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A   process  for  purifying  used  oil  and  the  like  comprising 
reacting  the  oil  with  a  treating  agent  that  will  form  solids 
from  the  ash-forming  components  of  the  oil,  separating  the 
solids  from  the  oil,  and  subjecting  at  least  a  portion  of  the  oil 
to  a  two  stage  hydrotreatment  with  interstage  removal  of 
hydrogen  sulfide  and/or  ammonia. 



This  i n v e n t i o n   r e l a t e s   to  a  method  for  r educ ing   the  a s h - c o n t e n t  

of  l u b r i c a t i n g   oi l   c o n t a i n i n g   ash- forming  components.   In  another   a s p e c t  

t h i s   i n v e n t i o n   r e l a t e s   to  a  method  for  the  t r e a t m e n t   of  used  l u b r i c a t i n g  

o i l s   to  ob t a in   p u r i f i e d   o i l   s u i t a b l e   for  use  as  fuel   o i l ,   in  grease  f o r m u -  

l a t i o n s ,   or  in  the  p r e p a r a t i o n   of  l u b r i c a t i n g   o i l   f o r m u l a t i o n s .  

Used  motor  o i l   has  been  e s t ima ted   as  being  genera ted   in  t h e  

United  S t a t e s   at  a  r a t e   of  about  1.1  b i l l i o n   ga l l ons   per  year.   Some  o f  

t h i s   used  o i l   has  been  used  as  furnace  oi l   and  some  has  been  used  on  r u r a l  

d i r t   roads  for  dust  c o n t r o l .   Much  of  the  oi l   has  been  merely  d i s c a r d e d  

in  sewers,   dumps,  and  back  a l l e y s .   With  the  ever  d e c r e a s i n g   p e t r o l e u m  

r e s e r v e s ,   i t   becomes  more  and  more  e s s e n t i a l   t h a t   t h i s   used  oi l   be  s a v e d  

.and  used  as  long  as  p o s s i b l e .  

One  major  o b s t a c l e   to  re-use   of  used  o i l   in  many  a p p l i c a t i o n s  

involves   the  p resence   of  va r ious   a sh- forming   i m p u r i t i e s   tha t   remain  d i s -  

persed  in  the  oi l   due  to  the  very  e f f e c t i v e   d i s p e r s a n t   c h a r a c t e r i s t i c s   o f  

the  a d d i t i v e s   in  modern  day  l u b r i c a n t   s y s t e m s .  

M a t e r i a l s   con ta ined   in  a  t y p i c a l   used  c rankcase   oil   tha t   a r e  

cons ide red   to  c o n t r i b u t e   to  the  ash  conten t   of  the  oi l   inc lude   s u b - m i c r o n  

size  carbon  p a r t i c l e s ,   i n o r g a n i c   m a t e r i a l s   such  as  a tmospher ic   d u s t ,  

metal  p a r t i c l e s ,   lead  and  o ther   metal  compounds  o r i g i n a t i n g   from  f u e l  

combustion.   Besides  lead ,   which  is  g e n e r a l l y   p r e s e n t   at  c o n c e n t r a t i o n s  

of  1.0  to  2.5  weight  p e r c e n t ,   a p p r e c i a b l e   amounts  of  z inc ,   barium,  c a l -  

cium,  phosphorus  and  i ron  are  also  p r e s e n t   in  the  used  crankcase  o i l .  



Examina t ion   of  the  used  oi l   under  an  o p t i c a l   microscope  at  600  m a g n i f i -  

c a t i o n s   r e v e a l s   the  very  e f f e c t i v e   d i s p e r s a n t   c h a r a c t e r i s t i c s   of  modern 

day  lube  o i l s .   The  p a r t i c l e   s ize  of  the  p a r t i c u l a t e s   is  e s t ima ted   f rom 

t h i s   m i c r o s c o p i c   examina t ion   to  be  0 . 1 - 1 . 0   microns  with  v i r t u a l l y   no 

o c c u r r e n c e   of  agg lomera te s   in  the  o i l .  

The  p resence   of  the  a sh - fo rming   components  in  used  oi l   p u t s  

l i m i t s   on  the  ex t en t   to  which  the  m a t e r i a l   can  be  used  e c o n o m i c a l l y  

w i t h o u t   e c o l o g i c a l   damage.  For  example,  reuse  of  the  used  oi l   as  f u e l  

o i l   can  give  r i se   to  s e r i ous   a tmospher i c   p o l l u t i o n   when  the  o i l   c o n t a i n s  

in  excess   of  one  p e r c e n t   lead.   Also,  such  fuel   o i l   o f t en   r e s u l t s   i n  

burner   and  r e f r a c t o r y   main tenance   costs   tha t   o f f s e t   the  purchase   p r i c e  

d i f f e r e n t i a l   between  used  o i l   and  r e g u l a r   furnace   o i l .  

C l e a r l y ,   i t   is  in  the  n a t i o n a l   i n t e r e s t   to  p rov ide   e conomica l  

ways  of  removing  the  i m p u r i t i e s   from  used  oil   so  tha t   i t   can  be  r e u s e d  

p r a c t i c a l l y .  

Recen t l y ,   a  t e chn ique   of  p u r i f y i n g   used  o i l   has  been  d e v e l o p e d  

in  which  the  used  oi l   is  r e a c t e d   with  an  aqueous  s o l u t i o n   of  an  ammonium 

s a l t   t r e a t i n g   agent ,   then  the  water   phase  is  removed,  and  the  r e s u l t i n g  

o i l   p h a s e - c o n t a i n i n g   mass  is  s e p a r a t e d   by  f i l t r a t i o n .   Such  a  t e c h n i q u e  

is  d e s c r i b e d   in  U.  S.  Pa t en t   No.  4 ,151 ,072 ,   the  d i s c l o s u r e   of  which  i s  

i n c o r p o r a t e d   he re in   by  r e f e r e n c e .  

An  improvement  of  t h a t   p rocess   is  d i s c l o s e d   in  U.  S.  4 , 2 4 7 , 3 8 9 ,  

the  d i s c l o s u r e   of  which  is  also  i n c o r p o r a t e d   he r e in   by  r e f e r e n c e .   The 

improvement  of  tha t   p a t e n t   invo lves   a  s p e c i a l   heat   soak  step  tha t   r e s u l t s  

in  improved  s e p a r a t i o n   of  the  a sh - fo rming   components  from  the  o i l .  

