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@  Dialkylaromatlc  and  hydrogenated  dialkylaromatic  synthetic  lubricating  and  specialty  oils. 

A  synthetic  dialkylaromatic  hydrocarbon  is  described 
which  is  useful  as  synthetic  specialty  oil  and  lubricating  oil 
base  stock  or  base  stock  additive.  The  synthetic  dialkyl 
aromatic  hydrocarbon  is  characterized  by  possessing  two 
pendant  alkyl  side  chain  groups  of  significantly  different 
lengths,  one  short  and  preferably  linear,  on  the  order  of  2 
to  4  carbons,  preferably  2  carbons,  and  the  other  long,  on 
the  order  of  14  to  18  carbons,  preferably  15-17,  most  prefer- 
ably  15-16  carbons  (and  mixtures  thereof)  and  linear,  the 
aromatic  group  to  which  the  two  pendant  alkylside  chain 
groups  are  appended  being  a  phenyl  moiety.  The  synthetic 
dialkyl  aromatics  of  the  present  invention  which  are  useful 
as  synthetic  lubricant  base  stocks  or  base  stock  additives 
are  characterized  as  possessing  in  total  about  23  to  28 
carbons  preferably  about  23  to  26  carbons  most  preferably 
24  carbons  and  having  kinematic  viscosities  at  100°C  of 
approximately  2.2  to  3.7 cSt.  These  synthetic  stocks  also 
have  high  viscosity  indices  (VI  greater  than  about  95)  and 
low  pour  points  (less  than - 40 °C).  The  hydrogenated  forms 
of  the  dialkylaromatic  materials  are  also  good  synthetic 
specialty  and  lubricating  oil  base  stocks  and  base  stock 
additives. 



DESCRIPTION  OF  THE  INITENTION 

A  s y n t h e t i c   d i a l k y l a r o m a t i c   h y d r o c a r b o n   i s  

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

and  l u b r i c a t i n g   o i l   b a s e   s t o c k   or  b a s e   s t o c k   a d d i t i v e .  

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

t e r i z e d   by  p o s s e s s i n g   two  p e n d a n t   a l k y l   s i d e   c h a i n  

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

and  p r e f e r a b l y   l i n e a r ,   on  t he   o r d e r   of  2  to  4  c a r b o n s ,  

p r e f e r a b l y   2  c a r b o n s ,   and  t h e   o t h e r   l o n g ,   on  t h e   o r d e r  

of  14  to  18  c a r b o n s ,   p r e f e r a b l y   1 5 - 1 7 ,   m o s t   p r e f e r a b l y  

1 5 - 1 6   c a r b o n s   (and   m i x t u r e s   t h e r e o f )   and   l i n e a r ,   t h e  

a r o m a t i c   g r o u p   to  w h i c h   t he   two  p e n d a n t   a l k y l s i d e   c h a i n  

g r o u p s   a r e   a p p e n d e d   b e i n g   a  p h e n y l   m o i e t y .   The  s y n -  
t h e t i c   d i a l k y l   a r o m a t i c s   of  t he   p r e s e n t   i n v e n t i o n   w h i c h  

a r e   u s e f u l   as  s y n t h e t i c   l u b r i c a n t   b a s e   s t o c k s   or  b a s e  

s t o c k   a d d i t i v e s   a r e   c h a r a c t e r i z e d   as  p o s s e s s i n g   i n  

t o t a l   a b o u t   23  to  28  c a r b o n s   p r e f e r a b l y   a b o u t   23  to   26  

c a r b o n s   m o s t   p r e f e r a b l y   24  c a r b o n s   and  h a v i n g   k i n e m a t i c  

v i s c o s i t i e s   a t   1 0 0 ° C   of  a p p r o x i m a t e l y   2 .2   to  3 .7  c S t .  

T h e s e   s y n t h e t i c   s t o c k s   a l s o   h a v e   h i g h   v i s c o s i t y   i n d i c e s  

(VI  g r e a t e r   t h a n   a b o u t   95)  and  low  p o u r   p o i n t s   ( l e s s  

t h a n   - 4 0 0 C ) .   The  h y d r o g e n a t e d   f o r m s   of  t h e   d i a l k y l -  

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

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

a d d i t i v e s .  

DESCRIPTION  OF  THE  FIGURES 

F i g u r e   1  shows  t h e   b o i l i n g   p o i n t   c u r v e s   of  2 

d i a l k y l b e n z e n e s   and  2  p o l y a l p h o l e f i n s .  



The  d i a l k y l   b e n z e n e   s y n t h e t i c   s p e c i a l t y   o i l  

and  l u b r i c a n t   (or  b a s e   s t o c k   a d d i t i v e )   i s   p r o d u c e d   b y  

e m p l o y i n g   an  a r o m a t i c   s t r e a m   of  b e n z e n e ,   t o l u e n e ,   e t h y l  

b e n z e n e ,   n  p r o p y l   b e n z e n e ,   i s o p r o p y l   b e n z e n e ,   n - ,   s e c -  

or  t e r t   b u t y l   b e n z e n e   and  m i x t u r e s   t h e r e o f ,   p r e f e r a b l y  

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

p r e f e r a b l y   e t h y l   b e n z e n e   and  a l k y l a t i n g   s u c h   s t r e a m  

u s i n g   a  c a t a l y s t   and  an  a l k y l a t i n g   a g e n t   w h i c h   a l k y l a t -  

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

C 2 - C 4   a n d / o r   C14-C18  o l e f i n s   ( b o t h  @ ,   r a n d o m   i n t e r n a l  

and  m i x t u r e s   t h e r e o f ) ,   p r e f e r a b l y   C3-C4  a n d / o r   C 1 4 - C l 8 ,  

m o r e   p r e f e r a b l y   C3-C4  a n d / o r   C 1 5 - C 1 6   mono  o l e f i n s .  

Random  i n t e r n a l   n - o l e f i n s   as  w e l l   as  a l p h a   o l e f i n s   h a v e  

b e e n   f o u n d   to  p r o d u c e   h i g h   q u a l i t y   l i n e a r   d i a l k y l  

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

The  d i a l k y l a r o m a t i c s   c a n   be  p r e p a r e d   b y  

a l k y l a t i n g   b e n z e n e   w i t h   a  l o n g   c h a i n   C14  to  C18  l i n e a r  

m o n o - o l e f i n   and  t h e n   a l k y l a t i n g   t h i s   m o n o - a l k y l a t e   w i t h  

a  C2  to   C4  l i n e a r   m o n o - o l e f i n ,   or  v i s e - v e r s a ;   or  b y  

a l k y l a t i n g   a  s h o r t   c h a i n   m o n o a l k y l b e n z e n e   (eg  e t h y l  

b e n z e n e )   w i t h   a  l i n e a r   C14  to  C18  o l e f i n   or  b y  

a l k y l a t i n g   a  l ong   c h a i n   ( C 1 4 - C 1 8 )   m o n o a l k y l b e n z e n e   w i t h  

a  C2-C4  o l e f i n .  

