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Method  for  selectively  removing  basic  nitrogen  compounds  from  lube  oils  using  transition  metal  halides  and  transition  metal 
tetraf  I  uoroborates. 
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A  method  is  disclosed  for  the  selective  removal  of  basic 
nitrogen  compounds  (BNC)  from  natural  and  synthetic 
hydrocarbon  feedstocks,  which  method  comprises  mixing 
the  feedstock  oil  with  a  nonaqueous  solution  of  anhydrous 
nonpolymeric  Group  IVb*,  Group  Vb,  Group  Vlb,  Group  VIIb, 
the  non-noble  (iron  group)  metals  of  Group  VIII,  copper, 
zinc,  cadmium,  and  mercury  halides  (except  TiCl4  or  FeCl3) 
or  tetrafluoroborates,  complexed  with  non-aqueous  polar 
solvents  under  conditions  of  agitation  and  mild  heating 
whereby  the  basic  nitrogen  compounds  exchange  with  the 
polar  solvent  to  complex  with  the  above-recited  metal  ha- 
lides  and  metal  tetrafluoroborates.  The  oil  is  then  decanted 
to  separate  it  from  the  metal  halides:  BNC  complexes  and 
the  decantate  washed  with  a  polar  solvent,  which  preferably 
includes  water,  and  dried.  The  basic  nitrogen  compound- 
metal  halide  or  metal  tetrafluoroborate  complex  dissolves 
in  the  polar  solvent,  and  that  which  is  in  the  oil  is  removed 
by  the  polar  solvent  wash.  The  preferred  polar  solvent  for 
the  wash  step  is  water. 

The  anhydrous  nonpolymeric  metal  halide  or  metal 
tetrafluoroborate-nonaqueous  polar  solvent  complex  can  be 
used  as  such,  or  they  can  be  impregnated  onto  a  support 
material. 
*  Periodic  Table  according  to  "The  Handbook  of  Chemistry  and 
Physics",  published  by  the  Chemical  Rubber  Publishing  Company, 
Cleveland,  Ohio,  USA. 



A  m e t h o d   i s   d i s c l o s e d   f o r   t h e   s e l e c t i v e   r e m o v a l  

of   b a s i c   n i t r o g e n   c o m p o u n d s   (BNC)  f r o m   n a t u r a l   and  s y n t h e -  

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

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

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

s o l u t i o n   o f   a n h y d r o u s   n o n p o l y m e r i c   G r o u p   I V b ;   G r o u p   V b ,  

G r o u p  V I b ,   G r o u p   V I I b ,   t h e   n o n - n o b l e   ( i r o n   g r o u p )   m e t a l s  

of   G r o u p   V I I I ,   c o p p e r ,   z i n c ,   c a d m i u m   and   m e r c u r y   h a l i d e s  

( e x c e p t   T i C l 4   o r   F e C l 3 )   or   t e t r a f l u o r o b o r a t e s ,   c o m p l e x e d  

w i t h   n o n a q u e o u s   p o l a r   s o l v e n t s   u n d e r   c o n d i t i o n s   o f   m i l d  

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

e x c h a n g e   w i t h   t h e   p o l a r   s o l v e n t   t o   c o m p l e x   w i t h   t h e   a b o v e -  

r e c i t e d   m e t a l   h a l i d e s   and  m e t a l   t e t r a f l u o r o b o r a t e s .   T h e  

p r e f e r r e d   h a l i d e   i s   b r o m i d e ,   and   t h e   p r e f e r r e d   p o l a r   s o l -  

v e n t   i s   m e t h a n o l .   T h e  o i l   i s   t h e n   d e c a n t e d   t o   s e p a r a t e   i t  

f r o m   t h e   m e t a l   h a l i d e s :   BNC  c o m p l e x e s   a n d   t h e   d e c a n t a t e  

w a s h e d   w i t h   a  p o l a r   s o l v e n t ,   w h i c h   p r e f e r a b l y   i n c l u d e s  

w a t e r ,   and   d r i e d .   The  b a s i c   n i t r o g e n   c o m p o u n d - m e t a l   h a l i d e  

or   m e t a l   t e t r a f l u o r o b o r a t e   c o m p l e x   d i s s o l v e s   in   t h e   p o l a r  

s o l v e n t ,   and   t h a t   w h i c h   i s   in   t h e   o i l   i s   r e m o v e d   by  t h e  

p o l a r   s o l v e n t   w a s h .   The  p r e f e r r e d   p o l a r   s o l v e n t   f o r   t h e  

wash   s t e p   i s   w a t e r .   By  t h e   p r a c t i c e   o f   t h i s   m e t h o d ,   t h e  

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

a t   l e a s t   9 0 % .  

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

t e t r a f l u o r o b o r a t e - n o n a q u e o u s   p o l a r   s o l v e n t   c o m p l e x   c a n   b e  

u s e d   as  s u c h ,   o r   t h e y   c a n   be  i m p r e g n a t e d   o n t o   a  s u p p o r t  

m a t e r i a l   s u c h   as   s i l i c a ,   a l u m i n a ,   s i l i c a - a l u m i n a ,   f a u j a -  

s i t e ,   k a o l i n ,   c a r b o n ,   z e o l i t e ,   c o a l ,   v e r m i c u l i t e ,   e t c . ,  
and  u s e d   as   s u p p o r t e d   b a s i c   n i t r o g e n   c o m p o u n d   c o m p l e x a t i o n  

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

a f t e r   u s e   by  w a s h i n g   w i t h   p o l a r   s o l v e n t s .   They   r e c o v e r  

e s s e n t i a l l y   a l l   o f   t h e i r   c o m p l e x a t i o n   a b i l i t y .  