In  both  of  the  above-ment ioned   p r o c e s s e s ,   i t   has  been  found  t o  

of ten   be  d e s i r a b l e   to  s u b j e c t   at  l e a s t   p o r t i o n s   of  the  de-ashed  oi l   t o  

d e c o l o r i z i n g   and  d e o d o r i z i n g   s tep .   Typ i ca l l y   the  d e c o l o r i z i n g   and  d e o d o r -  

i z ing   step  has  involved  a  h y d r o t r e a t m e n t .   The  p r e s e n t   i n v e n t i o n   is  b a s e d  

upon  the  a p p l i c a n t s '   d i s c o v e r y   t h a t   an  improvement  in  the  i n t e g r a t e d   p r o -  

cess  is  ob ta ined   if  the  h y d r o t r e a t m e n t   is  conducted  in  two  s tages  w i t h  

i n t e r s t a g e   f l a s h i n g   to  remove  hydrogen  s u l f i d e   and  ammonia  p r e s e n t   in  t h e  

e f f l u e n t   from  the  f i r s t   s tage  be fore   said  e f f l u e n t   is  p a s s e d . t o   the  second 

s t e p .  



Summary  of  the  I n v e n t i o n  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   the re   is  p rov ided   a 

p roces s   for  the  p r o d u c t i o n   of  an  e s s e n t i a l l y   a s h - f r e e   oil   s tock  from  l u b -  

r i c a t i n g   oi l   c o n t a i n i n g   a sh - fo rming   components  in  which  the  l u b r i c a t i n g  

oi l   is  c o n t a c t e d   with  an  aqueous  s o l u t i o n   of  a  t r e a t i n g   agent  which  r e a c t s  

with  a s h - f o r m i n g   components  to  form  s o l i d s   which  can  be  s e p a r a t e d   from  t h e  

o i l ,   the  major  p o r t i o n   of  the  water  is  removed  from  the  o i l - w a t e r   m i x t u r e ,  

s o l i d s   are  removed  from  the  o i l ,   and  at  l e a s t   a  p o r t i o n   of  the  oi l   is  s u b -  

j e c t e d   to  h y d r o t r e a t m e n t   wherein  the  h y d r o t r e a t m e n t   is  conducted  in  two 

s tages   with  i n t e r s t a g e   f l a s h i n g   to  remove  hydrogen  s u l f i d e   and  ammonia 

p r e s e n t   in  the  e f f l u e n t   from  the  f i r s t   s tage   be fo re   said  e f f l u e n t   is  p a s s e d  

to  the  second  s t a g e .  

B r i e f   D e s c r i p t i o n   of  the  D r a w i n g s  

FIGURE  1A  is  a  schemat ic   p roces s   flow  diagram  of  a  d e m e t a l l i z i n g  

p rocess   t ha t   can  be  used  in  c o n j u n c t i o n   with  the  p r e s e n t   i n v e n t i o n .  

FIGURE  1B  is  a  schemat ic   p rocess   flow  diagram  of  a  p roces s   f o r  

h y d r o t r e a t i n g   d e m e t a l l i z e d   oi l   in  accordance   with  the  p r e s e n t   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   is  a p p l i c a b l e   to  the  de -ash ing   of  oi l   i n  

which  a sh - fo rming   components  can  be  r ende red   removable  by  the  t r e a t i n g  

a g e n t .   The  i n v e n t i o n   is  p a r t i c u l a r l y   a p p l i c a b l e   to  the  p u r i f i c a t i o n   o f  

o i l s   t h a t   have  been  used  for  i n t e r n a l   combust ion   engine  l u b r i c a t i o n   p u r -  

poses  such  as  c rankcase   o i l s ,   e . g . ,   in  g a s o l i n e   engines   or  d i e s e l   e n g i n e s .  

Other  sources   of  used  o i l s   inc lude   s t e a m - t u r b i n e   o i l s ,   t r a n s m i s s i o n   and 

gear  o i l s ,   s t e am-eng ine   o i l s ,   h y d r a u l i c   o i l s ,   h e a t - t r a n s f e r   o i l s   and  t h e  

l i k e .  

The  o i l s   g e n e r a l l y   used  for  p r e p a r i n g   i n t e r n a l   combustion  e n g i n e  

l u b r i c a n t s   are  the  r e f i n e r y   l u b r i c a t i n g   cuts  from  p a r a f f i n - b a s e ,   m i x e d -  

base,   or  naph then ic   c rudes .   Their   v i s c o s i t i e s   are  g e n e r a l l y   in  the  r a n g e  

of  from  about  100  to  about  1,800  SUS  at  100°F.  The  o i l s   also  con t a in   v a r -  

ious  a d d i t i v e s   such  as  o x i d a t i o n   i n h i b i t o r s   ( e . g . ,   barium,  calcium  and 

zinc  a lkyl   t h i o p h o s p h a t e s ,   d i - t - b u t y l - p - c r e s o l ,   e t c . ) ,   an t iwear   a g e n t s  

( e . g . ,   o rganic   lead  compounds  such  as  lead  d i o r g a n o p h o s p h o r o d i t h i o a t e s ,  

zinc  d i a l k y l d i t h i o p h o s p h a t e s ,   e t c . ) ,   rus t   i n h i b i t o r s   ( e . g . ,   calcium  and 

sodium  s u l f o n a t e s ,   e t c . ) ,   d i s p e r s a n t s   ( e . g . ,   ca lc ium  and  barium  s u l f o n a t e s  



and  p h e n o x i d e s ,   e t c . ) ,   v i s c o s i t y   index  improvers   ( e . g . ,   p o l y i s o b u t y l e n e s ,  

p o l y - ( a l k y l s t y r e n e s ) ,   e t c . ) ,   d e t e r g e n t s   ( e . g . ,   ca lc ium  and  barium  s a l t s  

of  a lky l   benzene   s u l f o n i c   a c id s )   and  a s h l e s s - t y p e   d e t e r g e n t s   such  a s  

a l k y l - s u b s t i t u t e d   s u c c i n i m i d e s ,   e t c .  

If   d e s i r e d ,   water   e n t r a i n e d   in  the  u n t r e a t e d   used  l u b r i c a t i n g  

oil   can  be  removed  be fo re   use  of  same  in  the  p roces s   of  t h i s   i n v e n t i o n .  

