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(54)  De-ashing  lubricating  oils. 

A  process  for  the  production  of  an  essentially  ash-free  oil 
stock  from  a  lubricating  oil  containing  ash-forming  compo- 
nentscomprising 

(a)  contacting  said  lubricating  oil  with  an  aqueous 
ammonium  salttreating  agent; 

(b)  removing  a  major  portion  of  the  water from  the  mix- 
ture  resulting  from  combining  said  aqueous  solution  and  said 
lubricating  oil; 

(c)  heating  at  least  a  portion  of  the  product  resulting 
from  step  (b)  at  a  temperature  in  the  range  of  about  320°  to 
about  420°C  for  a  period  of  time  sufficient  to  decompose  at 
least  a  portion  of  any  ammonium  salts  of  sulfonic  acid  and 
dialkyldithiophosphoric  acid that are  contained therein; 

(d)  cooling  the  product  from  step  (c)  to  a  temperature  in 
the  range  of  about  150° to  about  180°C;  and 

(e)  separating  the  solids  from  the  product  of  step  (d), 
optionally  with  subsequent  hydrotreating  and  stripping  of the 
oil  thus  obtained. 



This  i nven t ion   r e l a t e s   to  a  method  for  reducing  the  a s h -  

content   of  l u b r i c a t i n g   oil  con t a in ing   ash-forming  components.  In  

another   aspect   this   i nven t ion   r e l a t e s   to  a  method  for  the  t r ea tmen t   o f  

used  l u b r i c a t i n g   oi ls   to  obta in   p u r i f i e d   oil  s u i t a b l e   for  use  as  f u e l  

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  oil  has  been  e s t ima ted   as  being  genera ted  in  t h e  

United  S t a t e s   at  a  rate  of  about  1.1  b i l l i o n   gal lons   per  year.   Some  o f  

th is   used  oil   has  been  used  as  furnace  oil  and  some  has  been  used  on  r u r a l  

d i r t   roads  for  dust  con t ro l .   Much  of  the  oil  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  decreas ing   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   that   this   used  oil  be  saved 

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

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

involves   the  presence  of  var ious   ash- forming   i m p u r i t i e s   that   remain 

d i spe r sed   in  the  oil  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  

of  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 .  

Ma te r i a l s   contained  in  a  t y p i c a l   used  crankcase  oil  that   a r e  

cons ide red   to  c o n t r i b u t e   to  the  ash  content   of  the  oil  include  sub -mic ron  

size  carbon  p a r t i c l e s ,   inorgan ic   m a t e r i a l s   such  as  a tmospheric   d u s t ,  

metal  p a r t i c l e s ,   lead  and  other  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 resen t   at  c o n c e n t r a t i o n s  

of  1.0  to  2.5  weight  pe r cen t ,   a p p r e c i a b l e   amounts  of  zinc,  ba r ium,  

calcium,  phosphorus  and  iron  are  also  p resen t   in  the  used  crankcase  o i l .  

Examinat ion  of  the  used  oil  under  an  op t i ca l   microscope  at  600 

m a g n i f i c a t i o n s   reveals   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  

modern  day  lube  o i l s .   The  p a r t i c l e   size  of  the  p a r t i c u l a t e s   is  e s t i m a t e d  



from  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 t e s   in  t h e  o i l .  

The  p re sence   o f  t h e   a sh - fo rming   componen t s  in   u s e d  o i l   p u t s  
l i m i t s   on  the  ex t en t   to  which  t h e  m a t e r i a l   can  be  used  economica l ly   w i t h -  

out  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 s e   to  s e r i ous   a tmosphe r i c   p o l l u t i o n  w h e n   the  oi l   con ta ins   i n  

excess  of  one  p e r c e n t   l e a d .   Also,  such  fuel  oi l   of ten  r e s u l t s   in  b u r n e r  

and  r e f r a c t o r y   main tenance   c o s t s  t h a t   o f f s e t  t h e   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  i n  t h e   n a t i o n a l   i n t e r e s t   to  p rovide   e c o n o m i c a l  

ways  of  removing  the  i m p u r i t i e s   from  used  oi l   so  t h a t  i t  c a n   be  r e u s e d  

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

R e c e n t l y ,   a  t e c h n i q u e   of  p u r i f y i n g   used  oil   has  been  d e v e l o p e d  

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

oil   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   i n  U .   S.  P a t e n t   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   h e r e i n   by  r e f e r e n c e .  

I t   is  an  o b j e c t   of  t h i s  i n v e n t i o n   t o  p r o v i d e   an  improvement  on 

the  method  d i s c l o s e d   in U.  S.  4 , 1 5 1 , 0 7 2 .  

In  ano ther   a s p e c t  i t   is  an  ob jec t   of  the  p r e s e n t   i n v e n t i o n   t o  

p rov ide   a  p r o c e s s   which  r e s u l t s   in  the  s e p a r a t i o n  o f   g r e a t e r   amounts  o f  

a s h - f o r m i n g   components  from  the  o i l .  

In  yet  ano ther   a spec t   t h i s   i n v e n t i o n  r e l a t e s   to  i n c r e a s i n g   t h e  

ra te   a t  wh ich   the  oi l   can  g e n e r a l l y   be  f i l t e r e d .  

S t i l l   ano ther   o b j e c t   of  the  p r e s e n t  i n v e n t i o n   is  to  reduce  t h e  

amount  of  f i l t e r   aid  r e q u i r e d  f o r   rapid  and  e f f e c t i v e   removal  of  the  a s h  

componen t s .  

Other  a s p e c t s ,  o b j e c t s ,   and  advantages   of  the  p r e s e n t  

i n v e n t i o n   wi l l   b e  a p p a r e n t   to  one  s k i l l e d   in  the  a r t  u p o n  s t u d y   of  t h e  

d i s c l o s u r e ,   the  c la ims,   and  the  a t t ached   drawing  in  which  Figure  1  is  a 

schemat ic   r e p r e s e n t a t i o n   of  a  s p e c i f i c   p rocess   employing  the  p r e s e n t  

i n v e n t i o n .  