The  r e a c t i o n   c an   be  d e s c r i b e d   in   t e r m s   of   t h e  

f o l l o w i n g   f o r m u l a :  

*The  P e r i o d i c   Table  groups  used  in  th i s   p a t e n t   s p e c i f i c a t i o n   are  t h o s e  
of  the  P e r i o d i c   Table  acco rd ing   to  "The  Handbook  of  Chemist ry   and  P h y s i c s " ,  
pub l i shed   by  the  Chemical  Rubber  P u b l i s h i n g   Company,  C l eve l and ,   Ohio,  USA. 



w h e r e i n   M  i s   t h e   m e t a l   c o m p o n 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   o f   i r o n ,   c o b a l t ,   t i t a n i u m ,  m o l y b d e n u m ,   G r o u p   I V b ,  

Group   Vb,  G r o u p   V I b ,   G r o u p   V I I b ,   t h e   n o n - n o b l e   ( i r o n   g r o u p )  

of   Group   V I I I ,   c o p p e r ,   z i n c ,   c a d m i u m ,   m e r c u r y ;   X  i s   a  

h a l i d e   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   o f   c h l o r i d e ,   b r o -  

m i d e ,   i o d i d e ,   or   i s   t e t r a f l u o r o b o r a t e   e x c e p t   t h a t   when  M  i s  

t i t a n i u m   or   i r o n ,   X  c a n n o t   be  c h l o r i n e ;   n  i s   t h e   n u m b e r   o f  

X  a t o m s   s a t i s f y i n g   t h e   v a l e n c e   r e q u i r e m e n t s   o f . t h e   m e t a l  

a t   t h e   o x i d a t i o n   s t a t e   e m p l o y e d ;   Q  i s   t h e   c o m p l e x e d   n o n -  

a q u e o u s   p o l a r   s o l v e n t ;   z  i s   t h e   n u m b e r   of   n o n a q u e o u s   p o l a r  

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

w h e r e i n   M  i s   t h e   m e t a l   c o m p o n 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   o f   i r o n ,   c o b a l t ,   t i t a n i u m ,   m o l y b d e n u m ,   G r o u p   I V b ,  

Group   Vb,  G r o u p   V I b ,   G r o u p   V I I b ,   t h e   n o n - n o b l e   ( i r o n   g r o u p )  

of   Group   V I I I ,   c o p p e r ,   z i n c ,   c a d m i u m ,   m e r c u r y ;   X  i s   a  

h a l i d e   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   o f   c h l o r i d e ,  

b r o m i d e ,   i o d i d e ,   o r   i s   t e t r a f l u o r o b o r a t e ;   n  i s   t h e   n u m b e r  

o f   X  a t o m s   s a t i s f y i n g   t h e   v a l e n c e   r e q u i r e m e n t s   o f   t h e   m e t a l  

a t   t h e   o x i d a t i o n   s t a t e   e m p l o y e d ;   Q  i s   t h e   c o m p l e x e d   n o n -  

a q u e o u s   p o l a r   s o l v e n t ;   z  i s   t h e   n u m b e r   o f   n o n a q u e o u s   p o l a r  

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

The  m e t a l   M  i s   p r e f e r a b l y   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   o f   n i c k e l ,   c h r o m i u m ,   v a n a d i u m ,   z i n c ,   c o p p e r ,  

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

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

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

d i b r o m i d e ,   v a n a d i u m   d i b r o m i d e ,   z i n c   d i b r o m i d e ,   and   t h e  

c o p p e r ,   m a n g a n e s e ,   i r o n   and  c o b a l t   b r o m i d e s .   T h e s e   m e t a l  

b r o m i d e s   a r e   p r e f e r a b l y  c o m p l e x e d   w i t h   a  n o n a q u e o u s   p o l a r  

s o l v 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   m e t h a n o l ,  

e t h a n o l ,   a c e t o n e ,   a c e t o n i t r i l e ,   m o s t   p r e f e r a b l y   m e t h a n o l .  

Any  o i l   w h i c h   c an   be  b e n e f i t e d   by  t h e   r e m o v a l  

of   b a s i c   n i t r o g e n   c o m p o u n d s   c an   be  t r e a t e d   by  t h e   m e t h o d   o f  

t h e   i n s t a n t   i n v e n t i o n .   N a t u r a l   and  s y n t h e t i c   h y d r o c a r b o n  

f e e d s t o c k s ,   s u c h   as   t h o s e   d e r i v e d   f r o m   c o a l ,   t a r   s a n d s   o r  

o i l   s h a l e ,   e t c . ,   c a n   t h u s   be  p r o c e s s e d .   T y p i c a l   of   f e e d -  

s t o c k s   w h i c h   a r e   p r o c e s s e d   a r e   t h e   p e t r o l e u m   o i l s   d e s t i n e d  



f o r   u s e   as  l u b r i c a t i n g   or   t r a n s f o r m e r   o i l s  w h e r e i n   t h e  

p r e s e n c e   of   b a s i c   n i t r o g e n   c o m p o u n d s   i s   known  t o   be  a  

m a j o r   c a u s e   o f   r e d u c e d   o x i d a t i v e   s t a b i l i t y .   T h e s e   o i l s  

n e e d   n o t   be  p r e t r e a t e d   p r i o r   t o   t h i s   BNC  r e m o v a l   p r o c e s s ,  
s i n c e   t h e   p r o c e s s   f u n c t i o n s   e f f e c t i v e l y   in   t h e   p r e s e n c e   o f  

a  b r o a d   s p e c t r u m   of   c o n t a m i n a n t s ,   i n c l u d i n g ,   f o r   e x a m p l e ,  

and  n o t   by  way  of   l i m i t a t i o n ,   N - m e t h y l   p y r r o l i d o n e ,   a c i d s ,  

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

o t h e r   t h a n   BNC,  a l s o   c o n t r i b u t e   t o   t h e   o x i d a t i v e   i n s t a b i -  

l i t y   of   t h e   o i l s   and  t h e s e   t o o   c an   be  r e m o v e d   by  u s e   o f  

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

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

T h e r e   i s   no  l i m i t   on  t h e   a m o u n t   o f   b a s i c   n i t r o -  

gen  c o m p o u n d s   w h i c h   can   be  e f f i c i e n t l y   r e m o v e d   by  t h e   i n -  

s t a n t   p r o c e s s .   Any  q u a n t i t y   c a n   be  r e m o v e d   p r o v i d e d   a n  

e f f e c t i v e   c o n c e n t r a t i o n   of   m e t a l   h a l i d e   or   m e t a l   t e t r a -  

f l u o r o b o r a t e   m a t e r i a l   i s   e m p l o y e d .   D e t e r m i n a t i o n   of   w h a t  

c o n s t i t u t e s   an  e f f e c t i v e   c o n c e n t r a t i o n   of   m a t e r i a l   i s  

r e a d i l y   a c h i e v e d   by  r e f e r e n c e   t o   F o r m u l a   I  a b o v e   o n c e   t h e  

m e t a l   a n d  i t s   o x i d a t i o n   s t a t e   a r e   s u b s t i t u t e d   i n t o   t h e   f o r -  

m u l a .   D e p e n d i n g   u p o n   t h e   m e t a l   s e l e c t e d   and   i t s   o x i d a t i o n  

s t a t e   as  u s e d ,   f r o m   2  t o   6  b a s i c   n i t r o g e n   c o m p o u n d   m o l e -  

c u l e s   c an   be  r e m o v e d   by  c o m p l e x a t i o n   t o   one   m e t a l   h a l i d e  

or   m e t a l   t e t r a f l u o r o b o r a t e   m o l e c u l e .   P r e f e r a b l y ,   a  s t o i -  

c h i o m e t r i c   a m o u n t   o f   m e t a l   h a l i d e   o r   m e t a l   t e t r a f l u o r o b o -  

r a t e   (as  d e t e r m i n e d   by  t h e   m e t a l   o x i d a t i o n   s t a t e )   i s   e m -  

p l o y e d .  