Such  a  s e p a r a t i o n   can  be  r e a d i l y   ach ieved   by  removal  of  the  water  p h a s e  

which  may  occur   in  the  s t o r a g e   tanks  for  the  used  l u b r i c a t i n g   o i l .  

The  ammonium  s a l t   t r e a t i n g   agents   which  are  u s e f u l   in  the  p r o -  

cess  of  the  p r e s e n t   i n v e n t i o n   are  those   s e l e c t e d   from  the  group  c o n s i s t -  

ing  of  ammonium  s u l f a t e ,   ammonium  b i s u l f a t e ,   ammonium  p h o s p h a t e ,   diammon- 

ium  hydrogen  p h o s p h a t e ,   ammonium  d ihydrogen   p h o s p h a t e ,   ammonium  t h i o s u l -  

f a t e ,   ammonium  p o l y p h o s p h a t e s   such  as  ammonium  m e t a p h o s p h a t e ,   urea  s u l f a t e ,  

guan id ine   s u l f a t e ,   urea  p h o s p h a t e ,   and  guan id ine   p h o s p h a t e ,   and  m i x t u r e s  

t h e r e o f .   Said  t r e a t i n g   agents   can  be  formed  in  s i t u   i f   d e s i r e d   as,  f o r  

example,  by  combining  ammonia  and /or   ammonium  hydrox ide   with  s u l f u r i c   a c i d  

and/or   p h o s p h o r i c   acid  and /o r   an  ammonium  hydrogen  s u l f a t e   or  p h o s p h a t e ,  

i . e . ,   ammonium  b i s u l f a t e ,   diammonium  hydrogen  p h o s p h a t e ,   and /or   ammonium 

dihydrogen   p h o s p h a t e .   When  the  t r e a t i n g   agent  is  formed  in  s i t u ,   t h e  

r e a c t a n t s   employed  can  be  i n t r o d u c e d   at  the  same  t ime,  or  one  a f t e r   t h e  

o t h e r .  

A l though   the  c o n c e n t r a t i o n   of  t r e a t i n g   agent  in  the  aqueous  s o l u -  

t ion   of  t r e a t i n g   agent   is  not  c r i t i c a l   and  more  d i l u t e   s o l u t i o n s   can  b e  

used,  the  economics   of  the  p rocess   are  enhanced  by  the  use  of  r e l a t i v e l y  

c o n c e n t r a t e d   s o l u t i o n s   in  order   t h a t   the  amount  of  water   to  be  removed 

s u b s e q u e n t l y   w i l l   not  be  g r e a t .   G e n e r a l l y   the  c o n c e n t r a t i o n   of  t r e a t i n g  

agent  in  the  aqueous  s o l u t i o n   w i l l   be  w i th in   the  range  of  about  30  t o  

about  95  we igh t   p e r c e n t ,   t y p i c a l l y   about  80  weight  p e r c e n t ,   of  t ha t   in  an  

aqueous  s o l u t i o n   t ha t   is  s a t u r a t e d   with  the  t r e a t i n g   agent   at  25°C.  F r e -  

quent ly   some  water   wi l l   be  found  in  used  o i l ,   and  in  these   i n s t a n c e s   t h e  

c o n c e n t r a t i o n   of  the  t r e a t i n g   agent  can  be  a d j u s t e d   a c c o r d i n g l y .  

In  the  p r o c e s s   of  t h i s   i n v e n t i o n ,   the  t r e a t i n g   agent  should  p r e -  

f e r a b l y   be  employed  in  an  amount  at  l e a s t   s u f f i c i e n t   to  r eac t   with  e s s e n -  

t i a l l y   a l l   of  the  metal  c o n s t i t u e n t s   in  the  used  o i l .   Although  the  w e i g h t  
r a t i o   of  the  t r e a t i n g   agent  to  the  o i l   can  vary  g r e a t l y ,   depending  in  p a r t  



upon  the  na ture   and  c o n c e n t r a t i o n   of  m e t a l - c o n t a i n i n g   components  in  t h e  

oil   and  on  the  p a r t i c u l a r   t r e a t i n g   agent  employed,  g e n e r a l l y   i t   wi l l   b e  

wi th in   the  range  of  about  0 .002:1   to  about  0 .05 :1 ,   most  of ten   being  w i t h i n  

the  range  of  about  0 .005:1   to  about  0 .015 :1 ,   and  t y p i c a l l y   being  a b o u t  

0 .01 :1 .   Although  l a r g e r   amounts  of  t r e a t i n g   agent  can  be  used,  in  mos t  

i n s t a n c e s   th i s   would  be  w a s t e f u l   of  t r e a t i n g   a g e n t .  

Water  can  be  removed  from  the  mixture  r e s u l t i n g   from  the  c o m b i -  

na t ion   of  the  aqueous  s o l u t i o n   and  the  oi l   by  any  s u i t a b l e   means.  D i s t i l -  

l a t i o n   is  the  p r e f e r r e d   method  of  removing  water .   G e n e r a l l y ,   the  d i s t i l -  

l a t i o n   is  c a r r i e d   out  at  a  t e m p e r a t u r e   in  the  range  of  about  100°  to  a b o u t  

140°C  and  a  p r e s s u r e   in  the  range  of  about  5  to  about  25  psig  for  a  p e r i o d  

of  time  s u f f i c i e n t   to  e f f e c t   removal  of  a  major  p o r t i o n   of  the  w a t e r .  

Light  hydrocarbons   c o n t a i n e d   in  the  oi l   that   bo i l   under  the  d i s t i l l a t i o n  

c o n d i t i o n s ,   e . g . ,   g a s o l i n e ,   w i l l   be,  of  course,   s e p a r a t e d   from  the  o i l  

along  with  the  w a t e r .  

P r e f e r a b l y   the  s o l i d s   are  s epa ra t ed   from  the  oi l   by  f i l t e r i n g .  

Genera l ly ,   i t   is  d e s i r a b l e   to  use  a  f i l t e r   aid  in  the  s e p a r a t i o n   p r o c e s s .  

F i l t e r   aids  which  are  u s e f u l   in  the  p r a c t i c e   of  the  i n v e n t i o n   i n c l u d e  

those  s e l e c t e d   from  the  group  c o n s i s t i n g   of  d ia tomaceous  e a r th ,   p e r l i t e ,  

and  c e l l u l o s e   f i b e r s .   P r e s e n t l y   p r e f e r r e d   is  d ia tomaceous   e a r t h .  