The  p r e f e r r e d   d i a l k y l   a r o m a t i c   h y d r o c a r b o n  

w h i c h   is   u s e f u l   as  s y n t h e t i c   s p e c i a l t y   o i l   and  l u b r i -  

c a n t   b a s e   s t o c k   or  b a s e   s t o c k   a d d i t i v e   is   e t h y l   h e x a -  

d e c y l b e n z e n e   made  by  a l k y l a t i n g   e t h y l   b e n z e n e   w i t h  

n - h e x a d e c e n e   or  by  mono  a l k y l a t i n g   b e n z e n e   w i t h   t he   C16 
o l e f i n   f o l l o w e d   by  a l k y l a t i n g   t h i s   a l k y l a t e   w i t h  

e t h y l e n e .   The  long   c h a i n   o l e f i n   can  be  e i t h e r   an  a l p h a  

or  r andom  i n t e r n a l   o l e f i n ,   p r e f e r a b l y   the   a l p h a   or  b e t a  

o l e f i n ,   or  m i x t u r e s   t h e r e o f .  



A l k y l a t i o n   i s   p e r f o r m e d   u n d e r   t y p i c a l  

F r i e d e l   C r a f t s   c o n d i t i o n s ,   e m p l o y i n g   t y p i c a l   F r i e d e l  

C r a f t s   c a t a l y s t ,   s u c h   as  A l C 1 3 ,   H B r ,   HF,  e t c . ,   or  b y  

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

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

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

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

c a t a l y s t   i s   d i s c l o s e d   and  c l a i m e d   in  c o - p e n d i n g   a p p l i -  

c a t i o n   O P - 2 9 5 5 ,   U.  S.  S e r i a l   No.  6 0 3 , 0 3 4  ,   f i l e d   e v e n  

d a t e   h e r e w i t h   in  t h e   name  of  H e a t h e r   B o u c h e r .   A l t e r n a -  

t i v e l y ,   a  c o l l a p s e d   z e o l i t e   of   r e d u c e d   c r y s t a l l i n i t y  

can   be  u s e d   as  an  a r o m a t i c   a l k y l a t i o n   c a t a l y s t   and  s u c h  

u s e   i s   d i s c l o s e d   and   c l a i m e d   in   c o - p e n d i n g   a p p l i c a -  

t i o n ,   O P - 2 9 5 6 ,   U.  S.  S e r i a l   No.   6 0 3 , 0 3 3   ,  f i l e d   e v e n  

d a t e   h e r e w i t h   in   t h e   n a m e s   of  H e a t h e r   B o u c h e r   and  I a n  

C o d y .  

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

t h e   p h y s i c a l   p r o p e r t i e s   of   a  d i a l k y l b e n z e n e   a r e   v e r y  
s u b t l e .   I t   i s   w e l l   k n o w n   t h a t   a  l o n g   s t r a i g h t   a l k y l  

s i d e   c h a i n   p r o m o t e s   a  h i g h   v i s c o s i t y   i n d e x .   H o w e v e r ,  

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

u n d e s i r a b l y   h i g h   p o u r   p o i n t .   As  w e l l ,   i t   i s   b e l i e v e d  

t h a t   a  d i - n - a l k y l b e n z e n e   w i l l   h a v e   a  l o w e r   v i s c o s i t y  

i n d e x   t h a n   a  m o n o - n - a l k y l b e n z e n e   b e c a u s e   i t   p o s s e s s e s  

m o r e   b r a n c h e d   c a r b o n   a t o m s .   I t   h a s   b e e n   f o u n d   in  t h e  

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

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

u n e x p e c t e d l y   t h a t   t h e   p r o p e r t i e s   of  d i - n - a l k y l b e n z e n e s  

w h i c h   c o n t a i n   one   s h o r t ,   2  to  4  c a r b o n   s i d e   c h a i n   a n d  

one  l o n g ,   l i n e a r   s i d e   c h a i n   a r e   as  g o o d   or  b e t t e r   t h a n  

t h o s e   of  l i n e a r   m o n o - n - a l k y l b e n z e n e s   of  t h e   s a m e  

m o l e c u l a r   w e i g h t .   T h a t   i s ,   t h e s e   d i - n - a l k y l b e n z e n e s  

p o s s e s s   t h e   h i g h   v i s c o s i t y   i n d i c e s ,   low  v i s c o s i t i e s   a n d  



low  v o l a t i l i t i e s   of  t h e i r   l i n e a r   m o n o - n - a l k y l b e n z e n e  

i s o m e r s .  

Many  i s o m e r i c   d i - n - a l k y l b e n z e n e s   can   b e  

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

c a r b o n   a t o m s   can   be  d i s t r i b u t e d   in  d i f f e r e n t   w a y s  
b e t w e e n   t he   two  l i n e a r   s i d e   c h a i n s .  

A  d i - n - a l k y l b e n z e n e   m o l e c u l e   c o n t a i n i n g   24 

c a r b o n   a t o m s   p o s s e s s e s   18  c a r b o n   a t o m s   in  i t s   s i d e  

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

atom  in  one  s i d e   c h a i n   and  17  in  t h e   o t h e r ;   a  s e c o n d  

i s o m e r i c   p o s s i b i l i t y   w o u l d   h a v e   2  c a r b o n   a toms   in  o n e  

s i d e   c h a i n   and  16  in  t he   o t h e r ,   e t c .   I t   h a s   been   f o u n d  

t h a t   t he   mos t   d e s i r a b l e   p r o p e r t i e s   of  d i - n - a l k y l b e n z e n e  

i s o m e r s   d e t e r i o r a t e   as  t h e   l e n g t h s   of  t h e   a l k y l   s i d e  

c h a i n s   b e c o m e   m o r e   e q u a l .   For  e x a m p l e ,   i t   is  s e e n   i n  

T a b l e   1  t h a t   n - b u t y l t e t r a d e c y l b e n z e n e   ( E x a m p l e   3)  h a s  

g r e a t e r   low  t e m p e r a t u r e   v i s c o s i t y   and  a  l o w e r   v i s c o s i t y  

i n d e x   t h a n   e t h y l h e x a d e c y l b e n z e n e   ( E x a m p l e s   1  and  2 ) .  