As  p r e v i o u s l y   s t a t e d ,   t h e   m e t a l   h a l i d e   o r   m e t a l  

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

of  a  c o m p l e x   w i t h   a  n o n a q u e o u s   p o l a r   s o l v e n t .   The  c o n -  

c e n t r a t i o n   of   m e t a l   h a l i d e   o r   m e t a l   t e t r a f l u o r o b o r a t e ,  

w h i c h   may  be  e f f e c t i v e l y   e m p l o y e d   in   t h e   c h o s e n   s o l v e n t  

d e p e n d s   upon   t h e   c h o i c e   of   m e t a l   and  i s   l i m i t e d   s o l e l y   b y  

t h e   s o l u b i l i t y   o f   t h e   m e t a l   h a l i d e   o r   m e t a l   t e t r a f l u o r o -  

b o r a t e   in   t h e   s o l v e n t .   T y p i c a l l y ,   t h i s   r a n g e s . a n y w h e r e  

f r o m   a b o u t   0 . 1   g ram  m a t e r i a l   o r   l e s s   p e r   m i l l i l i t e r   s o l -  

v e n t   to   1 . 0   g r am  m a t e r i a l   o r   more   p e r   m i l l i l i t e r   s o l v e n t .  



H i g h e r   c o n c e n t r a t i o n s   of   m e t a l   m a t e r i a l s   or   g r e a t e r   v o l u m e s  

of   c o m p l e x   s o l u t i o n   a r e   e m p l o y e d   f o r   o i l s   more   h i g h l y   c o n -  
t a m i n a t e d   w i t h   b a s i c   n i t r o g e n   c o m p o u n d s .  

The  o i l s   and   m e t a l   s o l u t i o n   c o m p l e x e s   a r e   m i x e d  

so  as  t o   o b t a i n   h i g h   s u r f a c e   c o n t a c t   b e t w e e n   t h e   o i l s  a n d  

t h e   m e t a l   s o l u t i o n   c o m p l e x e s .   T h i s   i s   t y p i c a l l y   a c h i e v e d  

by  m i x i n g   u n d e r   c o n d i t i o n s   o f   a g i t a t i o n   so  as  to   i n s u r e  

c o m p l e t e   m i x i n g   o f   t h e   c o m p o n e n t s   and  t h e   r e s u l t a n t   e x -  

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

or   m e t a l   t e t r a f l u o r o b o r a t e .   T h i s   a g i t a t i o n   c a n   be  a c h i e v e d  

by  any   o f   a  v a r i e t y   o f   s t a n d a r d   m e t h o d s   i n c l u d i n g   m e c h a n i -  

c a l   s t i r r i n g   and  b u b b l i n g   g a s e s ,   p r e f e r a b l y   i n e r t   g a s e s  
s u c h   as  N2  t h r o u g h   t h e   o i l - m e t a l   s o l u t i o n   c o m p l e x   c o m b i n a -  

t i o n .  

T h e s e   o i l - m e t a l   s o l u t i o n   c o m p l e x   c o m b i n a t i o n s  

a r e   s u b j e c t e d   t o   m i l d   h e a t i n g   on  t h e   o r d e r   of   a  t e m p e r a t u r e  
b e t w e e n   a b o u t   25  t o   1 2 0 ° C ,   p r e f e r a b l y   50  t o   1 0 0 ° C ,   m o s t  

p r e f e r a b l y   5 0 - 8 0 ° C .   T h i s   h e a t i n g   i s   e m p l o y e d   so  as  t o  

f a c i l i t a t e   t h e   e x c h a n g e   o f   t h e   BNC  f o r   t h e   p o l a r   s o l v e n t   i n  

t h e   m e t a l   h a l i d e   or   m e t a l   t e t r a f l u o r o b o r a t e   as  shown  i n  

F o r m u l a   I .  

The  o i l   and  m e t a l   s o l u t i o n   c o m p l e x   a r e   m i x e d   a n d  

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

p l e t e   e x c h a n g e   of   t h e   BNC  and   t h e   p o l a r   s o l v e n t   m o i e t y .  

The  o i l   i s   t h e n   d e c a n t e d .   The  d e c a n t a t e   i s   w a s h e d   w i t h  

p o l a r   s o l v e n t   o r   w a t e r   to   r e m o v e   any   m e t a l   h a l i d e   or  m e t a l  

t e t r a f l u o r o b o r a t e - B N C   c o m p l e x   r e m a i n i n g   in   t h e   o i l .   T h e s e  

c o m p l e x e s   a r e   s o l u b l e   in   t h e   p o l a r   s o l v e n t   or   w a t e r .   T h e  

wash   s o l v e n t   may  be  e m p l o y e d   a t   any   c o n v e n i e n t   t e m p e r a t u r e ,  

p r e f e r a b l y   b e t w e e n   0 - 2 0 ° C .   The  v o l u m e   of   wash   s o l v e n t   i s  

a l s o ,   any   c o n v e n i e n t   v o l u m e ,   t y p i c a l l y   1-5   v o l u m e s   w a s  
s o l v e n t   p e r   v o l u m e   d e c a n t a t e .  

The  o i l   i s   d r i e d   u n d e r   any   c o n v e n i e n t   c o n d i t i o n .  

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

c o n t e n t   r e d u c e d   by  a t   l e a s t   90%  by  t h e   p r a c t i c e   of   t h e   i n -  

s t a n t   p r o c e s s .  
I t   m u s t   be  n o t e d   t h a t   when  t h e   m e t a l   h a l i d e   o r  



m e t a l   t e t r a f l u o r o b o r a t e   m a t e r i a l s   c o m p l e x e d   w i t h   t h e   p o l a r  

s o l v e n t s   a r e   d e s c r i b e d ,   t h e y   a r e   i d e n t i f i e d   as   b e i n g   a n - .  

