g   range  of  from  about  200°C  to  about  550°C  and  at  l e a s t   1000 

weight  p a r t s   per  m i l l i o n   (WPPM)  of  f i l t e r a b l e   s o l i d s ,   and  s a i d  

r e c o v e r e d   p o r t i o n   h a d  l e s s   than  500  WPPM  of  said  m i x t u r e .  

3.  The  p r o c e s s   of  claim  1  or  2  wherein  sa id   d e m u l s i f i e r   is  an  

o x y a l k y l a t e d   phenol  formaldehyde   r e s i n   g lyco l   e s t e r   m i x t u r e .  

4.  The  p roce s s   of  claim  3  wherein   said  e s t e r   is  an  

e t h o x y l a t e d - p r o p o x y l a t e d   C4-C9  a lky l   phenol  formaldehyde  r e s i n   g l y c o l  
e s t e r   of  a  Mw  rang ing   from  2,000  to  1 5 , 0 0 0 .  

5.  The  p roces s   of  claim  3  wherein  s a id  e s t e r   is  a  s u c c i n a t e   and 

p r e s e n t   in  said  a g g l o m e r a t i o n   acid  mix ture   in  from  10  to  250  ppm. 

6.  The  p roce s s   of  any  p r e c e d i n g   claim  wherein  said  t r e a t i n g   i s  

at  a  t e m p e r a t u r e   of  from  350C  to  250°C  and  for  r e s idence   t imes  r a n g i n g  

from  0.3  to  10  d a y s .  

7.  The  p roces s   of  any  p r e c e d i n g   claim  wherein  s a i d  

a g g l o m e r a t i o n   a  id  mixture   c o n t a i n s   from  5  to  95  weight  per  cent  of  a 

Mannich  amine  polymer  c o n d e n s a t i o n   p roduc t   of  ac ry l amide ,   f o r m a l d e h y d e ,  

and  d i m e t h y l a m i n e .  



8.  The  process   of  any  of  claims  1 -   6  wherein  said  m i x t u r e  
c o n t a i n s   from  5  to  95  weight  per  cent  of  e p i c h l o r o h y d r i n   polyamine  of  h i g h  
charge   d e n s i t y .  

9.  An  a g g l o m e r a t i o n   agent  useful   for   t r e a t i n g   d r y  

hydroca rbon   oil  f r a c t i o n s   c o n t a i n i n g   ino rgan ic   s o l i d s   compris ing   a 

w a t e r - s o l u b l e   p o l y e l e c t r o l y t e   and  a  d e m u l s i f i e r .  

10.  The  a g g l o m e r a t i o n   agent  of  c l a i m  1 1   wherein  s a i d  

d e m u l s i f i e r   is  an  o x y a l k y l a t e d   phenol  formaldehyde  r e s i n   glycol   e s t e r  

of  Mw  ranging  from  500  to  50,000  and  said  p o l y e l e c t r o l y t e   is  in  t h e  

form  of  po lymer-water   g e l - l i k e   p a r t i c l e s .  
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