T h u s ,   t h e   o i l   of  E x a m p l e s   1  and  2  a r e   p r e f e r r e d .   T h e  

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

n - b u t y l t e t r a d e c y l b e n z e n e   t h a n   t h e y   a r e   in  e t h y l h e x a -  

d e c y l b e n z e n e .  

T h e  m o n o a l k y l b e n z e n e   i s o m e r   c o n t a i n i n g   24 

c a r b o n s   ( T a b l e   1,  E x a m p l e   4)  i s   s e e n   to   h a v e   a  r e l a -  

t i v e l y   h i g h   p o u r   p o i n t   of  - 1 8 ° C ,   so  t h a t   i t   w a s  

i m p o s s i b l e   to  m e a s u r e   i t s   v i s c o s i t y   a t   - 2 5 ° C .   T h i s  

i l l u s t r a t e s   t he   a d v a n t a g e   of  d i - a l k y l b e n z e n e   i s o m e r s   a s  

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

A  t r i - a l k y l b e n z e n e   i s o m e r   c o n t a i n i n g   24 

c a r b o n s ,   o r t h o   d i m e t h y l   h e x a d e c y l b e n z e n e   ( T a b l e   1 ,  

E x a m p l e   5)  is   s e e n   to  h a v e   h i g h   v i s c o s i t y ,   low  v i s -  

c o s i t y   i n d e x   and  a  h i g h e r   p o u r   p o i n t   t h a n   e i t h e r   of  t h e  



d i a l k y l b e n z e n e   i s o m e r s   c o n t a i n i n g   24  c a r b o n s .   T h i s  

a l s o   i l l u s t r a t e s   t h e   s u p e r i o r i t y   of  t h e   d i a l k y l b e n z e n e  

i s o m e r s   as  l u b r i c a n t s .   T h u s ,   d i - n - a l k y l b e n z e n e s   c o n -  

t a i n i n g   one  v e r y   s h o r t   a l k y l   s i d e   c h a i n ,   and   one   v e r y  

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

t h e   o i l   to  p o s s e s s   e x c e l l e n t   p h y s i c a l   p r o p e r t i e s   as   a  

l u b r i c a t i n g   o i l   b a s e s t o c k .  

W h i l e   i t   i s   d e s i r a b l e   t h a t   t h e   d i - n - a l k y l -  

b e n z e n e   p o s s e s s   one  v e r y   l o n g   and  one  v e r y   s h o r t   l i n e a r  

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

s t r u c t u r e   is   t h a t   in  w h i c h   t h e   s h o r t   a l k y l   s i d e   c h a i n  

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

p r o p e r t i e s   of   t h i s   i s o m e r   a r e   p r e f e r r e d   o v e r   t h o s e  

e x h i b i t e d   by  t h e   i s o m e r   w h e r e   t h e   s h o r t   c a r b o n   s i d e  

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

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

p r o p e r t i e s   t h a n   t h e   m e t h y l   i s o m e r .   In  T a b l e   2,  t h e  

p h y s i c a l   p r o p e r t i e s   of  t h e   m e t h y l   and  e t h y l   i s o m e r s   o f  

C23  d i - n - a l k y l b e n z e n e s   a r e   l i s t e d .   The  o i l   of  E x a m p l e  

1 2 ,   t h e   e t h y l   i s o m e r ,   e x h i b i t s   l o w e r   v i s c o s i t y ,   a  

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

o i l   of  E x a m p l e   1 1 ,   t h e   m e t h y l   i s o m e r .   The  o i l   o f  

E x a m p l e   12  is  t h u s   p r e f e r r e d .  

The  p r e f e r r e d   s t r u c t u r e   of   a  d i - n - a l k y l -  

b e n z e n e   to   be  u s e d   as   a  l u b r i c a t i n g   b a s e s t o c k   i s  

r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a :   ( 1 ) :  



In  ( 1 ) ,   R  a n d   R'  a r e   h y d r o g e n   or  s t r a i g h t   c h a i n   a l k y l  

g r o u p s   and  the   sum  of  t he   c a r b o n   a t o m s   in  t h e   g r o u p s   R 

and  R1  is   14  or  15 .   T h u s ,   t h e   t o t a l   number   of  c a r b o n  

a toms   in  t h e   l o n g ,   l i n e a r   s i d e   c h a i n   is   15  or  16.   T h e  

two  a l k y l   g r o u p s   c a n   o c c u p y   any   p o s i t i o n   r e l a t i v e   t o  

each   o t h e r   on  t h e   a r o m a t i c   r i n g ,   t h a t   i s ,   o r t h o ,   m e t a  

or  p a r a .   I t   i s   e x p e c t e d   t h a t   a  m i x t u r e   of  t h e s e   w i l l  

r e s u l t   f rom  m o s t   m e t h o d s   of  p r e p a r i n g   t h e   d i - n - a l k y l -  

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

a m o r p h o u s   wide   p o r e   s i l i c a   a l u m i n a   c a t a l y s t   of  O P - 2 9 5 5  

( S e r i a l   No.  )  y i e l d s   a  p r o d u c t   p o s s e s s i n g   a  

v e r y   h i g h   c o n c e n t r a t i o n   of  l o n g   s t r a i g h t   c h a i n   a l k y l a t e  

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

u n d e s i r a b l e   p o l y a l k y l a t e d   a r o m a t i c s   and  p o l y m e r i c  

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

of  some  m i n o r   q u a n t i t y   of   p o l y a l k y l a t e d   a r o m a t i c   h a s  

b e e n   f o u n d   to  be  n o n - d e t r i m e n t a l   to  t he   o v e r a l l   p e r -  
f o r m a n c e   of  t h e   d i a l k y l   a r o m a t i c   h y d r o c a r b o n   as  a  

s y n t h e t i c   l u b e   b a s e   s t o c k   or  a d d i t i v e .  

S y n t h e t i c   l u b e   o i l s   h a v i n g   l e s s   t h a n   a b o u t   4 

c S t   v i s c o s i t y   a t   1 0 0 ° C   a r e   u s e d   p r i m a r i l y   as  l i g h t  

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

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

l e s s   t h a n   a b o u t   4  c S t   v i s c o s i t y   a t   100°C  a r e   c o m m e r -  

c i a l l y   a v a i l a b l e .   P o l y a l p h a o l e f i n s   ( p r i m a r i l y   i s o -  

p a r a f f i n s )   h a v i n g   v i s c o s i t i e s   of  2 -4   c S t / 1 0 0 ° C   a n d  

a l k y l b e n z e n e s   h a v i n g   v i s c o s i t i e s   of  1 . 8   and  5 . 1  

c S t / 1 0 0 ° C   a r e   c o m m e r c i a l l y   a v a i l a b l e ;   h o w e v e r ,   t h e  

l i g h t e r   g r a d e   in  e a c h   c a s e   is   too   v o l a t i l e   (100  LV%  o f f  

a t   3750C)  fo r   use   as  an  e n g i n e   o i l   b l e n d i n g   s t o c k .  