The  heat   soak  s tep  d e s c r i b e d   in  U.  S.  4 ,247,389  is  c a r r i e d   o u t  

at  a  t empera tu re   in  the  range  of  about  320°  to  about  420°C  for  a  p e r i o d  

of  time  s u f f i c i e n t   to  improve  the  f i l t r a t i o n   ra te   of  the  o i l .   P r e f e r a b l y  

t h e  h e a t   soak  is  c a r r i e d   out  at  a  t empera tu re   in  the  range  of  about  340°C 

to  about  370°C.  G e n e r a l l y ,   the  time  tha t   a  volume  of  o i l   wi l l   be  e x p o s e d  

to  the  heat  soak  wi l l   be  in  the  range  of  about  5  minutes  to  about  an  h o u r ,  

more  p r e f e r a b l y   about  15  minutes   to  about  30  m i n u t e s .  

In  some  cases ,   e s p e c i a l l y   in  handl ing  o i l s   t ha t   have  u n u s u a l l y  

high  amounts  of  h e a v i e s ,   i t   is  d e s i r a b l e   to  employ  a  d i s t i l l a t i o n   b e t w e e n  

the  f i l t r a t i o n   step  and  the  h y d r o t r e a t i n g   s tep.   A l l  o r   only  par t   of  t h e  

d i s t i l l a t i o n   f r a c t i o n s   can  be  s u b j e c t e d   to  the  h y d r o t r e a t m e n t .   Often  some 

of  the  l i g h t e r   f r a c t i o n s   w i l l   be  s u f f i c i e n t l y   c l ea r   t ha t   h y d r o t r e a t m e n t  

wi l l   not  be  neces sa ry .   F u r t h e r ,   in  some  cases,   i t   may  be  de termined  t h a t  

the  end  use  of  the  heavy  f r a c t i o n   is  such  that   h y d r o t r e a t m e n t   of  the  h e a v y  

bottoms  f r a c t i o n   is  not  n e e d e d .  



A  f u r t h e r   u n d e r s t a n d i n g   of  the  p r e s e n t   i n v e n t i o n   and  i t s   a d v a n -  

tages   w i l l   be  p r o v i d e d   by  r e f e r e n c e   to  FIGURES  1A  and  1B  which  se ts   f o r t h  

a  t y p i c a l   p r o c e s s   employing  the  f e a t u r e s   of  the  p r e s e n t   i n v e n t i o n .  

In  FIGURE  lA,  used  o i l   from  s t o r a g e   tank  101  is  passed   via  l i n e  

102  to  h e a t e r   103  and  c o n t a c t o r   106.  Aqueous  t r e a t i n g   agent   such  as  

diammonium  hydrogen   phospha te   from  makeup  tank  105  is  i n t r o d u c e d   via  l i n e  

104.  I f   d e s i r e d ,   agent   p r e c u r s o r s   ammonia,  p h o s p h o r i c   ac id ,   and  water  can  

be  i n t r o d u c e d   in to   the  hea ted   o i l   downstream  of  h e a t e r   103,  t he reby   form-  

ing  the  t r e a t i n g   agent   in  s i t u   in  l i ne   102  and  c o n t a c t o r   106.  The  oi l   f rom 

h e a t e r   103  is  passed   in  admix tu re   with  t r e a t i n g   agent   in to   the  f i r s t   a g i -  

t a t e d   c o n t a c t o r   106  wherein  the  mix ture   is  m a i n t a i n e d   under  a g i t a t i o n   for  a 

time  s u f f i c i e n t   to  r eac t   with  at  l e a s t   a  p o r t i o n   of  the  a sh - fo rming   compo- 

nents   in  the  o i l .   P r e f e r a b l y ,   a  r e c y c l e   s t ream  is  passed   through  c o n d u i t  

152  to  pump  153  and  then  th rough  h e a t e r   154  be fo re   i t s   r e t u r n   to  c o n t a c t o r  

106,  t h e r e b y   p r o v i d i n g   heat   and  a g i t a t i o n   to  the  c o n t e n t s   of  the  c o n t a c t o r .  

S t i r r i n g   means  a lso  can  be  e m p l o y e d .  

T h e r e a f t e r   the  mix tu re   is  passed   via  condu i t   107  to  second  con-  

t a c t o r   109,  which  is  m a i n t a i n e d   at  a  t e m p e r a t u r e   in  the  range  of  about  110° 

to  about   140°C,  for  a  time  s u f f i c i e n t   to  e f f e c t   d i s t i l l a t i o n   of  a  m a j o r  

p o r t i o n   of  the  water   and  at  l e a s t   some  of  the  l i g h t   hydroca rbons   p r e s e n t  

t h e r e i n .   Thus,  whi le   r e t a i n e d   in  c o n t a c t o r   I09,  e s s e n t i a l l y   a l l   of  t h e  

water   and  at  l e a s t   a  p o r t i o n   of  the  l i g h t   hydrogen  components  of  the  mix-  

ture   are  removed  via  l ine   110  and  passed   to  s e p a r a t o r   111  wherein  a  h y d r o -  

carbon  l a y e r   and  a  water   l a y e r   are  a l lowed  to  form.  The  hydrocarbon   p h a s e  

can  then   be  t r a n s f e r r e d   via  l i ne   112  to  s t o r a g e   113.  The  water   layer   can  

be  removed  and  d i s c a r d e d   or  employed  for  any  d e s i r e d   pu rpose .   P r e f e r a b l y ,  

a  r e c y c l e   s t ream  is  passed   th rough   condu i t   155  to  pump  156  and  then  t h r o u g h  

h e a t e r   108  b e f o r e   i t s   r e t u r n   to  c o n t a c t o r   109,  t he r eby   p r o v i d i n g   heat  and 

a g i t a t i o n   to  the  c o n t e n t s   of  the  r e a c t o r .   S t i r r i n g   means  also  can  be  

e m p l o y e d .  