In  accordance   with  one  e m b o d i m e n t  o f  t h e   p re sen t   i n v e n t i o n ,   a 

p rocess   is  p rov ided   for  the  p r o d u c t i o n  o f  a n   e s s e n t i a l l y   a s h - f r e e   o i l  

s tock  from  a  l u b r i c a t i n g   oi l   con t a in ing   ash- forming  components 

c o m p r i s i n g :  



(a)  c o n t a c t i n g   said  l u b r i c a t i n g   oil  with  an  aqueous  s o l u t i o n  

of  a  t r e a t i n g   agent  compris ing  a  s u i t a b l e   ammonium  sa l t   under  c o n d i t i o n s  

of  t e m p e r a t u r e ,   p r e s s u r e ,   and  time  s u f f i c i e n t   to  d i sperse   said  agent  i n  

said  l u b r i c a t i n g   oil  and  to  reac t   said  agent  with  ash-forming  components 

of  said  l u b r i c a t i n g   o i l ;  

(b)  removing  a  major  po r t i on   of  the  water  from  the  m i x t u r e  

r e s u l t i n g   from  combining  said  aqueous  s o l u t i o n   and  said  l u b r i c a t i n g   o i l ;  

(c)  hea t ing   at  l e a s t   a  p o r t i o n   of  the  product   r e s u l t i n g   from 

step  (b)  at  a  t empera tu re   in  the  range  of  about  320°  to  about  420°C  for  a 

per iod  of  time  s u f f i c i e n t   to  decompose  at  l eas t   a  po r t ion   of  any  ammonium 

sa l t s   of  s u l f o n i c   acid  and  d i a l k y l d i t h i o p h o s p h o r i c   acid  that   a r e  

conta ined   t h e r e i n ;  

(d)  cool ing  the  product   from  step  (c)  to  a  temperature   in  t h e  

range  of  about  100°  to  about  180°C;  and 

(e)  s e p a r a t i n g   so l id s   from  the  product  of  step  ( d ) .  

The  p resen t   i n v e n t i o n   is  a p p l i c a b l e   to  the  de-ashing  of  oil  i n  

which  ash  forming  components  can  be  rendered  removable  by  the  t r e a t i n g  

agent.   The  i nven t ion   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 ls   tha t   have  been  used  for  i n t e r n a l   combustion  engine  l u b r i c a t i o n  

purposes  such  as  crankcase  o i l s ,   e . g . ,   in  gasol ine   engines  or  d i e s e l  

engines .   Other  sources  of  used  o i ls   include  s t eam- tu rb ine   o i l s ,  

t r a n s m i s s i o n   and  gear  o i l s ,   s team-engine   o i l s ,   hydrau l i c   o i l s ,   h e a t -  

t r a n s f e r   o i l s   and  the  l i k e .  

The  o i ls   g e n e r a l l y   used  for  p repar ing   i n t e r n a l   combust ion  

engine  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 ,  

mixed-base ,   or  naphthenic   crudes.   Their  v i s c o s i t i e s   are  genera l ly   in  t h e  

range  of  from  about  100  to  about  1,800  SUS  at  100°F.  The  o i ls   a l s o  

contain   va r ious   a d d i t i v e s   such  as  ox ida t ion   i n h i b i t o r s   ( e . g . ,   ba r ium,  

calcium  and  zinc  alkyl   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 . ) ,  

ant iwear   agents  ( e . g . ,   organic   lead  compounds  such  as  l e a d  

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 . ) ,   r u s 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 . ,   calcium  and  barium  s u l f o n a t e s   and  phenoxides,   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 . ,   calcium  and  barium  s a l t s   of  alkyl  benzene  s u l f o n i c  

acids)   and  a s h l e s s - t y p e   d e t e r g e n t s   such  as  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   i n  t h e   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 fore   use  of  same  in  the  process   of  th 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 age   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  usefu l   in  t h e  

p rocess   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  g roup  

c o n s i s t i n g   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 ,  

diammonium  hydrogen  p h o s p h a t e ,   ammonium  dihydrogen  phospha te ,   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  phospha te ,   and  g u a n i d i n e  

phospha te ,   and  mix tures   t h e r e o f .   Said  t r e a t i n g   agents  can  be  formed  i n  

s i t u   if   d e s i r e d   as,  for  example,  by  combining  ammonia  and/or  ammonium 

hydroxide   with  s u l f u r i c   acid  and/or   phosphor i c   acid  and/or   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  phospha t e ,   and/or   ammonium  dihyrogen  phosphate .   When  t h e  

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  b e  

i n t r o d u c e d   at  the  same  t ime,   or  one  a f t e r   the  o t h e r .  

Although  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   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  

be  used,   the  economics  of  t h e  p r o c e s s   are  enhanced  by  the  use  o f  

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   tha t   the  amount  of  water  to  b e  

removed  s u b s e q u e n t l y   wi l l   not  be  g r e a t .   Genera l ly   the  c o n c e n t r a t i o n   o f  

t r e a t i n g   agent  in  the  aqueous  s o l u t i o n   wi l l   be  wi th in   the  range  of  a b o u t  

30  to  about  95  weight  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 h a t  

in  an  aqueous  s o l u t i o n   t h a 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 q u e n t l y   some  water  wi l l   be  found  in  used  o i l ,   and  in  these  i n s t a n c e s  

the  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 rocess   of  t h i s   i n v e n t i o n ,   the  t r e a t i n g   agent  s h o u l d  

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   w i t h  

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  t h e  

weight  r a t i o   of  the  t r e a t i n g   agent  to  the  oi l   can  vary  g r e a t l y ,   d e p e n d i n g  

in  pa r t   upon  the  na tu re   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  the  oi l   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   be  w i th in   the  range  of  about  0 .002:1   to  about  0 .05 :1 ,   most  o f t e n  

being  w i th in   the  range  of  about  0 .005:1   to  about  0 .015:1 ,   and  t y p i c a l l y  

being  about  0 .01 :1 .   Although  l a r g e r   amounts  of  t r e a t i n g   agent  c a n  b e  

used,  in  most  i n s t a n c e s   t h 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  t h e  

combinat ion  of  the  aqueous  s o l u t i o n   and  the  oil  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 ,   t h e  

d i s t i l l a t i o n   is  c a r r i e d   out  at  a  tempera ture   in  the  range  of  about  110° 

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

a  per iod  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  t h e  

water.   Light  hydrocarbons   conta ined   in  the  oil   tha t   boi l   under  t h e  

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 ,   will   be,  of  course ,   s e p a r a t e d  

from  the  oi l   along  with  the  w a t e r .  

The  h e a t i n g   in  step  (c)  is  p r e f e r a b l y   c a r r i e d   out  at  a 

t empera tu re   in  the  range  of  about  340°  to  about  370°C.  Gene ra l l y ,   t h e  

time  tha t   a  volume  of  oil  wi l l   be  exposed  to  heat  step  (c)  wi l l   be  in  t h e  

range  of  about  5  minutes  to  about  an  hour,  more  p r e f e r a b l y   about  15 

minutes  to  about  30  m i n u t e s .  