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

w o u l d   h a v e   a  v i s c o s i t y   of  l e s s   t h a n   a b o u t   4  c S t / 1 0 0 o C  

b u t   more  t h a n   2  c S t / 1 0 0 o C ,   fo r   e x a m p l e ,   in  t h e   r a n g e   o f  

a b o u t   2 . 2   to   3 . 7   c S t / 1 0 0 ° C .   Such  a  m a t e r i a l   c o u l d   b e  



u s e d   a t   a  l o w e r   t r e a t   r a t e   t h a n   a  c o n v e n t i o n a l   4 

c S t / 1 0 0 ° C   PAO  in  a  many  a p p l i c a t i o n s ,   r e s u l t i n g   in  a 

c o s t   s a v i n g .  

D i a l k y l a r o m a t i c s   can  be  p r e p a r e d   h a v i n g   a n y  

v i s c o s i t y   d e s i r e d   b e t w e e n   a b o u t   2 . 2   and  4  c S t / 1 0 0 ° C .  

The  l i g h t e s t   a l k y l b e n z e n e   s u i t a b l e   as  a  b l e n d i n g   s t o c k  

w o u l d   be  t h a t   w h i c h   j u s t   me t   v o l a t i l i t y   and  low  t e m -  

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

F i g u r e   1,  w h i c h   s h o w s   t h e   b o i l i n g   p o i n t   c u r v e s   of  t w o  

d i - a l k y l b e n z e n e s ,   e t h y l p e n t a d e c y l b e n z e n e   and  e t h y l -  

h e x a d e c y l b e n z e n e   and   t h o s e   of   two  PAO's   (2  c S t / 1 0 0 ° C  

and  4  c s t / 1 0 0 ° C ) .   The  a l k y l b e n z e n e s ,   h a v i n g   d i s c r e t e  

m o l e c u l a r   w e i g h t s ,   h a v e   v e r y   n a r r o w   b o i l i n g   r a n g e s ,  
w h i l e   t h e   P A O ' s ,   in  c o n t r a s t ,   c o n t a i n   s e v e r a l   s p e c i e s  

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

r a n g e s .   The  low  b o i l i n g   2  c S t / 1 0 0 ° C   PAO  f a i l s  

v o l a t i l i t y   s p e c i f i c a t i o n s   in  many  a p p l i c a t i o n s ,   w h i l e  

t h e   4  c S t   PAO  is  too   v i s c o u s   f o r   c e r t a i n   a p p l i c a t i o n s .  

T r a d i t i o n a l l y ,   a l k y l a r o m a t i c s   h a v e   b e e n  

p r o d u c e d   u s i n g   F r i e d e l - C r a f t s   c a t a l y s t s ,   s u c h   as  HF  a n d  

A l C 1 3 .   HF  is   s t i l l   e x t e n s i v e l y   u s e d   in  t he   p r o d u c t i o n  

of  d e t e r g e n t   a l k y l a t e s .   W h i l e   t h e s e   p r o c e s s e s   h a v e  

p r o v e n   to  be  c o m m e r c i a l ,   and  can   be  u sed   to  p r o d u c e   t h e  

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

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

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

q u a l i t y   s t a n d a r d s   e x t e n s i v e   p r o d u c t   p r o c e s s i n g   a n d  

c l e a n - u p   p r o c e d u r e s   w i l l   be  r e q u i r e d .   The  p r e s e n c e   o f  

c h e m i c a l s   s u c h   as  A l C l 3 ,   HF  and  the   a c i d   r e s i d u e s   t h e y  

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

and  e x t e n s i v e l y   w a s h e d ,   c a n   h a v e   a  d r a m a t i c   a d v e r s e  

e f f e c t   on  o i l   s t a b i l i t y .  



A l k y l a t i n g   p r o c e d u r e s   a l s o   i n v o l v e   t h e   u s e  

of  a c i d i c   z e o l i t e s   as  a l k y l a t i n g   c a t a l y s t s .   T y p i c a l  

z e o l i t e s ,   h o w e v e r ,   p r o d u c e   a  m i x t u r e   of  m o n o - ,   d i - ,  

t r i - ,   and  p o l y a l k y l a r o m a t i c   m a t e r i a l .  

The  s t r u c t u r e s ,   and  t h u s   t he   p r o p e r t i e s ,   o f  

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

d i f f e r .   E a r l y   a t t e m p t s   to  s y n t h e s i z e   l i n e a r   a l k y l -  

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

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

to  t h e   c o - p r o d u c t i o n   of  >10%  n o n - l i n e a r   ( n o n - b i o d e -  

g r a d a b l e )   a l k y l a t e .   T h i s   s i d e   p r o d u c t   was  t h e   r e s u l t  

of  a c i d - c a t a l y z e d   s k e l e t a l   r e a r r a n g e m e n t   of  t h e   l i n e a r  

a l k y l a r o m a t i c s   o r ,   m o r e   l i k e l y ,   of  t h e   l i n e a r   o l e f i n  

r e a c t a n t .   T h i s   t y p e   of  r e a r r a n g e m e n t   has   b e e n   r e p o r t e d  

in  r e c e n t   p a t e n t s   c o n c e r n i n g   t h e   h i g h   t e m p e r a t u r e  

a l k y l a t i o n   of  a r o m a t i c s   w i t h   l i n e a r   o l e f i n s   u s i n g   ZSM-5 

c a t a l y s t .   ( S e e   U.  S.  P a t e n t   No.  4 , 3 0 1 , 3 1 6   and  U.  S .  

P a t e n t   No.  4 , 3 0 1 , 3 1 7 ) .  

P r e f e r r e d   a l k y l a t i o n   p r o c e d u r e s   i n v o l v e   t h e  

u s e   of  w i d e   p o r e   a c i d i c   a m o r p h o u s   s i l i c a - a l u m i n a  

m a t e r i a l s   as  c a t a l y s t   ( d i s c l o s e d   and  c l a i m e d   i n  

c o p e n d i n g   a p p l i c a t i o n   O P - 2 9 5 5 ,   U.  S.  S e r i a l   N o .  