The  r e s u l t i n g   mix ture   compr i s ing   a  hot  o i l   phase  which  is  e s s e n -  

t i a l l y   f ree   of  water  is  passed  via  condu i t   114  to  a  t h i r d   c o n t a c t o r   w h e r e i n  

i t   is  s u b j e c t e d   to  a g i t a t i o n   and  a  t e m p e r a t u r e   in  the  range  of  about  140  t o  

about  200°C  to  remove  a d d i t i o n a l   water   and  l i g h t e r   components .   P r e f e r a b l y ,  

a  r e c y c l e   s t ream  is  passed   th rough  condui t   157  to  pump  158  and  then  t h r o u g h  



h e a t e r   115  be fo re   i t s   r e t u r n   to  c o n t a c t o r   116,  t h e r e b y   p r o v i d i n g   heat   and 

a g i t a t i o n   to  the  c o n t e n t s   of  the  c o n t a c t o r .   Any  r e s i d u a l   water   and  l i g h t  

hydroca rbons   are  removed  from  c o n t a c t o r   116  via  l ine   159.  

If  d e s i r e d ,   any one  or  two  or  a l l   of  c o n t a c t o r s   106,  109  and  116 

can  be  p rov ided   with  j a c k e t s   hea ted   by  steam  or  o ther   source  of  heat   to  a i d  

in  m a i n t a i n i n g   the  c o n t e n t s   of  the  c o n t a c t o r s   at  the  d e s i r e d   t e m p e r a t u r e s .  

Any one  or  two  or  a l l   of  c o n t a c t o r s   106,  109  and  116  can  be  equipped  w i t h  

s t i r r e r s   to  p rov ide   a d d i t i o n a l   a g i t a t i o n ,   in  an  o p e r a b l e   but  p r e s e n t l y  

less   p r e f e r r e d   a r r a n g e m e n t ,   a  s t i r r e r   in  any  one   or  more  of  the  th ree   con-  

t a c t o r s   can  be  used  i n s t e a d   of  the  r e c y c l e   system  employed  with  the  c o r r e s -  

ponding  one  or  more  of  the  th ree   c o n t a c t o r s ,   any  a d d i t i o n a l   h e a t i n g   b e i n g  

p rov ided   by  h e a t e r s   in  the  l i n e  a h e a d   of  the  c o n t a c t o r s   and/or   by  h e a t e d  

j a c k e t s   around  the  c o n t a c t o r s .   Also,   i f   d e s i r e d ,   any one  or  two  or  a l l   o f  

condu i t s   102,  107  and  114  can  feed  in to   the  r e c y c l e   s t ream  for  c o n t a c t o r s  

106,  109  and  116,  r e s p e c t i v e l y ,   i . e . ,   i n t o   c o n d u i t s   152,  155  and  157,  

r e s p e c t i v e l y ,   i n s t e a d   of  d i r e c t l y   in to   the  r e s p e c t i v e   c o n t a c t o r   as  shown. 

In  one  p r e f e r r e d   t e c h n i q u e   the  feed  in  c o n d u i t   102,  r a t h e r   than  b e i n g  

passed  d i r e c t l y   i n to   c o n t a c t o r   106,  is  p a s s e d   in to   condu i t   152  at  t h e  

i n l e t   side  of  pump  153.  In  a  s t i l l   more  p r e f e r r e d   t e c h n i q u e ,   pump  153 

is  a  h igh-volume  pump  t h a t   wi l l   cause  the  o i l   to  flow  in  the  t u r b u l e n t  

flow  range  so  as  to  promote  heat   t r a n s f e r   and  d e c r e a s e   s c a l i n g   in  t h e  

condu i t   152. 

The  hea ted   oi l   from  c o n t a c t o r   116  is  passed   via  condui t   117 

through  h e a t e r   163  to  a  f ou r th   c o n t a c t o r   164  where in   the  mix ture   is  s u b -  

j e c t e d   to  a g i t a t i o n   at  a  t e m p e r a t u r e   in  the  range  of  about  320°  to  a b o u t  

420°C  for  a  p e r i o d   of  time  s u f f i c i e n t   to  r e s u l t   in  a  p roduc t   which  when 

l a t e r   f i l t e r e d   w i l l   con t a in   less   ash  than  i t   would  c o n t a i n   if   i t   had  n o t  

been  so  hea ted .   P r e f e r a b l y ,   a  r e c y c l e   s t r eam  is  passed   through  c o n d u i t  

165  to  pump  166  and  then  through  h e a t e r   167  b e f o r e   i t s   r e t u r n   to  c o n t a c t o r  

164,  thereby   p r o v i d i n g   heat  and  a g i t a t i o n   to  the  c o n t e n t s   of  c o n t a c t o r   164.  

Any  r e s i d u a l   water   or  l i g h t   components  can  be  removed  from  c o n t a c t o r   164 

via  l ine   168. 

Trea ted   oi l   from  c o n t a c t o r   164  is  passed   through  condui t   169 

through  a  cooler   170  wherein  the  oi l   is  cooled  to  a  t e m p e r a t u r e   in  t h e  

range  of  about  150°  to  about  180°C  and  then  passed   in to   a  f i f t h   c o n t a c t o r  



171  where in   i t   is  admixed  with  f i l t e r   aid  p rov ided   via  condui t   118,  p r e -  

f e r a b l y   as  a  s l u r r y   in  l i g h t   hydroca rbons   p rov ided   from  makeup  tank  119. 

In  a  p r e s e n t l y ,   p r e f e r r e d   embodiment,  not  i l l u s t r a t e d ,   the  oi l   from  c o n -  

t a c t o r   164  is  cooled  at  l e a s t   in  pa r t   as  a  r e s u l t   of  pa s s ing   in  i n d i r e c t  

beat  exchange  with  the  feed  pass ing   th rough  l i ne   102  whereby  the  heat   i n  

the  oi l   in  l i n e   1 6 9  i s   used  to  heat   the  feed  o i l   in  l ine   102. 

Fo l lowing   admixture   of  f i l t e r   a id ,   the  r e s u l t i n g   mixture   i s  

passed  via  l i ne   172  to  f i l t e r   121,  which  o p t i o n a l l y   can  be  p r e c o a t e d  

with  f i l t e r   a id.   The  use  of  the  heat   soak  s tep  of  the  p r e s e n t   i n v e n t i o n  

can  in  many  cases  r e s u l t   in  a  r e d u c t i o n   in  the  amount  of  f i l t e r   a i d  

r equ i r ed   for  a  s u i t a b l e   f i l t r a t i o n   r a t e .  