The  so l i d s   are  p r e f e r a b l y   separa ted   from  the  product   of  s t e p  
(d)  by  f i l t e r i n g .   Gene ra l l y ,   i t   i s  - d e s i r a b l e   to  use  a  f i l t e r   aid  in  t h e  

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  useful   in  the  p r a c t i c e   of  t h i s  

i nven t ion   inc lude   those  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

diatomaceous  e a r t h ,   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  advantages   of  the  i n s t an t   i nven t ion   wi l l   now  be 

i l l u s t r a t e d   by  the  fo l lowing   examples .  

Example  1 

Four  d i f f e r e n t   p o r t i o n s   of  a  t yp i ca l   used  oil   were  sub j ec t ed   t o  

d i f f e r e n t   p r o c e s s i n g   t e c h n i q u e s   in  an  attempt  to  remove  ash  forming  com- 

ponents  by  f i l t r a t i o n .   The  four  d i f f e r e n t   p roces s ing   t echn iques   were  as 

f o l l o w s :  

Method  1 -  F i r s t ,   100  g  of  the  used  oil   was  placed  in  a  250  ml 

beaker  and  heated  with  s t i r r i n g   to  350°F,  then  t r a n s f e r r e d   to  a  250  ml 

f lask   where  h e a t i n g   was  cont inued  under  n i t rogen  to  660°F.  The  oil  was 

held  at  a  t e m p e r a t u r e   between  660°  and  670°F  for  70  minutes ,   then  a l l owed  

to  cool  to  220°F.  The  oil   was  then  reheated  to  300°F,  1.0  g  of  Celatom 

FP-4  f i l t e r   aid  added,  and  then  heated  to  350°F  whereupon  the  oil  was 

f i l t e r e d   through  5  g  Celatom  FP-4  f i l t e r   aid  on  Whatman  #1  f i l t e r   p a p e r  
in  a  5.8  cm  Buchner  f u n n e l .  

Method  2 -  Again  100  g  of  the  used  oil  was  placed  in  a  250  ml 

beaker  and  heated  with  s t i r r i n g   to  200°F  whereupon  there  was  added 

the re to   6  ml  of  an  aqueous  s o l u t i o n   conta in ing   about  273 g  (NH4)2HPO4  p e r  



l i t e r   of  s o l u t i o n .   Heat ing   was  con t inued   to  380°F,  then  the  m i x t u r e  

t r a n s f e r r e d   into  a  f l a s k   w h e r e  h e a t i n g   was  con t inued   under  n i t r o g e n   t o  

660°F.  The  oi l   was  held  at  6 6 0 ° F  f o r   70  minutes  then  cooled  to  180°F .  

The  oi l   was  then  r ehea t ed   to  300°F,  1.0  g  of  Celatom  FP-4  f i l t e r   a i d  

added,  and  then  heated   to  350°F  whereupon  the  o i l  was   f i l t e r e d   through  5 

g  of  Celatom  FP-4  f i l t e r   aid  on Whatman  #1  f i l t e r   paper  in  a  5 . 8   cm 

Buchner  f u n n e l .  

Method  3 -  100  g  of  the  used  o i l  w a s   p laced   in  a  250  ml  b e a k e r  

and  heated   with  s t i r r i n g   t o  200°F   whereupon  t he re   was  a d d e d  t h e r e t o   6  ml 

of  an  aqueous  s o l u t i o n   c o n t a i n i n g   abou t  273   g  (NH4)2HP04  per  l i t e r   o f  

s o l u t i o n .   Heat ing   was  con t inued   to  380°F,  then  t h e  m i x t u r e   t r a n s f e r r e d  

into  a  f l a s k   where  b e a t i n g  w a s   con t inued   under  n i t r o g e n   to  a  t e m p e r a t u r e  

in  the  range  of  660°  to  670°F  and  held  at  a  t e m p e r a t u r e   above  500°F  for  30 

minutes .   Then  the  mixture   was  cooled  to  320°F  and  1.0  g  of  Cela tom  FP-4  

added,  and  then  heated  to  350°F  whereupon  the  oi l   w a s  f i l t e r e d   t h r o u g h  

5  g  of  Celatom  FP-4  f i l t e r   aid  on  Whatman  #1  f i l t e r   paper   in  a  5.8  cm 

Buchner  f u n n e l .  

Method  4  -   100  g  o f  t h e   used  oi l   was  p laced   in  a  beaker   and 

heated  with  s t i r r i n g   to  200°F  whereupon  there   was  added  t h e r e t o   6  ml  o f  

an  aqueous  s o l u t i o n   c o n t a i n i n g   273  g  (NH4)2HP04 per  l i t e r   of  s o l u t i o n .  

Heat ing  was  con t inued   to  350°F,  then  1.0 g  of  Cela tom  FP-4  added,  a n d  t h e  

mixture   held  at  350°F  for  ano ther   5  minutes .   Then  the  mixture  was 

f i l t e r e d   th rough   5  g  of  Celatom  FP-4  f i l t e r   aid  o n  W h a t m a n  # 1  f i l t e r  

paper  in  a  5.8  cm  Buchner  f u n n e l .  

The  e f f e c t s   of  these   four  d i f f e r e n t   p r o c e s s i n g   t echn iques   a r e  

summarized  in  Table  I .  



The  data  i n d i c a t e s   tha t   Method  1,  the  heat  soaking  t r e a t m e n t  

without   the  phospha te   r e a c t i o n ,   provides  some  r e d u c t i o n   in  the  o v e r a l l  

ash  con ten t .   The  most  no tab le   r educ t ions   with  Method  1  were  in  the  con-  

c e n t r a t i o n   of  lead  and  zinc.   The  c o n c e n t r a t i o n   of  many  of  the  o t h e r  

elements  was  not  reduced  s u b s t a n t i a l l y   through  the  use  of  Method  1.  The 

more  no tab le   e lements   in  th is   category  are  barium,  calcium,  p h o s p h o r u s ,  

magnesium,  and  i r o n .  



The  data  f u r t h e r   i n d i c a t e   t h a t ' i n   a l l   c a se s .  i n  wh ich   the  o i l  

was  r e a c t e d   with  the  p h o s p h a t e s ,   the  f i l t r a t i o n   r a t e s   and  the  o v e r a l l   a s h  

r e d u c t i o n   were  g r e a t e r   than  t ha t   ob ta ined   with  Method  1  where  h i g h  

t e m p e r a t u r e   heat  soaking  alone  was  employed.  