,  f i l e d   even   d a t e   h e r e w i t h ) ,   and  t he   use   of  l o w  

c r y s t a l l i n i t y ,   p a r t i a l l y   c o l l a p s e d   z e o l i t e s   ( d i s c l o s e d  

and  c l a i m e d   in  c o p e n d i n g   a p p l i c a t i o n   O P - 2 9 5 6 ,   U.  S .  

S e r i a l   No.  ,  f i l e d   even   d a t e   h e r e w i t h ) .   Use  o f  

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

p r o d u c t .  

In  O P - 2 9 5 5 ,   U.  S.  S e r i a l   No.  ,  i t   i s  

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

r e l a t i v e l y   l o n g - c h a i n   a l k y l a t i n g   a g e n t s   (eg  o l e f i n s ) ,  

when  c a r r i e d   ou t   in  t he   p r e s e n c e   of  c e r t a i n   l a r g e   p o r e ,  



n o n - c r y s t a l l i n e   s i l i c a - a l u m i n a   c a t a l y s t s ,   w i l l   r e s u l t  

in  p h e n y l a l k a n e s .   The  m a j o r   p r o d u c t   of  t he   r e a c t i o n   i s  

t h a t   w h i c h   r e s u l t s   f r o m   m o n o - a l k y l a t i o n ;   v e r y   l i t t l e  

p o l y a l k y l a t i o n   or  o l e f i n   p o l y m e r i z a t i o n   o c c u r s .  

The  n o n - c r y s t a l l i n e   s i l i c a   a l u m i n a   c a t a l y s t s  
u t i l i z a b l e   in  t h e   p r o c e s s ,   as  d i s c l o s e d   in  O P - 2 9 5 5 ,  

U.  S.  S e r i a l   No.  ,  may  be  n a t u r a l   or  s y n t h e t i c  

and  a r e   c h a r a c t e r i z e d   by  c h a n n e l s   or  n e t w o r k s   of  p o r e s ,  
t h e   r a d i i   of  t he   o p e n i n g s   to  t he   c h a n n e l s   r a n g i n g   f r o m  

a b o u t   2 0  A   to  a b o u t   1 , 0 0 0   Å,  and  a v e r a g i n g   f rom  a b o u t  
40 Å  to  a b o u t   5 0 0  

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

t h e s e   c a t a l y s t s   is  l e s s   i m p o r t a n t   t h a n   t h e   p o r e   r a d i i .  

The  s i l i c a   to   a l u m i n a   r a t i o   can  l i e   b e t w e e n   a b o u t   o n e  

and  a b o u t   10,   p r e f e r a b l y   b e t w e e n   2  and  7.  Two  e x a m p l e s  

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

t he   High  A l u m i n a   ( S i / A l  =   3)  and  Low  A l u m i n a   ( S i / A l  =  

6)  a m o r p h o u s   c a t a l y s t s   m a n u f a c t u e d   by  A r m a k .   T h e  

a v e r a g e   p o r e   r a d i u s   in  t h e   High  A l u m i n a   c a t a l y s t   is   1 0 0  

Å ,  w h i l e   t h a t   in  t h e   Low  A l u m i n a   c a t a l y s t   is  188  A .  

The  c a t a l y s t s   u s e f u l   in  t h e   c o n v e r s i o n  

p r o c e s s   h a v e   a t   l e a s t   10%  of  t h e   c a t i o n i c   s i t e s  

o c c u p i e d   by  i o n s   o t h e r   t h a n   a l k a l i   or  a l k a l i n e   e a r t h  

m e t a l s .   T y p i c a l   b u t   n o n - l i m i t i n g   r e p l a c i n g   i o n s  

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

a c c o r d e d   a m m o n i u m ,   h y d r o g e n ,   r a r e   e a r t h   and   c o m b i n a -  

t i o n s   t h e r e o f .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e  

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

f o r m ,   g e n e r a l l y   by  r e p l a c e m e n t   of  t he   a l k a l i   m e t a l   o r  

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



c u r s o r s ,   e . g . ,   a m m o n i u m   i o n s ,   w h i c h   upon  c a l c i n a t i o n  

y i e l d   t h e   h y d r o g e n   f o r m .  

The  p r o c e s s   is  c a r r i e d   ou t   by  c o n t a c t i n g   t h e  

a r o m a t i c   c o m p o u n d ,   w h i c h   may  be  a  s u b s t i t u t e d   or  u n s u b -  

s t i t u t e d   b e n z e n e ,   w i t h   t h e   a l k y l a t i n g   a g e n t   in  t h e  

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

u n d e r   s u i t a b l e   a l k y l a t i o n   c o n d i t i o n s .   P r e f e r r e d   c o n -  

d i t i o n s   i n c l u d e   a  t e m p e r a t u r e   of  b e t w e e n   a b o u t   25°C  a n d  

5 0 0 ° C   and  a  p r e s s u r e   of  a t   l e a s t   a b o u t   150  p s i g ,  

p r e f e r a b l y   a t   l e a s t   a b o u t   180  p s i g   a  f e e d   w e i g h t   h o u r l y  

s p a c e   v e l o c i t y   (WHSV)  of  b e t w e e n   a b o u t   0 . 1   and  a b o u t  

500  h r - 1   and  an  a l k y l a t i n g   a g e n t   to  a r o m a t i c   m o l a r  

r a t e s   of  1 :1   to  1 : 1 0 .   P r e f e r r e d   r e a c t i o n   c o n d i t i o n s  

i n c l u d e   a  t e m p e r a t u r e   w i t h   t he   r a n g e   of  a b o u t   70°C  t o  

250°C  a t   a  WHSV  of  b e t w e e n   a b o u t   0 .5   and  100  h r - 1   and  a  

p r e s s u r e   of  a t   l e a s t   a b o u t   180  p s i g .   The  r e a c t a n t s   m a y  
be  in  e i t h e r   t h e   v a p o u r   p h a s e   or  t he   l i q u i d   p h a s e   a n d  

may  be  n e a t ,   i . e . ,   f r e e   f rom  i n t e n t i o n a l   a d m i x t u r e   o r  

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

c o n t a c t   w i t h   t h e   c a t a l y s t   w i t h   t he   a i d   of  c a r r i e r   g a s e s  
o r . d i l u e n t s   s u c h   a s ,   f o r   e x a m p l e ,   h y d r o g e n   or  n i t r o g e n .  

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

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

bed  c a t a l y s t   s y s t e m .  

The  p r e f e r r e d   m e t h o d   of  u s e   i s   c o n t i n u o u s  

o p e r a t i o n .  