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

i d e n t i f i e d   as   b e i n g   any   p o l a r   s o l v e n t   e x c e p t   w a t e r .   P o l y -  

m e r i c   m a t e r i a l s   a r e   to   be  a v o i d e d   s i n c e   t h e i r   e x c h a n g e a b l e  

s i t e s   a r e   v e r y   l i m i t e d   and  d i f f i c u l t   t o   g a i n   a c c e s s   t o .  

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

in  t h e  s o l v e n t s   e m p l o y e d   i n   t h e   i n s t a n t   i n v e n t i o n .   S i m i -  

l a r l y ,   t h e   p r e s e n c e   o f   w a t e r   a t   t h e   e x c h a n g e   s i t e   in   p l a c e  

of   o t h e r   p o l a r   s o l v e n t s   i s   t o   be  a v o i d e d   s i n c e   w a t e r . i s  

e x c h a n g e d   o n l y   w i t h   e x t r e m e   d i f f i c u l t y   and  o n l y   a t   t e m p e r a -  
t u r e s   h i g h   e n o u g h   t o   a d v e r s e l y   e f f e c t   t h e   q u a l i t y   o f   t h e  

o i l   a n d / o r   d e c o m p o s e   t h e   m e t a l   h a l i d e   ( s e e   T a b l e   7 ) .  

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

in   t h e   i n s t a n t   i n v e n t i o n   a r e   p r e p a r e d   by  t h e   e l e c t r o -  

c h e m i c a l   t e c h n i q u e  e x p l a i n e d   in   d e t a i l   in   " E l e c t r o c h e m i c a l  

P r e p a r a t i o n   o f   A n h y d r o u s   H a l i d e s   of   T r a n s i t i o n   M e t a l s  

( M n - Z n ) " ,   by  J .   J .   H a b e e b ,   L.  N e i l s o n   and  D.  G.  T u c k ,  

I n o r g a n i c   C h e m i s t r y   1 7 ( 2 ) ,   306  ( 1 9 7 8 ) .  

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

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

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

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

t h e   s o l u t i o n   and  a p p l y i n g   a  c u r r e n t .   The  r e a c t i o n   i s   t y p i -  

c a l l y   c a r r i e d   o u t   u n d e r   an  i n e r t   a t m o s p h e r e   s u c h   as  n i t r o -  

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

v e n t e d .   M e t a l   h a l i d e - p o l a r   s o l v e n t   c o m p l e x e s   a r e   q u i t e  

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

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

m e t a l   t e t r a f l u o r o b o r a t e - p o l a r   s o l v e n t   c o m p l e x e s   can   b e  

e m p l o y e d   as  s u c h   in   t h e   i n s t a n t   p r o c e s s ,   or   t h e y   can   b e  

d e p o s i t e d   on  a  s u i t a b l e   i n o r g a n i c   r e f r a c t o r y   o x i d e   or   c a r -  

b o n a c e o u s   s u p p o r t   and   u s e d   as  a  r e g e n e r a b l e   s u p p o r t e d   BNC 

c o m p l e x a t i o n   m a t e r i a l .   T y p i c a l   s u p p o r t   m a t e r i a l s   i n c l u d e  

s i l i c a ,   a l u m i n a ,   n a t u r a l   and  s y n t h e t i c   z e o l i t e s .   c a r b o n ,  

f a u j a s i t e ,   c a l l c i t e ,   c o a l ,   e t c . ;   p r e f e r a b l y   s i l i c a ,   a l u m i n a ,  

and  z e o l i t e s ;   m o s t   p r e f e r a b l y   s i l i c a   and  a l u m i n a .   T h e s e  



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

s u p p o r t   w i t h   a  v o l u m e   of   m e t a l   h a l i d e   or   m e t a l   t e t r a f l u o r o -  

b o r a t e - n o n a q u e o u s   p o l a r   s o l v e n t   c o m p l e x ,   h e a t i n g   t h e   c o m -  

b i n a t i o n   a t   f r o m   50  t o   100°C   u n d e r   an  i n e r t   a t m o s p h e r e ,  

f o l l o w e d   by  d r y i n g   a t   f r o m   75  t o   1 2 5 ° C .   The  h e a t i n g   a n d  

d r y i n g   s t e p s   c a n   be  a c c o m p l i s h e d   as  a  s i n g l e   s t e p .   C a r e  

i s   t a k e n   n o t   to   d r i v e   o f f   t h e   c o m p l e x   p o l a r   s o l v e n t   m o l e -  

c u l e s .   The  d r i e d   c o m b i n a t i o n   i s   c o o l e d ,   p r e f e r a b l y   i n   a n  

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

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

l o a d i n g   r a n g e   of   f r o m   0 .5   t o   10%  m e t a l .   A g a i n ,   t h e   h i g h e r  

t h e   c o n c e n t r a t i o n ,   t h e   more   BNC  can   be  r e m o v e d   e m p l o y i n g  

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

When  t h e s e   s u p p o r t e d   m a t e r i a l s   a r e   u s e d ,   t h e   o i l  

i s   c o n t a c t e d   w i t h   t h e m   as  by  p o u r i n g   and  t h e   BNC  a r e   r e -  

moved  by  e x c h a n g e   w i t h   t h e   n o n a q u e o u s   p o l a r   s o l v e n t  c o m -  

p l e x e d   w i t h   t h e   m e t a l   h a l i d e   or   m e t a l   t e t r a f l u o r o b o r a t e .  

A f t e r   t h e   t h e o r e t i c a l   maximum  v o l u m e   of   o i l   h a s  

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

t e r m i n a t e d ;   and  t h e   s u p p o r t   c o m p l e x   r e g e n e r a t e d   by  w a s h i n g  

w i t h   a c e t o n e   o r  a n y   p o l a r   s o l v e n t   ( e x c e p t   w a t e r )   a t   t e m -  

p e r a t u r e s   b e t w e e n   a b o u t   25  to   7 5 ° C ,   p r e f e r a b l y   a b o u t   5 0 ° C .  

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

e s s e n t i a l l y   a l l   o f   t h e i r   a b i l i t y   t o   r e m o v e   BNC. 