The  va lues   given  for  Methods  2  and  3  revea l   t ha t   the  use  of  t h e  

heat  soak  t r e a t m e n t   subsequen t   to  the  r e a c t i o n   with  the  p h o s p h a t e  

p rov ides   an  improvement  in  f i l t r a t i o n  r a t e   and  ash  r e d u c t i o n   even  o v e r  
Method  4,  the  t r e a t m e n t   us ing  the  phosphate   r e a c t i o n   wi thout   the  h e a t  

soak  s t ep .   It  is  f u r t h e r   shown  t ha t   for  at  l e a s t  c e r t a i n   e lements   t h e  

heat  soak  t r e a t m e n t   p r o v i d e s   a  r e d u c t i o n   in  c o n c e n t r a t i o n   over  t h a t   o f  

Method  4  t h a t   is  much  g r e a t e r   than  one  would  p r e d i c t   from  e f f e c t   t h a t   t h e  

heat  soak  alone  ( i . e . ,   Method  1)  had  upon  those  e lements .   For  e x a m p l e ,  

the  heat   soak  of  Method  1  only  r e s u l t e d  i n  a b o u t   a 24  pe rcen t   r e d u c t i o n  

in  phosphorus   of  the  raw  oi l   whereas  the  heat  soak  of  Methods  2  and  3 

r e s u l t e d   r e s p e c t i v e l y   in  82  and  85  p e r c e n t   r e d u c t i o n s   in  the  amount  o f  

phosphorus   p r e s e n t   a f t e r   the  t echn ique   employed  in   Method  4.  S i m i l a r  

o b s e r v a t i o n s   can  be  made  in  regard  to  the  comparat ive  l e v e l s   of  r e d u c t i o n  

of  z inc ,   ca lc ium,   boron,   and  i r o n .  

I t   wi l l   b e  n o t e d   t h a t   for  some  elements  some  of  the  t r e a t m e n t s  

e v i d e n t l y   r e s u l t e d   in  an   i n c r e a s e   in  c o n c e n t r a t i o n  o v e r  t h a t   of  the  raw 

o i l .   This  phenomena  is  not  u n d e r s t o o d  a t   t h i s   time  but  i t  i s   b e l i e v e d  

tha t   i t   may  be  a t  l e a s t   i n  p a r t   a  r e s u l t   of  s o m e  i n t e r a c t i o n   between  t h e  

oil   and  the  f i l t e r   a i d .  

In  any  case  i t   is  noted  tha t   w h i l e  t h e   sodium  con ten t   i s  

i n c r e a s e d   with  both  Methods  1  and  4,  i t   is  decreased   with  t h e  i n v e n t i v e  

Methods  3  and  4.  This  is  yet  another   i n d i c a t i o n   o f  t h e   s u r p r i s i n g  

s u p e r i o r i t y   of  the  p r e s e n t   i n v e n t i o n   over  the  p r i o r   a r t   t e c h n i q u e  

e x e m p l i f i e d   by  Method  4.  

Example  I I  

A  number  of  i n d i v i d u a l   samples  o f  u s e d   motor  o i l s  h a v i n g  

d i f f e r e n t   l e v e l s   of  a s h - f o r m i n g   contaminants   were  s u b j e c t e d   to  t h e  

r e a c t i o n   with  (NH4)2HP04 and-  dr ied   both  wi th  and   wi thout   a  s u b s e q u e n t  

heat  soak  pe r iod   at  a  t e m p e r a t u r e   in  the  range  of  320°  to   420°C.  In  a l l  

cases  the  samples  t r e a t e d   with  the  heat   soak  f i l t e r e d   at  l e a s t   as  f a s t   as  

the  samples  not  t r e a t e d   with  the  heat  soak.  U s u a l l y  t h e   s a m p l e s  t h a t  

were  s u b j e c t e d   to  the  heat   soak  f i l t e r e d   at  a  f a s t e r   ra te   than  t h e  

c o r r e s p o n d i n g   samples  t h a t   were  not  sub jec ted   to  the  h e a t  s o a k   p e r i o d .  

In  a l l   cases  the  p roduc t   r e s u l t i n g  f r o m   t h e  r u n s   u s i n g  t h e   heat   soak  



conta ined  less  ash  than  the  product   r e s u l t i n g   from  the  co r r e spond ing   o i l  

that   was  not  s u b j e c t e d   to  the  heat  t r ea tmen t   p r o c e s s .  
The  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   usefu l   in  a  process   f o r  

c o n v e r t i n g   a  used  oi l   into  premium  stock  for  the  p r e p a r a t i o n   of  new  l u b -  

r i c a t i n g   o i l .   In  accordance   with  such  a  p roces s ,   the  e s s e n t i a l l y   ash  

free  oil   s tock  from  step  (e)  of  th is   i nven t ion   is  sub jec t ed   t o  

h y d r o t r e a t i n g   in  the  presence   of  hydrogen  and  a  h y d r o t r e a t i n g   c a t a l y s t  

under  c o n d i t i o n s   of  t empera tu re   and  p r e s s u r e   and  time  s u f f i c i e n t   t o  

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

he teroa tom  compounds  and  then  s t r i p p i n g   the  h y d r o t r e a t e d   oi l   to  drive  o f f  

l i gh t   compounds  b o i l i n g   below  the  lube  oil  stock  r a n g e .  

Figure  1  p rov ides   a  schematic  r e p r e s e n t a t i o n   of  such  a 

p rocess .   R e f e r r i n g   now  to  Figure  1,  used  oil  from  s torage   tank  101  i s  

passed  via  l ine  102  to  hea te r   103  and  con t ac to r   106.  Aqueous  t r e a t i n g  

agent  such  as  diammonium  hydrogen  phosphate  from  makeup  tank  105  i s  

i n t roduced   via  l ine   104.  If  d e s i r ed ,   agent  p r e c u r s o r s   ammonia, 

phosphor ic   ac id ,   and  water  can  be  i n t roduced   into  the  heated  o i l  

downstream  of  h e a t e r   103,  thereby  forming  the  t r e a t i n g   agent  in  s i tu   i n  

l ine  102  and  c o n t a c t o r   106.  The  oil  from  hea ter   103  is  passed  i n  

admixture  with  t r e a t i n g   agent  into  the  f i r s t   a g i t a t e d   con t ac to r   106 

wherein  the  mixture   is  main ta ined   under  a g i t a t i o n   for  a  time  s u f f i c i e n t  

to  reac t   with  at  l e a s t   a  po r t ion   of  the  ash-forming  components  in  t h e  

o i l .   P r e f e r a b l y ,   a  r ecyc le   stream  is  passed  through  conduit   152  to  pump 
153  and  then  through  hea te r   154  before   i t s   r e tu rn   to  c o n t a c t o r   106, 

thereby  p r o v i d i n g   heat  and  a g i t a t i o n   to  the  contents   of  the  c o n t a c t o r .  

S t i r r i n g   means  also  can  be  employed.  