In  O P - 2 9 5 6 ,   U.  S.  S e r i a l   No.  ,  t h e  

a l k y l a t i o n   p r o c e s s   u s i n g   the   a c i d i c   low  c r y s t a l l i n i t y  

p a r t i a l l y   c o l l a p s e d   z e o l i t e ,   t he   a l k y l a t i o n   c o n d i t i o n s  

e m p l o y e d   a r e   as  f o l l o w s :   a  t e m p e r a t u r e   of  b e t w e e n  

a b o u t   50  to  2 0 0 0 C ,   p r e f e r a b l y   a b o u t   60  to  1 5 0 ° C ,   m o r e  



p r e f e r a b l y   a b o u t   70  to  1 4 0 ° C ;   a t   a  p r e s s u r e   of  a b o u t   0 

to  200  p s i g ,   p r e f e r a b l y   a b o u t   120  p s i g   a n d   g r e a t e r ,  

m o s t   p r e f e r a b l y   a b o u t   180  p s i g   and  g r e a t e r   u s i n g   a  d r y  

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

v e l o c i t y   (WHSV  gm  o l e f i n : g m   c a t a l y s t / h r )   of  a b o u t   0 . 1  

to   10  h r - 1 ,   p r e f e r a b l y   a b o u t   0 . 5   to   4  h r - 1 ,   m o s t  

p r e f e r a b l y   a b o u t   0 . 8   to   2  h r - l .   The  r a t i o   of  a r o m a t i c  

to   a l k y l a t i n g   a g e n t   ( p r e f e r a b l y   o l e f i n )   s t a r t i n g  

m a t e r i a l   i s   a b o u t   1 : 1   to   1 0 : 1 ,   p r e f e r a b l y   a b o u t   2 : 1   t o  

8 : 1 ,   m o s t   p r e f e f a b l y   a b o u t   3 : 1   to   5 : 1 .  

The  p r o c e s s   of   O P - 2 9 5 6 ,   U.  S.  S e r i a l   N o .  

6 0 3 , 0 3 3 : ,   c a n   be  p r a c t i c e d   in   e i t h e r   a  b a t c h   o r   c o n -  

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

In  p r a c t i c i n g   t h e   a l k y l a t i o n   p r o c e s s   o f   OP 

2 9 5 6 ,   USSN  6 0 3 , 0 3 3  ,   a  m e t a l   f r e e ,   a c i d i c   low  c r y s t a l -  

l i n i t y   p a r t i a l l y   c o l l a p s e d   l a r g e   p o r e   z e o l i t e   i s  

e m p l o y e d   as   t h e   c a t a l y s t .   The  p r o c e d u r e   e m p l o y e d   t o  

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

z e o l i t e   i s   d e s c r i b e d   in  d e t a i l   in  c o p e n d i n g   a p p l i c a t i o n  

U.  S.  S e r i a l   No.  4 1 6 , 0 9 2 ,   f i l e d   S e p t e m b e r   8 ,   1 9 8 2 .   I n  

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

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

z e o l i t e   s u c h   as  Z e o l i t e   Y  or  Z e o l i t e   X,  w i t h   i o n s   w h i c h  

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

as  NH4+  i o n s ,   d r y i n g   t h e   e x c h a n g e d   z e o l i t e ,   t h e n  

c a l c i n i n g   t h e   e x c h a n g e d   z e o l i t e   in  a  r e l a t i v e l y   d r y  

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

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

m a t e r i a l .   The   d e g r e e   of   c a t i o n   e x c h a n g e   i s   g e n e r a l l y  

to  a  l e v e l   of   g r e a t e r   t h a n   a b o u t   50%,  w i t h   e x c h a n g e s   t o  

a  l e v e l   of   g r e a t e r   t h a n   70%  b e i n g   p r e f e r r e d .   T h e  

e x c h a n g e d   z e o l i t e   i s   d r i e d   so  as  to  p r e f e r a b l y   c o n t a i n  

no  m o r e   t h a n   an  e q u i l i b r i u m   a m o u n t   of   m o i s t u r e .   T h e  

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



a b o u t   3 0 0 ° C   ( g e n e r a l l y   a b o u t   30C  to  6 0 0 ° C )   in  a 

r e l a t i v e l y   d r y   a t m o s p h e r e ,   e . g . ,   an  a t m o s p h e r e   w h i c h  

g e n e r a l l y   c o n t a i n s   l e s s   t h a n   a b o u t   1  p s i   w a t e r   v a p o r  

p a r t i a l   p r e s s u r e   a t   the   c o n d i t i o n s   u s e d .   The  c a l c i n e d  

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

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

more  t h a n   t r a c e   a m o u n t s   of  m o s i t u r e ,   or  in  a  v a c u u m ,   a t  

f rom  400  to  9 0 0 o C .  

The  c r y s t a l l i n e   z e o l i t e   s t a r t i n g   m a t e r i a l   i s  

s u b j e c t e d   to  t he   above   r e c i t e d   p r o c e d u r e   so  as  to   p r o -  
d u c e   a  low  c r y s t a l l i n i t y   p a r t i a l l y   c o l l a p s e d   z e o l i t e  

p r o d u c t   m a r k e d   by  h a v i n g   a b o u t   30-80%  r e t a i n e d   c r y s t a l -  

l i n i t y   as  m e a s u r e d   by  XRD.  C r y s t a l l i n i t y   l o s s e s   o f  

g r e a t e r   t h a n   a b o u t   70%  a r e   n o t   d e s i r a b l e   in  t h e  

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

no t   as  s e l e c t i v e   f o r   the   p r o d u c t i o n   of  m o n o a l k y l a t i o n  

p r o d u c t .   C r y s t a l l i n i t y   l o s s   c an   be  c o n t r o l l e d   b y  

a d j u s t i n g   e i t h e r   or  b o t h   of  t h e   a m o u n t   of  m o i s t u r e  

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

( t h e   g r e a t e r   t he   m o i s t u r e   c o n t e n t   t he   l o w e r   t h e   l o s s   o f  

c r y s t a l l i n i t y )   a n d / o r   t h e   t h i c k n e s s   of  t h e   bed  of  t h e  

c a t i o n   e x c h a n g e d   m a t e r i a l   in  t h e   c a l c i n a t i o n   o v e n   ( t h e  

t h i c k e r   t h e   bed  of  c a t i o n   e x c h a n g e d   m a t e r i a l ,   t h e   l o w e r  

t h e   l o s s   of  c r y s t a l l i n i t y   a t   a  g i v e n   c a l c i n a t i o n  

t e m p e r a t u r e ) .   The  low  c r y s t a l l i n i t y ,   p a r t i a l l y  

c o l l a p s e d   z e o l i t e   wh ich   is  p r e f e r r e d   f o r   u s e   t h e r e f o r e  

h a s   a b o u t   3 0 - 8 0 %   r e t a i n e d   c r y s t a l l i n i t y   as  d e t e r m i n e d  

by  x - r a y   d i f f r a c t i o n   ( X R D ) .  