F i l t e r   cake  from  f i l t e r   121  is  removed  via  l ine   147  and  o p t i o n -  

a l ly   passed   to  fu rnace   148  from  which,  f o l l o w i n g   burning   or  c a l c i n a t i o n ,  

at  l e a s t   a  p o r t i o n   of  the  r e s u l t i n g   ash  c o n t a i n i n g   f i l t e r   aid  can  b e  

passed  to  waste  via  l ine   149  or  r e c y c l e d   via  condui t s   120  and  160  t o  

s l u r r y   makeup  tank  119  for  f u r t h e r   use  in  the  system.  Fresh  f i l t e r   a i d  

is  added  th rough   c o n d u i t   160.  Light   hydroca rbons   for  use  in  p r e p a r i n g  

the  s l u r r y   can  be  r e c o v e r e d   from  the  i n t e g r a t e d   p rocess   and  can  be  p a s s e d  

to  tank  119  via  condu i t   151. 

The  f i l t e r e d   o i l   is  passed  to  a  run  s to rage   tank  200  via  l i n e  

122.  See  FIGURE  IB.  If  f r a c t i o n a t i o n   of  the  oi l   is  de s i r ed   at  t h i s   p o i n t  

in  the  p r o c e s s ,   the  f i l t e r e d   oi l   is  passed  to  a  d i s t i l l a t i o n   column  202.  

The  column  can  be  ope ra t ed   to  y i e ld   any  d e s i r e d   number  of  f r a c t i o n s .   I n  

t h e . d r a w i n g   only  t h r e e   f r a c t i o n s   are  shown,  a  l i g h t s   f r a c t i o n ,   an  i n t e r -  

mediate  f r a c t i o n ,   and  a  bottoms  f r a c t i o n .   T y p i c a l l y   the  bottoms  f r a c t i o n  

inc ludes   s u b s t a n t i a l l y   a l l   of  the  components  of  the  f i l t e r e d   o i l   t h a t  

have  b o i l i n g   p o i n t s   h igher   than  1050°F.  Each  of  the  f r a c t i o n s   are  p a s s e d  

from  the  d i s t i l l a t i o n   zone  to  run  s t o r a g e   t anks .   In  the  drawing,  t h e  

l i g h t s   f r a c t i o n   is  passed  to  tank  204,  the  i n t e r m e d i a t e   f r a c t i o n   to  t a n k  

205,  and  the  bot toms  f r a c t i o n   to  tank  206.  By  means  of  p r o p e r l y   p l a c e d  

v a l v e s ,   the  v a r i o u s   f r a c t i o n s   can  each  i n d i v i d u a l l y   be  passed  to  t h e  

h y d r o t r e a t m e n t   zone.  A l t e r n a t i v e l y ,   one  or  more  of  the  f r a c t i o n s   can  b e  

combined  and  then  s u b j e c t e d   to  h y d r o t r e a t m e n t .   In  another   a l t e r n a t i v e ,  

a l l   or  p a r t   of  i n d i v i d u a l   f r a c t i o n s   can  be  r ecovered   for  use  w i t h o u t  

h y d r o t r e a t m e n t .  



If  no  d i s t i l l a t i o n   is  used,  then  the  f i l t e r e d   oil   can  be  p a s s e d  

d i r e c t l y   into  the  h y d r o t r e a t i n g   s e c t i o n   from  s t o r a g e   tank  200.  The  p r e s -  

ent  i n v e n t i o n   is  p a r t i c u l a r l y   u se fu l   in  such  o p e r a t i o n s   s ince  i t   has  b e e n  

d i s c o v e r e d   by  the  i n v e n t o r s   tha t   the  h igher   b o i l i n g   components  of  the  o i l  

c o n t a i n   numerous  compounds  tha t   upon  h y d r o g e n a t i o n   r e s u l t   in  amounts  o f  

H2S  and/or   ammonia  t h a t   s e r i o u s l y   a f f e c t s   the  e f f e c t i v e n e s s   of  the  h y d r o -  

g e n a t i o n .  

R e g a r d l e s s   of  whether   d i s t i l l a t i o n   is  employed  or  whether   i t   i s  

u n d i s t i l l e d   o i l   t ha t   is  passed  for  h y d r o t r e a t m e n t   in  the  i l l u s t r a t e d   embod- 

iment ,   the  oi l   t ha t   is  to  be  h y d r o t r e a t e d   is  combined  with  hydrogen  p r o -  

vided  via  l ine   208  and  the  combined  s tream  passed   th rough  h e a t e r   210.  The 

r e s u l t i n g   hot  oi l   c o n t a i n i n g   the  added  hydrogen  is  then  passed  to  c o n t a c t o r  

212  wherein  d e c o m p o s i t i o n   is  e f f e c t e d   of  s u l f o n a t e s   con t a ined   in  the  o i l .  

While  i t   is  p r e s e n t l y   p r e f e r r e d   t h a t   c o n t a c t o r   212  con t a in   b a u x i t e  

or  an  a c t i v a t e d   carbon  a d s o r b e n t   bed  t h e r e i n ,   t h i s   un i t   can  employ  o t h e r  

a d s o r b e n t s   such  as  those   s e l e c t e d   from  the  group  c o n s i s t i n g   of  s i l i c a   g e l ,  

c lay ,   a c t i v a t e d   a lumina ,   combina t ions   t h e r e o f ,   and  the  l i k e .   The  a d s o r b e n t  

serves   to  e f f e c t   breakdown  and  d e c o m p o s i t i o n   of  the  ammonium  s a l t s   of  s u l -  

fonic   acids  and  the  a s h l e s s   d e t e r g e n t s   c o n t a i n e d   in  the  o i l .   The  a d s o r b e n t  

f u r t h e r   serves  to  c o l l e c t   a  small  p o r t i o n   of  the  r e s u l t i n g   p roduc t s   and  t h u s  

p r e c l u d e s   passage  of  such  u n d e s i r a b l e   d e c o m p o s i t i o n   p roduc t s   to  the  h y d r o -  

t r e a t e r .   Such  a d s o r b e n t s   can  be  r e g e n e r a t e d   by  c o n v e n t i o n a l   means  and 

r e u s e d .  