T h e r e a f t e r   the  mixture  is  passed  via  condui t   107  to  second 

con tac to r   109,  which  is  main ta ined   at  a  t empera tu re   in  the  range  of  abou t  

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 

major  p o r t i o n   of  the  water  and  at  l e a s t   some  of  the  l i gh t   h y d r o c a r b o n s  

p resen t   t h e r e i n .   Thus,  while  r e t a ined   in  c o n t a c t o r   109,  e s s e n t i a l l y   a l l  

of  the  water  and  at  l e a s t   a  po r t ion   of  the  l igh t   hydrocarbon  components 

of  the  mixture  are  removed  via  l ine  110  and  passed  to  s e p a r a t o r   111 

wherein  a  hydrocarbon  layer   and  a  water  layer   are  allowed  to  form.  The 

hydrocarbon  phase  can  then  be  t r a n s f e r r e d   via  l ine  112  to  s torage   113. 

The  water  layer   can  be  removed  and  d i scarded   or  employed  for  any  d e s i r e d  

purpose.   P r e f e r a b l y ,   a  recycle   stream  is  passed  through  conduit   155  t o  

pump  156  and  then  through  hea ter   108  before  i ts   r e tu rn   to  con tac to r   109, 



the reby   p r o v i d i n g   hea t   a n d  a g i t a t i o n   to  the  c o n t e n t s  . o f   the  r e a c t o r .  

S t i r r i n g   means  also  can  be  employed .  

The  r e s u l t i n g   mix ture   c o m p r i s i n g  a  h o t  o i l   phase  which  i s  

e s s e n t i a l l y   free  of  w a t e r  i s   passed  via  condui t  114   to  a  t h i r d   c o n t a c t o r  

wherein  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 empera tu re   in  the  range  o f  

about  140  to  about  200°C  t o  r e m o v e  a d d i t i o n a l  w a t e r   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 tream  is  passed  through  condui t   157 

to  pump  158  and  then  th rough  h e a t e r   115  be fo r e   i t s  r e t u r n   to  c o n t a c t o r  

116,  t he r eby   p r o v i d i n g  h e a t   and  a g i t a t i o n  t o   the  con ten t s   of   t h e  

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   hydrocarbons   are  r e m o v e d  f r o m  

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  o f  c o n t a c t o r s   106,  109  and 

116  can  be  p rovided   with  j a c k e t s   hea ted   by  steam  or  other   source  of  h e a t  

to  aid  in  m a i n t a i n i n g   the  con ten 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  o f   c o n t a c t o r s   106,  109  and  116 can  b e  

equipped  with  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 .   I n  a n  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 angemen t ,   a  s t i r r e r   in  any one  or  more  o f  

the  th ree   c o n t a c t o r s   can  be  used  i n s t e a d   of  the  r ecyc le   system  employed 

with  the  c o r r e s p o n d i n g   one  or  more  of  the  t h r e e  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   being  p rov ided   by  h e a t e r s   i n  t h e   l ine   ahead  of  t h e  

c o n t a c t o r s   and/or   by  hea ted   j a c k e t s  a r o u n d   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   of  condui t s   103,  107  and  114  can  feed  i n t o  

the  r e cyc l e   stream  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 . ,  

in to  condu i t s   152,  155  and  157,  r e s p e c t i v e l y ,   i n s t ead   of  d i r e c t l y   i n t o  

the  r e s p e c t i v e   c o n t a c t o r   as  shown.  In  o n e  p r e f e r r e d  t e c h n i q u e   the  f e e d  

in  condui t   102,  r a t h e r   than  being  passed  d i r e c t l y   into  c o n t a c t o r   106,  i s  

passed  in to   condui t   152  at  the  i n l e t   side  of  pump 153.  In  a   s t i l l  m o r e  

p r e f e r r e d   t e c h n i q u e ,   pump  153  is  a  high-volume  pump  tha t   w i l l   cause  t h e  

oil  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  decrease   s c a l i n g   in  the  condui t   152.  

The  heated  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  1 6 4   wherein  the  mixture   is  s u b -  

j e c t e d   to  a g i t a t i o n   at  a  t empera tu re   in  t h e  r a n g e   of  a b o u t  3 2 0 °  t o   a b o u t  

420°C  for  a  per iod   of  time  s u f f i c i e n t   to  r e s u l t  i n   a  p r o d u c t  w h i c h   when 

l a t e r   f i l t e r e d   wil l   c o n t a i n   less  a s h  t h a n   i t  w o u l d  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 ecyc le   stream  is  passed  through  c o n d u i t  

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

c o n t a c t o r   164,  t he reby   p r o v i d i n g   h e a t  a n d   a g i t a t i o n   to  the  con ten t s   o f  



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

from  c o n t a c t o r   164  via  l ine   168. 

Treated  oil   from  c o n t a c t o r   164  is  passed  through  condui t   169 

through  a  cooler   170  wherein  the  oil  is  cooled  to  a  t empera tu re   in  t h e  

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

171  wherein  it   is  admixed  with  f i l t e r   aid  provided  via  conduit   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   hydrocarbons  provided  from  makeup  t a n k  

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  par t   as  a  r e s u l t   of  pass ing   i n  

i n d i r e c t   heat  exchange  with  the  feed  pass ing   through  l ine  102  whereby  t h e  

heat  in  the  oil  in  l ine   120  is  used  to  heat  the  feed  oil  in  l ine  102. 

Fol lowing  admixture  of  f i l t e r   aid,  the  r e s u l t i n g   mixture  i s  

passed  via  l ine  172  to  f i l t e r   121,  which  o p t i o n a l l y   can  be  p recoa ted   w i t h  

f i l t e r   aid.  The  use  of  the  heat  soak  step  of  the  p resen t   i nven t ion   can  i n  

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   aid  r equ i red   f o r  

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 l y   passed  to  furnace  148  from  which,  fo l lowing  burning  o r  

c a l c i n a t i o n ,   at  l e a s t   a  po r t i on   of  the  r e s u l t i n g   ash  con t a in ing   f i l t e r  

aid  can  be  passed  to  waste  via  l ine  149  or  recycled  via  condui ts   120  and 

160  to  s l u r ry   makeup  tank  119  for  f u r t h e r   use  in  the  system.  F r e s h  

f i l t e r   aid  is  added  through  conduit   160.  Light  hydrocarbons  for  use  i n  

p r e p a r i n g   the  s l u r r y   can  be  recovered  from  the  i n t e g r a t e d   process   and  can 

be  passed  to  tank  119  via  condui t   151. 

The  f i l t e r e d   o i l ,   being  e s s e n t i a l l y   free  of  a s h - f o r m i n g  

c o n s t i t u e n t s   p r e v i o u s l y   conta ined  t h e r e i n ,   is  s u i t a b l e   for  a  v a r i e t y   o f  

i n d u s t r i a l   uses  and,  if  d e s i r e d ,   can  be  removed  from  the  system  via  l i n e  

123. 