The  f o l l o w i n g   E x a m p l e s   a r e   p r e s e n t e d   so  as   t o  

h e l p   d e s c r i b e   t h e   i n v e n t i o n   and  a r e   n o t   p r e s e n t e d   by  w a y  
o f   l i m i t a t i o n .  

EXAMPLES 

E x a m p l e  1  -   R e m o v a l   o f   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

From  Lube   O i l s   by  C h r o m i u m   T r i b r o m i d e .  

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

46  ppm  b a s i c   n i t r o g e n   was  m i x e d   w i t h   8  g  o f   m e t h a n o l   c o n -  

t a i n i n g   a p p r o x i m a t e l y   300  mg  of   c h r o m i u m   t r i b r o m i d e .   T h e  

s o l u t i o n   m i x t u r e   was  h e a t e d   a t   75°C  f o r   15  m i n u t e s   w i t h  

n i t r o g e n   g a s   b u b b l i n g   (or   s t i r r i n g )   a t   a  r a t e  o f   50  c c /  

m i n u t e   t o   e n s u r e   c o m p l e t e   m i x i n g .   The  o i l   s a m p l e   was  t h e n  

d e c a n t e d .   The  d e c a n t a t e   was  w a s h e d   w i t h   c o l d   w a t e r   a n d  



d r i e d   by  h e a t i n g   t o   105°C   w i t h   a  n i t r o g e n   f l o w   of   250  c c /  

m i n u t e .   The  c h r o m i u m   c o m p l e x   had  b e e n   e x t r a c t e d   i n t o   t h e  

w a t e r   l a y e r .  

The  d r i e d   d e c a n t e d   o i l   had  a  b a s i c   n i t r o g e n   c o n -  

t e n t   of   l e s s   t h a n   4  ppm,  a  r e d u c t i o n   of   more   t h a n   9 0 % .  

The  b e n e f i t   of   r e m o v i n g   t h e s e   b a s i c   n i t r o g e n   c o m p o n e n t s  

w i t h   CrBr3   i s   shown  by  t h e   f a c t   t h a t   t h e   R o t a r y   Bomb  L i f e  

(ASTM'D2112)   w i t h   0 . 0 6   wt .%  2 , 6 - d i t e r t i a r y b u t y l - p a r a - c r e s o l  
i n c r e a s e d   f r o m   179  m i n u t e s   f o r   t h e   u n t r e a t e d   o i l   t o   2 8 2  

m i n u t e s   f o r   t h e   t r e a t e d   o i l .  

E x a m p l e  2  -   R e m o v a l   o f   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

From  Lube   O i l s   by  N i c k e l   D i b r o m i d e .  

175  g  o f   o i l   was  m i x e d   w i t h   10  ml  of   m e t h a n o l  

c o n t a i n i n g   300  mg  of   n i c k e l   d i b r o m i d e .   The  s o l u t i o n   m i x -  

t u r e   was  h e a t e d   t o   80°C  f o r   15  m i n u t e s   w i t h   s t i r r i n g   a n d  

n i t r o g e n   g a s   b u b b l i n g   a t   a  r a t e   of   100  c c / m i n u t e .   The  o i l  

s a m p l e   was  t h e n   d e c a n t e d .   The  d e c a n t a t e   was  w a s h e d   w i t h  

c o l d   w a t e r   and  d r i e d   by  h e a t i n g   to   120°C  w i t h   n i t r o g e n   f l o w  

of  300  c c / m i n u t e .   The  n i c k e l   c o m p l e x ,   a  y e l l o w   s o l i d ,   w a s  

c o l l e c t e d   and  w a s h e d   f o r   i d e n t i f i c a t i o n .   The  d e g r e e   o f  

b a s i c   n i t r o g e n   c o m p o u n d   r e m o v a l   i s   p r e s e n t e d   i n   T a b l e   1 .  

E x a m p l e  3  -   R e m o v a l   o f   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

F r o m  L u b e   O i l s   by  M e t h a n o l a t e d   V a n a d i u m   D i b r o -  

m i d e .  

175  g  of   o i l   was  m i x e d   w i t h   15  ml  o f   m e t h a n o l  

c o n t a i n i n g   300  mg  of   v a n a d i u m   d i b r o m i d e .   The  s o l u t i o n  

m i x t u r e   was  h e a t e d   t o   80°C  f o r   15  m i n u t e s   w i t h   s t i r r i n g   a n d  

n i t r o g e n   g a s   b u b b l i n g   a t   a  r a t e   of   100  c c / m i n u t e .   The  o i l  

s a m p l e   was  t h e n   d e c a n t e d .   The  d e c a n t a t e   was  w a s h e d   w i t h  

c o l d   w a t e r   and  d r i e d   by  h e a t i n g   t o   170°C  w i t h   n i t r o g e n   f l o w  



of  400  c c / m i n .   The  v a n a d i u m   c o m p l e x ,   a  t h i c k   d a r k   b r o w n  

s o l i d ,   was  t r e a t e d   w i t h   w a t e r   t o   o b t a i n   p u r e   b a s i c   n i t r o -  

gen  c o n t a i n i n g   c o m p o u n d s   f o r   f u r t h e r   i n v e s t i g a t i o n s .   T h e  

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

T a b l e   2 .  

The  b a s i c   p r o c e s s   e s s e n t i a l l y   i s   t h e   i n j e c t i o n   o f  

v a n a d i u m   b r o m i d e  -   m e t h a n o l   s o l u t i o n   i n t o   o i l   f o l l o w e d   b y  

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

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

T h e   p r o c e s s   c o u l d   a l s o   be  a p p l i e d   to   u p g r a d e   h e a v y   c r u d e s .  

E x a m p l e  4  -   R e m o v a l   o f   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

From  Lube  O i l s   by  Z i n c   D i b r o m i d e   and  C o p p e r  

B r o m i d e s .  

Z i n c   d i b r o m i d e   in   m e t h a n o l   and  c o p p e r   b r o m i d e s  

(a  m i x t u r e   o f   C u ( I )   and   C u ( I I )   b r o m i d e s )   in   m e t h a n o l   a r e  

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

c o m p o u n d s   f r o m   a  w i d e   v a r i e t y   o f   l u b e   o i l s - - n a m e l y ,   6 0  

n e u t r a l s ,   600  n e u t r a l s   and  raw  d i s t i l l a t e s - - b y   f o r m i n g  

w a t e r   s o l u b l e   c o m p l e x e s   o f   z i n c   b r o m i d e   and  c o p p e r   b r o m i d e s .  