:.  P r e f e r a b l y ,   the  ad so rben t   c o n t a i n s   about  0.2  to  about  20  w e i g h t  

p e r c e n t   of  at  l e a s t   one  metal  s e l e c t e d   from  the  group  c o n s i s t i n g   of  Group 

VIB  and  Group  VIII  m e t a l s ,   t h i s   weight  p e r c e n t   be ing   based  on  the  t o t a l  

weight  of  modif ied  a d s o r b e n t .   This  modif ied   a d s o r b e n t   can  be  p r epa red   by  

impregna t ion   of  the  a d s o r b e n t   with  an  aqueous  s o l u t i o n   of  a  w a t e r - s o l u b l e  

compound  of  a  Group  VIB  or  Group  VIII  meta l ,   fo l lowed   by  e v a p o r a t i o n   o f  

water .   W a t e r - s o l u b l e   compounds  p r e s e n t l y   p r e f e r r e d   for  th i s   use  are  i r o n  

compounds  such  as  f e r r i c   ammonium  o x a l a t e ,   f e r r i c   ammonium  c i t r a t e ,   f e r r i c  

s u l f a t e ,   and  f e r rous   ammonium  s u l f a t e .  

The  r e s u l t i n g   t r e a t e d   oi l   is  t h e r e a f t e r   passed   from  c o n t a c t o r  

212  to  the  f i r s t   h y d r o t r e a t m e n t   r e a c t o r   214.  If   d e s i r e d   a d d i t i o n a l   h y d r o -  

gen  can  be  added  to  the  oi l   a f t e r   i t s   t r e a t m e n t   in  c o n t a c t o r   212.  



In  h y d r o t r e a t e r   214,  the  o i l   is  s u b j e c t e d   to  h y d r o g e n a t i o n   c o n d i -  

t i o n s   s u i t a b l e   for  h y d r o g e n a t i n g   u n s a t u r a t e d   m a t e r i a l s   and  to  e f f e c t   decom- 

p o s i t i o n   of  r e s i d u a l   s u l f u r ,   oxygen,  and  n i t r o g e n   b o d i e s .   Any  s u i t a b l e  

h y d r o g e n a t i o n   c a t a l y s t   can  be  employed.  Examples  of  s u i t a b l e   c a t a l y s t s  

for  use  in  h y d r o t r e a t e r   128  i nc lude   those   s e l e c t e d   from  the  group  c o n s i s t -  

ing  of  Group  VIB  and  Group  VIII  meta l s   and  combina t ions   t h e r e o f   s u p p o r t e d  

o n  r e f r a c t o r y   oxides   such  as  those   c o n v e n t i o n a l l y   used  in  h y d r o d e s u l f u r i z a -  

t i on   p r o c e s s e s .   A  t y p i c a l   example  of  a  s u i t a b l e   c a t a l y s t   is  F i l t r o l   RHPC 

a v a i l a b l e   from  the  F i l t r o l   C o r p o r a t i o n .  

Af te r   e x i t i n g   h y d r o t r e a t e r   214,  the  o i l   is  passed  to  a  p h a s e  

s e p a r a t o r   216  where in   hydrogen  s u l f i d e ,   ammonia,  and  l i g h t   h y d r o c a r b o n s  

are  f l a s h e d   overhead .   The  oi l   from  the  s e p a r a t o r   is  then  passed  to  h e a t e r  

218,  p r e f e r a b l y   a f t e r   being  combined  wi th   more  hydrogen.   The  heated   o i l  

c o n t a i n i n g   hydrogen  is  then  passed  to  the  second  h y d r o t r e a t e r   r e a c t o r   220 .  

The  c a t a l y s t   employed  in  r e a c t o r   220  can  be  the  same  or  d i f f e r e n t   as  t h a t  

employed  in  r e a c t o r   2 1 4 .  

The  o i l   e x i t i n g   h y d r o t r e a t e r   220  is  passed   to  phase  s e p a r a t o r  

222  wherein   again   hydrogen  s u l f i d e ,   ammonia,  and  l i g h t   hydrocarbons   a r e  

f l a s h e d   o v e r h e a d .  

The  overhead   s t reams  from  s e p a r a t o r s   216  and  222  are  p r e f e r a b l y  

combined  and  s u b j e c t e d   to  a  s c r u b b e r   224  capab le   of  removing  HC1,  NH , 
and  H2S  from  the  gases .   Overhead  from  the  s c r u b b e r   can  then  be  v e n t e d  

or  s u b j e c t e d   to  f u r t h e r   p r o c e s s i n g   for  r e c o v e r y   of  any  d e s i r e d   value  t h e r e -  

f r o m .  

The  o i l   p a s s i n g   out  of  s e p a r a t o r   222  is  then  passed  to  a  s t r i p p e r  

226  where in   l i g h t   h y d r o c a r b o n s   are  s e p a r a t e d   from  those  of  the  o i l   b o i l i n g  

range .   P r e f e r a b l y ,   the  s t r i p p i n g   is  conduc ted   with  steam  a l though  o t h e r  

gases  can  be  e m p l o y e d .  

The  overhead   from  the  s t r i p p e r   226  is  passed  to  a  s e t t l e r   228 

where  a  hydroca rbon   phase  and  a  water   phase  are  al lowed  to  form.  The 

hydroca rbon   l a y e r   is  removed  via  l i n e   230  and  s t o r e d   for  f u r t h e r   use  i n  

the  p rocess   as  n e e d e d .  

The  hot  o i l   from  the  s t r i p p e r   can  then  be  f u r t h e r   p roces sed   a s  

d e s i r e d .   T y p i c a l l y   i f   the  o r i g i n a l   o i l   feed  c o n t a i n e d   s i g n i f i c a n t   amounts  

of  heav ies   and  t h e r e   was  no  s e p a r a t i o n   of  the  heav ies   from  the  oi l   p r i o r  



to  the  h y d r o t r e a t m e n t ,   then  the  oi l   would  be  s u b j e c t e d   to  a  d i s t i l l a t i o n  

to  o b t a i n   a  p roduc t   s u i t a b l e   for  r e f o r m u l a t i o n   with  c o n v e n t i o n a l   a d d i -  

t i v e s   to  y i e l d   the  d e s i r e d   weight   and  q u a l i t y   of  l u b r i c a t i n g   o i l .  

The  use  of  two  s tage   h y d r o t r e a t i n g   with  i n t e r s t a g e   f l a s h i n g  

r e s u l t s   in  an  i n t e g r a t e d   p r o c e s s   tha t   is  much  l ess   apt  to  be  a d v e r s e l y  

a f f e c t e d   by  v a r i a t i o n s   in  the  compos i t ion   of  the  used  o i l   f e e d s t o c k .  