However,  in  the  p r e s e n t l y   p r e f e r r e d   i n t e g r a t e d   process   of  t h i s  

i n v e n t i o n ,   the  hot  oil  fo l lowing   f i l t r a t i o n   is  passed  via  l ine  122  t o  

hea te r   125  in  order  to  ra i se   the  oil  to  a  t empera ture   in  the  range  of  200° 

to  480°C  for  f u r t h e r   p r o c e s s i n g .   If  d e s i r ed ,   a  f i r s t   po r t ion   of  hydrogen  

is  added  t h e r e t o   via  l ine  124.  The  r e s u l t i n g   hot  oil  con ta in ing   t h e  

added  hydrogen  is  then  passed  through  con tac to r   126  w h e r e i n  

decomposi t ion   is  e f f ec t ed   of  the  s u l f o n a t e s   contained  in  the  o i l .  

While  it   is  p r e s e n t l y   p r e f e r r e d   that   con tac to r   126  c o n t a i n  

bauxi te   or  an  a c t i v a t e d   carbon  adsorbent   bed  t h e r e i n ,   this   unit   can 

employ  other  adsorbents   such  as  those  s e l ec t ed   from  the  group  c o n s i s t i n g  



of  s i l i c a   ge l ,   c lay ,   a c t i v a t e d   a l u m i n a ,  c o m b i n a t i o n s   t h e r e o f ,   and  t h e  

l i ke .   The  a d s o r b e n t   serves   to  e f f e c t   breakdown  and  decompos i t ion   of  t h e  

ammonium  s a l t s  o f   s u l f o n i c   acids   and  t h e  a s h l e s s   d e t e r g e n t s   con ta ined   i n  

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  smal l   p o r t i o n  o f   t h e  

r e s u l t i n g   p r o d u c t s   and  thus  p r e c l u d e s   passage  of  such  u n d e s i r a b l e  

decompos i t i on   p roduc t s   to  the  h y d r o t r e a t e r .   S u c h  a d s o r b e n t s   c a n  b e  

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 .  

The  i n v e n t i v e   heat  soak  s t e p  r e s u l t s   in  a  s u b s t a n t i a l   d e c r e a s e  

in  the  amount  of  s u l f o n a t e s   and  ash  in  the  f i l t e r e d  o i l ,   and  thus  r e d u c e s  

the  amount  of  s o l i d  a b s o r b e n t  t h a t  m u s t   be  used  in  the  s y s t e m .  

P r e f e r a b l y ,   the  a d s o r b e n t  c o n t a i n s   about  0.2  to  about  20 

weight  p e r c e n t   of  a t  l e a s t   one  m e t a l  s e l e c t e d  f r o m  t h e   g r o u p  c o n s i s t i n g  
of  Group  VIB  and  Group  VIII  me ta l s ,   th i s   weight  p e r c e n t   being  based  on 
the  t o t a l   weight   of  modif ied   a d s o r b e n t .  T h i s   modif ied  ad so rben t   can  be  

p repared   by  i m p r e g n a t i o n   of  the  a d s o r b e n t  w i t h   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  V I I I  m e t a l ,   fo l lowed  by  

e v a p o r a t i o n   of  water .   W a t e r - s o l u b l e  c o m p o u n d s   p r e s e n t l y   p r e f e r r e d  f o r  

th i s   use  are  i ron   compounds  s u c h  a s   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   a m m o n i u m s u l f a t e .  

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

126  via  l ine   127  to  h y d r o t r e a t e r   128 ,  which   is  m a i n t a i n e d  a t   an  e l e v a t e d  

t e m p e r a t u r e ,   which  serves   to  e f f e c t   d e s t r u c t i o n  o f   the  v a r i o u s  a d d i t i v e  

systems  p r e v i o u s l y   added  to  the  o r i g i n a l   oil   s tock.   Hydrogen  f o r  t h e  

de s i r ed   h y d r o t r e a t i n g   r e a c t i o n   is  i n t r o d u c e d  t o   the  system  via  l ine   129 

in  communicat ion  with  l ine   1 2 7  o r ,  i f   d e s i r e d ,   d i r e c t l y   to  t h e  

h y d r o t r e a t e r   128 .  

In  h y d r o t r e a t e r   128  the  oi 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   in  the  p re sence   of  a  c a t a l y s t   so  as  t o  h y d r o g e n a t e   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   decompos i t ion   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   bodies   so  as  t o  y i e l d   an  oil   p r o d u c t  s u i t a b l e   for  f u r t h e r  

p u r i f i c a t i o n   to  a  lube  s t o c k .  

S u i t a b l e   c a t a l y s t s   f o r  u s e  i n   h y d r o t r e a t e r  1 2 8   are  t h o s e  

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  a n d  

combina t ions   t h e r e o f ,   on  a  r e f r a c t o r y   suppor t ,   used  in  c o n v e n t i o n a l  

h y d r o d e s u l f u r i z a t i o n   p r o c e s s e s .  

Fo l lowing   h y d r o t r e a t i n g ,   the  r e s u l t i n g  o i l   i s  p a s s e d   v i a  

condui t   130  to  s e p a r a t o r - r e f l u x   column  131 which  serves  to  remove  w a t e r  

and  va r ious   o the r   b y - p r o d u c t s   of  the  p r e v i o u s  t r e a t m e n t s  f r o m   t h e  o i l .  



If  d e s i r e d ,   and  p a r t i c u l a r l y   when  HC1  is  p r e s e n t ,   water  can  be  i n j e c t e d  

into  column  131  to  aid  in  removal  of  most  of  any  HC1  and  par t   of  the  H2S 
and  NH3 as  w a t e r - s o l u b l e   s a l t s .   Overhead  from  column  131  c o m p r i s i n g  

hydrogen,  H2S, NH3,  and  water  is  passed  via  l ine  132  to  su l fu r   removal  

unit   133.  This  u n i t ,   for  example,  a  bed  of  zinc  oxide,   serves  to  remove 

H25  ( s u l f u r )   from  the  hydrogen  stream.  The  r e s u l t i n g   s u l f u r - f r e e  

hydrogen  stream  is  t h e r e a f t e r   passed  via  l ine   134  to  cooler   135.  Ammonia 

is  then  removed,  for  example,  by  water  washing  in  an  ammonia  removal  u n i t  

(not  shown)  in  conduit   136.  Hydrogen  is  then  recyc led   via  conduit   136  t o  

l ine  129. 