In  a  t y p i c a l   e x p e r i m e n t ,   175  g  o f   o i l   was  m i x e d  

w i t h   5 - f o l d   e x c e s s   of   m e t a l   b r o m i d e s   in  m e t h a n o l   t o   b a s i c  

n i t r o g e n   c o m p o u n d s .   The  s o l u t i o n   m i x t u r e   was  h e a t e d   t o  

80°C  f o r   10  m i n u t e s   w i t h   s t i r r i n g   and  n i t r o g e n   g a s   b u b b l i n g  

a t   a  r a t e   o f   200  c c / m i n u t e .   The  o i l   s a m p l e   was  t h e n   d e c a n -  

t e d .   The  d e c a n t a t e   was  w a s h e d   w i t h   warm  w a t e r   (60°C)   a n d  

d r i e d   by  h e a t i n g   to   120°C   w i t h   n i t r o g e n   f l o w   of   700  c c /  

m i n u t e .   The  m e t a l   c o m p l e x e s ,   e i t h e r   as  t h i c k   d a r k   b r o w n  

o i l   s t u c k   t o   t h e   w a l l s   o f   t h e   r e a c t i o n   v e s s e l . o r   as   b r o w n  

s o l i d .   In  b o t h   c a s e s ,   m e t a l   c o m p l e x e s   w e r e   c o l l e c t e d   f o r  

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

r e m o v a l   i s   p r e s e n t e d   in   T a b l e   3 .  





The  b e n e f i t   of   r e m o v i n g   b a s i c   n i t r o g e n   c o m p o -  

n e n t s   w i t h   ZnBr2  i s   shown  by  t h e   f a c t   t h a t   t h e   R o t a r y   Bomb 

L i f e   (ASTM  D2112)   w i t h   0 . 0 6   wt .%  2 , 6 - d i t e r t i a r y b u t y l - p a r a -  

c r e s o l   i n c r e a s e d   f r o m   179  m i n u t e s   f o r   t h e   u n t r e a t e d   6 0  

n e u t r a l   o i l   t o   263  m i n u t e s   f o r   t h e   t r e a t e d   o i l   and   w i t h  

0 .3   wt .%  2 , 6 - d i t e r t i a r y b u t y l - p a r a - c r e s o l   i n c r e a s e d   f r o m  

49  m i n u t e s   f o r   t h e   u n t r e a t e d   l i g h t   Raw  D i s t i l l a t e s   t o   1 7 3  

m i n u t e s   f o r   t h e   t r e a t e d   o i l .  

T h e  b a s i c   p r o c e s s   f o r   ZnBr2  and   c o p p e r   b r o m i d e  

t r e a t i n g   i s   e n v i s a g e d   t o   be  i n j e c t i o n   o f   t h e   m e t a l   b r o m i d e -  

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

to   r e m o v e   m e t a l   b r o m i d e   b a s i c   n i t r o g e n   c o m p l e x e s .  

E x a m p l e   5  -   R e m o v a l   o f   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

From  Lube   O i l s   by  M a n g a n e s e ,   I r o n ,   and   C o b a l t  

B r o m i d e s .  

In  a  t y p i c a l   e x p e r i m e n t ,   200  g  o f   o i l   was  m i x e d  

w i t h   a  5 - f o l d   e x c e s s   o f   a  m e t a l   b r o m i d e   in   m e t h a n o l   r e l a -  

t i v e   to   b a s i c   n i t r o g e n   c o m p o u n d   c o n t e n t .   The  m i x t u r e   w a s  
h e a t e d   t o   80°C  f o r   10  m i n u t e s   w i t h   s t i r r i n g   and  n i t r o g e n  

gas   b u b b l i n g   a t   a  r a t e   o f   200  c c / m i n u t e .   The  o i l   was  t h e n  

d e c a n t e d .   The  d e c a n t a t e   was  w a s h e d   w i t h   warm  w a t e r   ( 6 0 ° C )  

and  d r i e d   by  h e a t i n g   t o   1 2 0 ° C   w i t h   n i t r o g e n   f l o w   of   7 0 0  

c c / m i n u t e .   The  m e t a l   c o m p l e x e s ,   t h i c k ,   d a r k   b r o w n   ( g r e e n  
in   t h e   c a s e   o f   c o b a l t   b r o m i d e )   o i l s   s t u c k   t o   t h e   w a l l s   o f  

t h e   r e a c t i o n   v e s s e l ,   w e r e  c o l l e c t e d   f o r   i d e n t i f i c a t i o n .  

The  d e g r e e   o f   b a s i c   n i t r o g e n   c o m p o u n d   r e m o v a l   i s   p r e s e n t e d  
in   T a b l e   4 .  





E x a m p l e   6  -   M e t h a n o l a t e d   T r a n s i t i o n   M e t a l   T e t r a f l u o r o -  

b o r a t e s   a r e   B a s i c   N i t r o g e n   S c a v e n g e r s .  

In  a  t y p i c a l   e x p e r i m e n t ,   200  g  o f . o i l   i s   m i x e d  

w i t h   5 - f o l d   e x c e s s   of   m e t a l   t e t r a f l u o r o b o r a t e   in   m e t h a n o l  

r e l a t i v e   t o   b a s i c   n i t r o g e n   c o m p o u n d s .   The  s o l u t i o n   m i x -  

t u r e   was  h e a t e d   t o   80°C  f o r   10  m i n u t e s   w i t h   s t i r r i n g   a n d  

n i t r o g e n   gas   b u b b l i n g   a t   a  r a t e   o f   250  c c / m i n u t e .   The  o i l  

s a m p l e   was  d e c a n t e d   and  t h e n   f i l t e r e d .   The  m e t a l   c o m p l e x e s ,  

a  t h i c k ,   d a r k   b r o w n   o i l ,   w e r e   s t u c k   t o   t h e   w a l l s   o f   t h e  

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

r e m o v a l   i s   p r e s e n t e d   in   T a b l e   5 .  





E x a m p l e  7  -   R e m o v a l   of   C o m p o u n d s   C o n t a i n i n g   B a s i c   N i t r o g e n  

From  Lube  O i l s  b y   S i l i c a   Gel  I m p r e g n a t e d   w i t h  

T i ( I I I ) ,   V ( I I ) ,   C r ( I I I ) ,   M o ( I I ) ,   M n ( I I ) ,  

F e ( I I ) ,   C o ( I I ) ,   N i ( I I ) ,   C u ( I I )   and  Z n ( I I )  

B r o m i d e s .  