Thus,  by  using  the  p r e s e n t   i n v e n t i o n ,   one  can  ope ra t e   on  feeds  h a v i n g  

wide  v a r i a t i o n s   in  the  amount  of  high  molecu la r   weight   n i t r o g e n   compounds 

p r e s e n t   w i thou t   having  to  make  l a rge   v a r i a t i o n s   in  the  o p e r a t i n g   c o n d i -  

t i ons   of  the  v a r i o u s   s t ages   of  the  p r o c e s s .   The  i n v e n t i o n   f u r t h e r   r e s u l t s  

in  improved  h y d r o t r e a t i n g   and  i n c r e a s e d   h y d r o t r e a t i n g   c a t a l y s t   l i f e .  

As  f u r t h e r   i l l u s t r a t i o n   of  the  p r e s e n t   i n v e n t i o n ,   the re   is  p r o -  
vided  below  t y p i c a l   and  p r e f e r r e d   ranges  of  o p e r a t i n g   c o n d i t i o n s   for  t h e  

v a r i o u s   components  of  a  p r o c e s s   of  the  type  i l l u s t r a t e d   in  FIGURE  1. 

Obvious ly ,   the  c o n d i t i o n s   w i l l   vary  depending  upon  the  type  of  f e e d s t o c k ,  

the  type  of  t r e a t i n g   agen t ,   and  the  r e s u l t s   d e s i r e d .  



I t   is  noted  t h a t   the  p r e c e d i n g   comments  are  d i r e c t e d   to  i l l u s t r a -  

t i v e   embodiments  of  the  p r e s e n t   i n v e n t i o n .   O b v i o u s l y ,   there   are  many  v a r i -  

a t i o n s   and  m o d i f i c a t i o n s   t h a t   can  be  made  w i t h o u t   d e p a r t i n g   from  the  s p i r i t  

a n d  s c o p e   of  the  p r e s e n t   i n v e n t i o n .  



1.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of   an  e s s e n t i a l l y   a s h - f r e e   o i l  

s t o c k   f r o m   l u b r i c a t i n g   o i l   c o n t a i n i n g   a s h - f o r m i n g   c o m p o n e n t s  
w h e r e i n   t h e   l u b r i c a t i n g   o i l   i s   c o n t a c t e d   w i t h   an  a q u e o u s   s o l u -  

t i o n   of   a  t r e a t i n g   a g e n t   w h i c h   r e a c t s   w i t h   t h e   a s h - f o r m i n g   c o m -  

p o n e n t s   to   f o r m   s o l i d s   w h i c h   c a n   be  s e p a r a t e d   f rom  s a i d   o i l ,  
t h e   m a j o r   p o r t i o n   of  t h e   w a t e r   i s   r e m o v e d   f r o m   s a i d   o i l - w a t e r  

m i x t u r e ,   t h e   s o l i d s   a r e   r e m o v e d   f r o m   t h e   o i l   and  a t   l e a s t   a  

p o r t i o n   of  t h e   o i l   i s   s u b j e c t e d   t o  h y d r o t r e a t m e n t   to   l i g h t e n  

t h e   c o l o r   of  t h e   o i l ,   c  h  a  r  a  c  t   e  r  i  z  e  d   b  y  

c a r r y i n g   o u t   s a i d   h y d r o t r e a t m e n t   i n   two  s t a g e s   w i t h   i n t e r s t a g e  

f l a s h i n g   to   r e m o v e   h y d r o g e n   s u l f i d e   and  a m m o n i a   p r e s e n t   in  t h e  

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

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i z e d   in   t h a t   s a i d  

t r e a t i n g   a g e n t   c o m p r i s e s   an  ammonium  s a l t   s e l e c t e d   f r o m   a t  



l e a s t   one  of  ammonium  s u l f a t e ,   ammonium  b i s u l f a t e ,   a m m o -  

n ium  p h o s p h a t e ,   d i a m m o n i u m   h y d r o g e n   p h o s p h a t e ,   and  a m m o -  

n ium  d i h y d r o g e n   p h o s p h a t e .  

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2  c h a r a c t e r i z e d   in   t h a t   s a i d  

ammonium  s a l t   i s   d i a m m o n i u m   h y d r o g e n   p h o s p h a t e .  

4.  A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  to   3  c h a r a c t e r i z e d  

in  t h a t   t h e   f i l t e r e d   o i l   p r i o r   to   b e i n g   s u b j e c t e d   t o  

h y d r o t r e a t m e n t   i s   h e a t e d   to   a  t e m p e r a t u r e   in  t h e   r a n g e   o f  

200°C  to  480°C  and   t h e   h e a t e d   o i l   i s   c o n t a c t e d   w i t h   a t  

l e a s t   one  a d s o r b e n t   s e l e c t e d   f r o m   a c t i v a t e d   c a r b o n ,   s i l i -  

ca  g e l ,   c l a y ,   b a u x i t e   and  a l u m i n a .  

5.  A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  to   4  c h a r a c t e r i z e d  

in  t h a t   t h e   o i l   t h a t   i s   s u b j e c t e d   t o   t h e   h y d r o t r e a t m e n t  

i n c l u d e s   c o m p o n e n t s   h a v i n g   b o i l i n g   p o i n t s   h i g h e r   t h a n  

5 6 6 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5  c h a r a c t e r i z e d   in   t h a t   t h e  

o i l   i s   s u b j e c t e d   to   t h e   h y d r o t r e a t m e n t   i n c l u d e s   s u b s t a n -  

,  t i a l l y   a l l   of   t h e   c o m p o n e n t s   of  t h e   f i l t e r e d   o i l   h a v i n g  

b o i l i n g   p o i n t s   h i g h e r   t h a n   5 6 6 ° C .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   6  c h a r a c t e r i z e d   in   t h a t   t h e  

o i l   t h a t   i s   s u b j e c t e d   to  t h e   h y d r o t r e a t m e n t   i n c l u d e s   s u b -  

s t a n t i a l l y   a l l   of   t h e   l u b r i c a t i n g   o i l   r a n g e   h y d r o c a r b o n s  

t h a t   a r e   p r e s e n t   in  t h e   f i l t e r e d   o i l   t h a t   o i l   b e l o w   5 6 6 ° C .  

8 .   A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  to   4  c h a r a c t e r i z e d  

in  t h a t   t h e   o i l   t h a t   i s   s u b j e c t e d   to   t h e   h y d r o t r e a t m e n t  

c o n s i s t s   e s s e n t i a l l y   of  c o m p o n e n t s   h a v i n g   b o i l i n g   p o i n t s  

b e l o w   5 6 6 ° C .  
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