An  example  of  another   m a t e r i a l   usefu l   in  uni t   133  is  i r o n  

oxide.  A l t e r n a t i v e l y ,   a  so lvent   process   can  be  employed  using  s u b s t a n c e s  

such  as  a lkano lamines   and/or  other  amines,  the  H2S  subsequen t ly   b e i n g  

oxidized  to  su l fu r   in  a  C laus - type   p r o c e s s .  
The  bottoms  product   from  column  131  is  passed  via  l ine  137  t o  

lubes tock   s t r i p p e r   138  wherein  a  f u r t h e r   steam  t r ea tmen t   is  ca r r i ed   ou t  

by  i n t r o d u c t i o n   of  steam  via  l ine   139.  

S t r i p p i n g ,   p r e f e r a b l y   steam  s t r i p p i n g ,   of  the  oil   is  e s s e n t i a l  

to  the  i n t e g r a t e d   process   of  th i s   i nven t ion   since  i t   serves  to  remove 

those  l i g h t   hydrocarbon  products   b o i l i n g   below  the  o i l ,   such  as  k e r o s e n e  

or  heavy  g a s o l i n e ,   which  have  remained  en t r a ined   in  the  oil   or  which  a r e  

by-p roduc t s   of  the  hydrogena t ion   t r e a t m e n t .   A l t e r n a t i v e l y ,   gas 

s t r i p p i n g   such  as  with  hydrogen  can  be  employed.  

The  r e s u l t i n g   hot  s t r i p p e d   p roduc t ,   c o n s i s t i n g   e s s e n t i a l l y  

of  a  pure  lube  oil   s tock ,   fo l lowing   cool ing  such  as  by  use  in  h e a t  

exchanger  125,  is  t h e r e a f t e r   passed  via  l ine  141  to  a  lube  oil  s t o c k  

product   tank  (not  shown)  for  s torage   and  subsequent   use  as  an  a d d i t i v e -  

free  lube  oil   stock  s u i t a b l e   for  r e f o r m u l a t i o n   with  a d d i t i v e s   as  d e s i r e d .  

Overhead  from  s t r i p p e r   138,  which  c o n s i s t s   e s s e n t i a l l y   of  f u e l  

oil  and  water ,   is  passed  via  l ine  142  to  s e t t l e r   143,  where  a  hydroca rbon  

phase  144  and  a  water  layer   145  are  allowed  to  form.  The  hydroca rbon  

layer  144  is  removed  via  l ine  146  and  combined,  if  de s i r ed ,   with  t h e  

hydrocarbon  phase  in  s torage   tank  113  for  f u r t h e r   use  or  recycled  t o  

f i l t e r   aid  makeup  tank  119  via  l ine  151.  The  small  amount  of  gases  

presen t   in  l ine  146  can  be  removed  by  f l a s h i n g .  

Depending  upon  the  f e e d s t o c k ,   t r e a t i n g   agent  and  o t h e r  

c h a r a c t e r i s t i c s   of  a  p a r t i c u l a r   o p e r a t i o n ,   as  one  s k i l l e d   in  the  art  i n  

pos se s s ion   of  th is   d i s c l o s u r e   wil l   unde r s t and ,   the  s p e c i f i c   c o n d i t i o n s  



of  o p e r a t i o n   given  below  can  vary ,   p r e f e r a b l y   w i th in   the  a p p r o x i m a t e  

ranges  which  are  also  g i v e n .  



Reasonable   v a r i a t i o n s   and  m o d i f i c a t i o n s   are  p o s s i b l e   w i t h i n  

the  scope  of  the  fo regoing   d i s c l o s u r e ,   the  drawings,   and  the  appended 

claims  of  the  i n v e n t i o n ,   the  essence  of  which  is  tha t   there   has  been  

provided  an  improved  method  for  t r e a t i n g   used  l u b r i c a t i n g   oil   so  as  t o  

produce  an  i n t e r m e d i a t e   product   of  reduced  ash  conten t   and  o p t i o n a l l y   a 

f i na l   lube  oi l   s t o c k .  



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   a  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 ,   s a i d   p r o c e s s   c o m p r i s i n g :  

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

ammonium  s a l t   u n d e r   c o n d i t i o n s   s u f f i c i e n t   to   d i s -  

p e r s e   s a i d   a g e n t   in   s a i d   l u b r i c a t i n g   o i l   and  to   r e -  

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

l u b r i c a t i n g   o i l ;  

(b)  r e m o v i n g   a  m a j o r   p o r t i o n   of  t h e   w a t e r   f r o m   t h e   m i x -  

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

and  s a i d   l u b r i c a t i n g   o i l ;  

(c)  h e a t i n g   a t   l e a s t   a  p o r t i o n   of  t h e   p r o d u c t   r e s u l t i n g  

f rom  s t e p   (b)  in   t h e   t e m p e r a t u r e   r a n g e   of  a b o u t  

320°  to   a b o u t   420°C  f o r   a  p e r i o d   of  t i m e   s u f f i c i e n t  

to   d e c o m p o s e   a t   l e a s t   a  p o r t i o n   of  any  a m m o n i u m  

s a l t s   of   s u l f o n i c   a c i d   and  d i a l k y l d i t h i o p h o s p h o r i c  

a c i d   t h a t   a r e   c o n t a i n e d   t h e r e i n ;  

(d)  a d j u s t i n g   t h e   p r o d u c t   f r o m   s t e p   (c)  to   a  t e m p e r a -  

t u r e   in  t h e   r a n g e   of  a b o u t   100°  to   a b o u t   1 8 0 ° C ;  

a n d  

(e)  s e p a r a t i n g   s o l i d s   f rom  t h e   p r o d u c t   of  s t e p   ( d ) ,  

a n d ,   o p t i o n a l l y ,  
(f)  h y d r o t r e a t i n g   t h e   f i l t e r e d   o i l   f r o m  s t e p   (e)  b y  

c o n t a c t i n g   s a i d   o i l   w i t h   h y d r o g e n  a n d   a  h y d r o t r e a -  

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

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

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

h e t e r o a t o m   c o m p o u n d s ;  

(g)  s t r i p p i n g   t h e   h y d r o t r e a t e d   o i l   of  s t e p   (f)  t o   d r i v e  

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

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



(h)  r e c o v e r i n g   t h e   r e s u l t i n g   s t r i p p e d   o i l   f rom  s a i d  

s t r i p p i n g   zone  as  a  p r o d u c t   of  t h e   p r o c e s s .  

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  w h e r e i n   s a i d   l u b r i c a -  

t i n g   o i l   i s   a  u s e d   o i l   and  s a i d   s o l i d s   a r e   s e p a r a t e d  

f r o m   t h e   p r o d u c t   of  s t e p   (d)  by  f i l t r a t i o n .  