The  p e r c e n t a g e   of  r e t a i n e d   c r y s t a l l i n i t y   i n  

a  low  c r y s t a l l i n i t y ,   p a r t i a l l y   c o l l a p s e d   z e o l i t e   s a m p l e  

is   o b t a i n e d   by  a v e r a g i n g   t h e   h e i g h t s   of  f i v e   m a j o r  

p e a k s   in  t h e   XRD  p a t t e r n   and  c o m p a r i n g   t h i s   v a l u e   t o  

t h e   a v e r a g e   of  t h e   h e i g h t   of  t h e s e   f i v e   p e a k s   in  t h e  

XRD  p a t t e r n   of  t h e   p a r e n t   s o d i u m   z e o l i t e .   The  f i v e  



( m a j o r )   p e a k s   w h i c h   a r e   u s e d   in  t h e   c a l c u l a t i o n   a r e  
t h o s e   w h i c h   o c c u r   a t   GO  v a l u e s   of  1 5 . 5 ,   2 0 . 2 ,   2 3 . 5 ,  

26 .9   and  3 1 . 3 .  

S a m p l e s   of  Z e o l i t e   Y  w h i c h   p o s s e s s   r e d u c e d  

c r y s t a l l i n i t y ,   as  m e n t i o n e d   a b o v e ,   a r e   a c t i v e   c a t a l y s t s  

f o r   t h e   a l k y l a t i o n   of  a r o m a t i c   h y d r o c a r b o n s ,   such   a s  

b e n z e n e ,   t o l u e n e   and  e t h y l b e n z e n e ,   w i t h   o l e f i n s .   T h e  

a c t i v i t y   and  s e l e c t i v i t y   e x h i b i t e d   by  t h e   c a t a l y s t  

d e p e n d s   s t r o n g l y   on  t h e   d e g r e e   of  c r y s t a l l i n i t y   r e -  
t a i n e d   by  t h e   c a t a l y s t .   In  p a r t i c u l a r ,   Z e o l i t e   Y  w h i c h  

has   b e e n   d e e p l y   e x c h a n g e d   w i t h   NH4+  i o n s ,   c a l c i n e d   a t   a  

t e m p e r a t u r e   b e t w e e n   a b o u t   3 5 0 ° C   and  5 5 0 ° C ,   and  t h e n  

c o n d i t i o n e d   in  a  h y d r o g e n   a t m o s p h e r e   up  to   a  t e m p e r a -  

t u r e   of  4 5 0 ° C ,   e x h i b i t s   v e r y   h i g h   s e l e c t i v i t y   f o r  

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

o l e f i n s .   XRD  a n a l y s e s   s h o w e d   t h a t   t h e   c a t a l y t i c  
m a t e r i a l   p o s s e s s e d   a  p e r c e n t a g e   of  c r y s t a l l i n i t y  

g r e a t e r   t h a n   50%,  b u t   l e s s   t h a n   1 0 0 % .   M a t e r i a l s  

p o s s e s s i n g   a  p e r c e n t a g e   of  c r y s t a l l i n i t y   l e s s   t h a n  

a b o u t   50%  a r e   u s a b l e   b u t   e x h i b i t   i n f e r i o r   s e l e c t i v i t y  

and  a c t i v i t y   and  a r e   no t   p r e f e r r e d   f o r   t h a t   r e a s o n .  

C o n s e q u e n t l y ,   t h e   c a t a l y s t   p r e p a r a t i o n  

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

r e s p e c t i n g   m i x t u r e   c o n t e n t ,   t e m p e r a t u r e   and  bed   t h i c k -  

n e s s   p r e v i o u s l y   r e c i t e d   so  as  to  p r o v i d e   a  m a t e r i a l  

p o s s e s s i n g   a b o u t   50%  r e t a i n e d   c r y s t a l l i n i t y .  

The  s e l e c t i v i t y   f o r   m o n o a l k y l a t i o n   o b s e r v e d  

u s i n g   t h e s e   c a t a l y s t s   i s   v e r y   h i g h ,   g e n e r a l l y   b e i n g  

g r e a t e r   t h a n   or  e q u a l   to  90%,  and  a t   t i m e s   g r e a t e r   t h a n  

or  e q u a l   to  96%.  T h i s   h i g h   s e l e c t i v i t y   i s   n o t   i n  

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

h o m o g e n e o u s   c a t a l y s t s ,   such   as  h y d r o f l u o r i c   a c i d .   I n  



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

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

r e q u i r e d ,   and  in  t h e   c a s e   of   t y p i c a l   F r i e d e l - C r a f t s  

c a t a l y s t s   ( u s i n g ,   e . g . ,   A l C 1 3   or   HF)  p u r i f i c a t i o n  

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

a c c e p t a b l e   f o r   use   as  a  s y n t h e t i c   l u b e   o i l   b a s e s t o c k   o r  

b a s e s t o c k   a d d i t i v e .  

The  a l k y l a t i o n   p r o d u c t   may  be  p u r i f i e d ,   i f  

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

or   c o p r o d u c e d   by  p r o d u c t s ,   i f   d e s i r e d ,   by  s t a n d a r d  

s e p a r a t i o n   t e c h n i q u e s .   F o r   e x a m p l e ,   t h e   p r e s e n c e   o f  

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

may  be  u n d e s i r a b l e   in  a p p l i c a t i o n s   w h e r e   good   o x i d a t i v e  

s t a b i l i t y   i s   r e q u i r e d .   In  t h i s   c a s e ,   h y d r o g e n a t i o n ,  

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

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

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

n a p h t h e n e s ,   may  be  d e s i r a b l e .   A l t e r n a t i v e l y ,   p u r i f i -  

c a t i o n   may  be  c a r r i e d   o u t   by  p h y s i c a l   s e p a r a t i o n  

t e c h n i q u e s   s u c h   as  by  d i s t i l l a t i o n ,   or  s e l e c t i v e   p e r -  

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

a s y m m e t r i c   r e v e r s e   o s m o s i s   p o l y i m i d e   m e m b r a n e .   Such  a  

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

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

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

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

c o p e n d i n g   a p p l i c a t i o n   A t t o r n e y   D o c k e t   No.   2 9 0 3 ,   U.  S .  