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

p e r f o r m e d   as  f o l l o w s .   M e t h a n o l a t e d   c o m p l e x e s   of   t h e   m e n -  

t i o n e d   t r a n s i t i o n   m e t a l   b r o m i d e s   w e r e   p r e p a r e d  b y   e l e c t r o -  

l y s i s .   S a m p l e s   of   t h e s e   c o m p l e x e s   c o n t a i n i n g   1  to   3  g  o f  

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

h e a t e d   t o   70°C  u n d e r   n i t r o g e n   f o l l o w e d   by  d r y i n g   a t   1 0 0 ° C .  

The  new  a b s o r b e n t   was  c o o l e d   in   v a c u u m .  

In  a  t y p i c a l   e x p e r i m e n t ,   a  20  cm  l o n g   and  2 .5   cm 

d i a m e t e r   c o l u m n   was  p a c k e d   w i t h   75  g  i m p r e g n a t e d   s i l i c a  

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

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

e a c h   of   t h e   c o l u m n s   w h i c h   w e r e   k e p t   a t   8 0 - 9 0 ° C .   The  c o l -  

umns  n e e d   n o t   be  m a i n t a i n e d   a t   t h e s e   h i g h   t e m p e r a t u r e s ,  

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

H i g h e r   t e m p e r a t u r e s   w e r e   u s e d   t o   f a c i l i t a t e   t h e   r a t e   o f  

f l o w   o f   h i g h   v i s c o s i t y   o i l s   t h r o u g h   t h e   c o l u m n .  

S i l i c a   g e l   i m p r e g n a t e d   w i t h   t h e  a b o v e - m e n t i o n e d  

t r a n s i t i o n   m e t a l   b r o m i d e s   a r e   r e g e n e r a t e d   by  w a s h i n g   w i t h  

a c e t o n e   a t   50°C  a f t e r   o i l   h a s   b e e n   r e c o v e r e d .   The  d e g r e e  

of   b a s i c   n i t r o g e n   c o m p o u n d   r e m o v a l   i s   p r e s e n t e d   in  T a b l e   6 .  





S i m i l a r   r e s u l t s   may  be  o b t a i n e d   u s i n g   t h e   o t h e r   m e t a l  

b r o m i d e   c o m p l e x e s .   The  b e n e f i t   o f   r e m o v i n g   b a s i c   n i t r o g e n  

c o m p o n e n t s   by  t h i s   m e t h o d   i s   shown  by  t h e   f a c t   t h a t   R o t a r y  

Bomb  L i f e   (ASTM  D2112)   w i t h   0 .3   wt .%  2 , 6 - d i t e r t i a r y b u t y l -  

p a r a - c r e s o l   i n c r e a s e d   f r o m   49  m i n u t e s   f o r   t h e   u n t r e a t e d  

l i g h t . R a w   D i s t i l l a t e s   (110  ppm  BNC)  to   238  m i n u t e s   a f t e r  

t r e a t m e n t   (2  ppm  B N C ) .  

T h i s   m e t h o d   h a s   an  e x c e l l e n t   p o t e n t i a l   in   l u b e  

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

b e d s   c an   be  e f f i c i e n t l y   r e g e n e r a t e d   and   r e u s e d   f o r   a n  

i n d e f i n i t e   n u m b e r   o f   c y c l e s .  

E x a m p l e   8 

In  a  t y p i c a l   e x p e r i m e n t ,   200  g  o f   o i l   (60  n e u t r a l )  

c o n t a i n i n g   46  ppm  BNC)  was  m i x e d   w i t h   400  mg  T i C l 4   i n  

m e t h a n o l .   The  m i x t u r e   was  h e a t e d   t o   80°C  f o r   10  m i n u t e s  

w i t h   s t i r r i n g   and   n i t r o g e n   gas   b u b b l i n g   a t   a  r a t e   o f  

200  c c / m i n u t e .   The  o i l   was  d e c a n t e d .   The  d e c a n t a t e   w a s  

w a s h e d   w i t h   warm  w a t e r   (60°C)   and  d r i e d   by  h e a t i n g   to   1 2 0 ° C  

w i t h   n i t r o g e n   g a s   f l o w   of   700  c c / m i n u t e .   BNC  c o n c e n t r a t i o n  

b e f o r e   t r e a t m e n t   was  46  ppm  w h i l e   a f t e r   t r e a t m e n t   BNC  c o n -  

c e n t r a t i o n   was  7  ppm.  H o w e v e r ,   t h e   R o t a r y   Bomb  L i f e  

(ASTM  D2112)   w i t h   0 . 0 6   wt .%  2 , 6 - d i t e r t i a r y b u t y l - p a r a -   c r e s o l  

d e c r e a s e d   f r o m   200  m i n u t e s   b e f o r e   t r e a t m e n t   t o   86  m i n u t e s  

a f t e r   t r e a t m e n t   i n d i c a t i n g   t h a t   T i . C l 4 ,   a l t h o u g h   r e m o v i n g  

BNC  f r o m   o i l s ,   h a s   d e l e t e r i o u s   e f f e c t   on  t h e   t r e a t e d   o i l .  

T h i s   may  be  due  t o   t h e   e a s y   r e d u c t i o n   o f   T i C l 4   t o   T i C l 3  
and  t h e   p r o d u c t i o n   o f   t h e   h i g h l y   r e a c t i v e   c h l o r i n e   a t o m  

w h i c h   a c t s   as  s t r o n g   o x i d i z i n g   a g e n t   in   a d d i t i o n   t o   T i ( i v )  

w h i c h   i s   an  o x i d i z i n g   a g e n t   when  i t   r e d u c e s   t o   T i ( i i i ) .  

E l e m e n t a l   s u l p h u r   c o n c e n t r a t i o n   was  d e c r e a s e d  

f r o m   0 . 2 4   wt .%  b e f o r e   t r e a t m e n t   to   0 . 1   wt .%  a f t e r   t r e a t -  

m e n t .   T h i s   i n d i c a t e s   t h a t   T i C l 4   i s   n o n - s e l e c t i v e   c o o r d i n a -  

t i n g   c o m p o u n d .   R e m o v a l   o f   n a t u r a l l y   o c c u r r i n g   a n t i o x i d a n t  

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

o i l .  