3.  A  p r o c e s s   a c c o r d i n g   to  a t   l e a s t   one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   c o n c e n t r a t i o n   of  ammonium  s a l t   i n  

s a i d   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   i s   in  t h e  

r a n g e   of  30  to   95  p e r c e n t   of  t h a t   in  an  a q u e o u s  
s o l u t i o n   t h a t   i s   s a t u r a t e d   w i t h   t h e   t r e a t i n g   a g e n t   a t  

2 5 ° C .  

4.  A  p r o c e s s   a c c o r d i n g   to  a t   l e a s t   one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   s a i d   t r e a t i n g   a g e n t   i s   p r e s e n t   in  a n  

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

u s e d   l u b r i c a t i n g   o i l   i s  i n  t h e   r a n g e   of  0 . 0 0 2 : 1   to   0 . 0 5  

:  1 .  

5.  A  p r o c e s s   a c c o r d i n g   to  at   l e a s t   one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   s a i d   t r e a t i n g   a g e n t   i s   s e l e c t e d   f r o m  

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

s u l f a t e ,   u r e a   p h o s p h a t e ,   and  g u a n i d i n e   p h o s p h a t e .  

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  w h e r e i n   s a i d   a m m o n i u m  

s a l t   i s   s e l e c t e d   f rom  at  l e a s t   one  of  t h e   g r o u p   c o n s i -  

s t i n g   of  ammonium  s u l f a t e ,   ammonium  b i s u l f a t e ,   ammo- 

nium  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 ,   a n d  

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

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  w h e r e i n   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   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 .  

8.  A  p r o c e s s   a c c o r d i n g   to  at  l e a s t   one  of  t h e   p r e c e d i n g  



c l a i m s   w h e r e i n   s a i d   t r e a t i n g   a g e n t   i s   e m p l o y e d   in   a n  

a m o u n t   s u f f i c i e n t   to   r e a c t   w i t h   e s s e n t i a l l y   a l l   of  t h e  

m e t a l   c o n s t i t u e n t s   in  t h e   u s e d   o i l .  

9.  A  p r o c e s s   a c c o r d i n g   t o   a t   l e a s t   one  of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   m i x t u r e   i n  s t e p   (a)  i s   m a i n t a i n e d  

a t   t h e   t e m p e r a t u r e   of  60°  t o   120°C  f o r   a  p e r i o d   of  t i m e  

in   t h e   r a n g e   of   f r o m   10  t o   120  m i n u t e s   and  t h e   m i x t u r e  

in  s t e p   (b)  i s   m a i n t a i n e d   a t   t h e   t e m p e r a t u r e   of  1 1 0 °  t o  

140°C  f o r   a  p e r i o d   of  t i m e   in   t h e   r a n g e   of   f rom  10  t o  

120  m i n u t e s   so  as  to   r e m o v e   s a i d   m a j o r   a m o u n t   of  w a t e r  

f r o m   s a i d   m i x t u r e .  

10.  A  p r o c e s s   a c c o r d i n g   to   a t   l e a s t   o n e  o f   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   m i x t u r e   in   s t e p   (c)  i s   m a i n t a i n e d   i n  

t h e   t e m p e r a t u r e   r a n g e   of  a b o u t   320°  to   a b o u t   420°C  f o r  

a  p e r i o d   o f   t i m e   in   t h e   r a n g e   of   a b o u t   5  m i n u t e s   t o  

a b o u t   two  h o u r s .  

11.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   10  w h e r e i n   t h e  m i x t u r e   i n  

s t e p   (c)  i s   m a i n t a i n e d   in  t h e   t e m p e r a t u r e   r a n g e   o f  

a b o u t   340°   t o   a b o u t   3 7 0 ° C  f o r   a b o u t   15  m i n u t e s   t o  

a b o u t   30  m i n u t e s .  

12.  A  p r o c e s s   a c c o r d i n g   to   a t   l e a s t   one  of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   a  f i l t e r   a i d   i s   a d d e d   to   s a i d   u s e d   l u -  

b r i c a t i n g   o i l   p r i o r   t o   f i l t r a t i o n   s t e p   ( c ) .  

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

i s   a d d e d   i n   an  a m o u n t   s u c h   t h a t   t h e   w e i g h t   r a t i o   o f  

f i l t e r   a i d   to   o i l   i s   up  to   0 . 1 5  :   1 .  

14.  A  p r o c e s s   a c c o r d i n g   to   a t   l e a s t   one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   f i l t e r e d   o i l   f rom  s t e p   (e)  p r i o r   t o  

b e i n g   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   s t e p   (f)  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°  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   t h e   g r o u p   c o n s i s t i n g   of  a c t i v a t e d   c a r b o n ,  



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

15.  A  p r o c e s s   a c c o r d i n g   to  a t   l e a s t   one  of  t h e   p r e c e d i n g  

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

a g e n t   a r e   c o n t a c t e d   in  a  f i r s t   c o n t a c t o r   a t   a  t e m p e r a -  

t u r e   in  t h e   r a n g e   of  60°  to  12.0°C  f o r   10  m i n u t e s   to   2 

h o u r s ,   and  t h e n   c o n t a c t e d   in  a  s e c o n d   c o n t a c t o r   a t   a  

t e m p e r a t u r e   in  t h e   r a n g e   of  110°  to   140°C  f o r   10  m i n u -  

t e s   to   2  h o u r s ,   and  t h e n   c o n t a c t e d   in  a  t h i r d   c o n t a c t o r  

a t   a  t e m p e r a t u r e   in   t h e   r a n g e   of  140°  to  200°C  f o r   10 

m i n u t e s   to   2  h o u r s ,   and  t h e n   in  a  f o u r t h   c o n t a c t o r   a t  

a  t e m p e r a t u r e   in  t h e   r a n g e   of  320°  to   420°C  f o r   5  m i n u -  

t e s   to   2  h o u r s ,   w h e r e i n   w a t e r   in  s a i d   a d m i x t u r e   of  s a i d  

l u b r i c a t i n g   o i l   and  s a i d   t r e a t i n g   a g e n t   i s  a l l o w e d  t o  e s -  

c a p e   as  v a p o r   f rom  s a i d   s e c o n d ,   t h i r d   and  f o u r t h   c o n -  

t a c t o r s .  

16.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   15  w h e r e i n   s a i d   l u b r i c a -  

t i n g   o i l   and  s a i d   t r e a t i n g   a g e n t   a r e   i n t r o d u c e d   i n t o  

s a i d   f i r s t   c o n t a c t o r   by  p a s s i n g   s a i d   l u b r i c a t i n g   o i l  

and  s a i d   t r e a t i n g   a g e n t   t h r o u g h   a  c e n t r i f u g e   pump  a l o n g  

w i t h   p o r t i o n s   of  t h e   c o n t e n t s   of  s a i d   f i r s t   r e a c t i o n  

z o n e .  
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