On  t r e a t i n g   t h e   o i l   w i t h   F e C l 3   u s i n g   e x a c t l y   t h e  

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



were   o b s e r v e d .  

E x a m p l e   9 

In  a  t y p i c a l   e x p e r i m e n t ,   175  g  of   o i l   was  m i x e d  

w i t h   5 - f o l d   e x c e s s   o f   m e t a l   b r o m i d e s   in   w a t e r   r e l a t i v e   t o  

b a s i c   n i t r o g e n   c o m p o u n d s   c o n t e n t .   The  m i x t u r e   was  h e a t e d  

to   ( 7 5 - 8 0 ° C )   f o r   10  m i n u t e s   w i t h   s t i r r i n g   and   n i t r o g e n   g a s  
b u b b l i n g   a t   a  r a t e   o f   200  c c / m i n u t e .   The  o i l   was  d e c a n t e d .  

The  d e c a n t a t e   was  w a s h e d  w i t h   warm  w a t e r   (60°C)   and  d r i e d  

by  h e a t i n g   t o   120°C   w i t h   n i t r o g e n   f l o w   of   700  c c / m i n u t e s .  

R e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   7  w h i c h   show  t h a t   w h e r e a s  

BNC  c o n t e n t   d r a m a t i c a l l y   d e c r e a s e s   when  u s i n g   a  n o n a q u e o u s  
s o l v e n t ,   o n l y   m i n i m a l   r e d u c t i o n   in   BNC  c o n t e n t   i s   a c h i e v e d  

when  u s i n g   w a t e r   as   t h e   s o l v e n t .  





1.  A  method  for  removing  bas ic   n i t r o g e n   compounds  (BNC)  f rom 

a  n a t u r a l   or  s y n t h e t i c   hyd roca rbon   f e e d s t o c k   c o m p r i s i n g   mixing  t h e  

f e e d s t o c k   under   c o n d i t i o n s   of  a g i t a t i o n   and  mild  h e a t i n g   with  a  

nonaqueous  s o l u t i o n   of  (A)  an  anhydrous   nonpo lymer i c   h a l i d e s   of  a  

m e t a l  s e l e c t e d   from  the  me ta l s   of  Group  IVb,  Group  Vb,  Group  VIb,  

Group  VIIb,   the  non-nob le   Group  VIII   m e t a l s ,   copper ,   z i nc ,   cadmium, 

and  mercury  excep t   t ha t   when  the  meta l   is   t i t a n i u m   or  i r o n   the  h a l i d e  

may  not  be  c h l o r i n e ,   or  (B)  an  anhydrous   n o n p o l y m e r i c   t e t r a -  

f l u o r o b o r a t e   of  a  metal   s e l e c t e d   from  the  me ta l s   of  Group  IVb,  Group 

Vb,  Group  VIb,  Group  VIIb,  the  n o n - n o b l e   Group  VIII  m e t a l s ,   c o p p e r ,  

z inc ,   cadmium  and  mercury,   which  metal   h a l i d e s   or  meta l   t e t r a -  

f l u o r o b o r a t e s   are  complexed  with  nonaqueous   po la r   s o l v e n t s   whereby  

the  BNC  exchange  with  the  complexed  nonaqueous  po l a r   s o l v e n t s   and 

t hemse lves   become  complexed  with  the  metal   t e t r a f l u r o b o r a t e s .  

2.  The  method  of  c la im  1  c o m p r i s i n g   the  s t ep   of  s e p a r a t i n g  

the  f e e d s t o c k   from  which  bas ic   n i t r o g e n   compounds  have  been  removed 

from  the  meta l   h a l i d e   or  metal   t e t r a f l u o r o b o r a t e - n o n a q e u o u s   p o l a r  

s o l v e n t   complex  with  which  the  bas i c   n i t r o g e n   compounds  a r e -  n o w  

compexed  by  t h e i r   exchange  with  the  p o l a r   s o l v e n t ,   washing  t h e  

s e p a r a t e   f e e d s t o c k   with  po la r   s o l v e n t   and  d r y i n g .  

3.  The  method  of  claim  1  or  c la im  2  where in   the  nonaqueuous   p o l a r  

s o l v e n t   is  me thano l ,   e t h a n o l ,   a c e t o n e ,   a c e t o n i t r i l e ,   p r e f e r a b l y  

m e t h a n o l .  

4.  The  method  of  any  one  of  c l a ims   1  to  3  where in   the  m e t a l  

ha l i de   or  meta l   t e t r a f l u o r o b o r a t e - n o n a q e o u s   po la r   s o l v e n t   complex  i s  

impregna ted   onto  a  suppor t   m a t e r i a l .  

5.  The  method  of  c la im  4  where in   the  s u p p o r t e d   meta l   h a l i d e  

or  metal  t e t r a f l u o r o b o r a t e - n o n a q u e o u s   p o l a r   s o l v e n t   complex  is  r e -  

g e n e r a t e d   a f t e r   use  by  washing  with  nonaqueous   po l a r   s o l v e n t   at  a  

t e m p e r a t u r e   of  from  25  to  750C. 

6.  The  method  of  any  one  of  c l a ims   1  to  5  where in   t h e  

metal  is  s e l e c t e d   from  n i c k e l ,   chromium,  vanadium,  z inc ,   c o p p e r ,  

manganese,   i r o n ,   c o b a l t ,   t i t a n i u m ,   molybdenum,  cadmium  and  m e r c u r y .  



7.  The  method  of  any  one  of  c la ims  1  to  6  where in   the  m e t a l  

ha l i de   is  a  meta l   b r o m i d e .  

8.  The  method  of  c la im  7  wherein  the  metal   bromide  i s  

s e l e c t e d   from  chromium  t r i b o m i d e ,   n i c k e l   d i b r o m i d e ,   vanadium  d i -  

bromide,   z inc   d ib romide   and  the  copper ,   manganese,   i ron   and  c o b a l t  

b r o m i d e s .  

9.  The  method  of  any  one  of  c la ims   1  to  8  where in   the  m i l d  

h e a t i n g   is   conduc ted   at  a  t e m p e r a t u r e   in  the  range  of  from  25  t o  

120oC. 

10.  The  method  of  any  one  of  c la ims   1  to  9  where in   the  p o l a r  

so lven t   wash  employs  water   as  the  po la r   s o l v e n t .  
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