S e r i a l   No.  6 D 3 , 0 2 8 ,   f i l e d   e v e n   d a t e   h e r e w i t h .  

The  c a t a l y s t   u s e d   in   t h e   e x a m p l e s   r e p o r t e d  

h e r e i n   m a n u f a c t u r e d   by  Armak  and  s o l d   u n d e r   t he   d e s i g -  

n a t i o n   K e t j e n   H A 1 . 5 E ,   i s   a  m e t a l - f r e e ,   w i d e   p o r e  

a m o r p h o u s   s i l i c a - a l u m i n a   t h e   u s e   of   w h i c h   i s   e n c o m -  

p a s s e d   by  O P - 2 9 5 5   USSN  N o n - l i n e a r   a l k y l a t e  

p r o d u c t i o n   is   m i n i m a l   ( ≤ 2 % ) .   N o n - l i n e a r   m a t e r i a l  



e x h i b i t s   a  l o w e r   VI  and  is   m o r e   v o l a t i l e   t h a n   t h e  

l i n e a r   p r o d u c t ;   i t s   p r e s e n c e   w o u l d   be  d e t r i m e n t a l   t o  

t he   q u a l i t y   of  any  a l k y l a r o m a t i c   u s e d   as  a  l u b e   o i l .  

L i g h t   a l k y l b e n z e n e s   w e r e   a l k y l a t e d   w i t h  

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

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

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

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

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

h a v e   h i g h   VI ,   l o w e r   v i s c o s i t y   and  l o w e r   v o l a t i l i t y   t h a n  

t h e   a v e r a g e   s t r u c t u r e s .   E t h y l h e x a d e c y l b e n z e n e   has   b e e n  

f o u n d  t o   be  t h e   p r e f e r r e d   d i a l k y l b e n z e n e   a l k y l a t e .  

I s o l a t i o n   of  t he   m o n o a l k y l a t e d   a r o m a t i c   f rom  t he   t o t a l  

m i x t u r e   i s   n o t   r e q u i r e d ;   t h e   b u l k   r e a c t i o n   m i x t u r e  

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

The  a l k y l b e n z e n e s   r e p o r t e d   in  T a b l e s   1  and  2 

w e r e   p r e p a r e d   u s i n g   t h e   p r o c e d u r e   of  OP  2 9 5 5 ,   USSN 

e m p l o y i n g   a  h e t e r o g e n e o u s   a m o r p h o u s ,   wide   p o r e  

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

p l i e d   by  Armak  I n c .   ( K e t j e n   H A 1 . 5 E ) .   A l p h a o l e f i n s   ( G u l f  

C h e m i c a l   or  A l d r i c h )   w e r e   r a n d o m i z e d   by  h e a t i n g  

( 2 0 0 - 2 1 0 ° C )   o v e r   a l u m i n a   p e l l e t s ,   and  were   m o n i t o r e d  

u s i n g   t h e  @ - o l e f i n   p e a k   ( 1 6 4 0   CM-1)  in  t he   i n f r a r e d  

s p e c t r u m .   They  were   t h e n   d i s t i l l e d   to  r e c o v e r   o l e f i n  

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

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

f o u n d   to  a d v e r s e l y   a f f e c t   c a t a l y s t   l i f e ) .   Most  of  t h e  

a l k y l a t e s   w e r e   p r e p a r e d   by  h e a t i n g   t o g e t h e r   ( b a t c h  

r e a c t i o n )   a  4 : 1   m o l a r   r a t i o   of  a r o m a t i c : r a n d o m i z e d  

o l e f i n ,   w i t h   t he   c a t a l y s t   ( 0 . 4   g / g   o l e f i n )   a t   120°C  ( o r  

a t   t he   b o i l i n g   p o i n t   of  t he   a r o m a t i c   i f   t h a t   was  l o w e r )  

u n t i l   r e a c t i o n   was  c o m p l e t e .  



The  m o n o - a l k y l a t i o n   p r o d u c t   was  g e n e r a l l y  

p r o d u c e d   w i t h   a b o u t   80-90%  s e l e c t i v i t y .   The  r e a c t i o n  

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

to  r e c o v e r   t he   p r o d u c t s   on  m o n o - a l k y l a t i o n .   Gas  c h r o -  

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

p u r i t y .   The  p r o p e r t i e s   of  t h e   l i n e a r   a l k y l a t e s   p r e -  

p a r e d   c o n t a i n i n g   a  t o t a l   of  24,   25  and  26  c a r b o n s   a r e  

r e p o r t e d   in  T a b l e   1,  and  t h o s e   of  t h e   a l k y l a t e s   c o n -  

t a i n i n g   22  and  23  c a r b o n s   a r e   r e p o r t e d   in  T a b l e   2 .  

E t h y l h e x a d e c y l b e n z e n e   i s   s e e n   to   h a v e   t h e  

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

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

i n c l u d i n g   low  v i s c o s i t y ,   h i g h   v i s c o s i t y   i n d e x ,   low  p o u r  

p o i n t   and  low  v o l a t i l i t y   (<  10%  a t   3 7 5 ° C ) .   I t   w a s  

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

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

the   a l k y l b e n z e n e .   H y d r o g e n a t i o n   was  c a r r i e d   ou t   in  a  1 

l i t e r   a u t o c l a v e   a t   2 0 0 ° C   f o r   3  h o u r s   at   1500  p s i g   H 2 ,  

u s i n g   H a r s h a w   N i - 0 1 0 4 T   c a t a l y s t   ( 1 / 8 "   p e l l e t s ,   6 . 2 5  

g / 1 0 0   ml  o i l ) .   The  p r o p e r t i e s   of  e t h y l h e x a d e c y c l o -  

h e x a n e   a r e   g i v e n   in  T a b l e   3 .  









As  is   s e e n ,   t h e  p r o p e r t i e s   of   l i g h t   a l k y l -  

b e n z e n e s   d e p e n d   s t r o n g l y   on  t h e i r   s t r u c t u r e .   G e n e r a l l y ,  

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

b r a n c h e d   t h e   s t r u c t u r e ,   t h e   g r e a t e r   t h e   o i l ' s   v i s -  

c o s i t y ,   t h e   l o w e r   i t s   VI  and   t h e   l o w e r   i t s   b o i l i n g  

p o i n t .  

A  m o r e   s u b t l e   e f f e c t   of  m o l e c u l a r   s t r u c t u r e  

on  p h y s i c a l   p r o p e r t i e s   c a n   be  o b s e r v e d   a m o n g   a l k y l -  

b e n z e n e   i s o m e r s   w h i c h   d i f f e r   s o l e l y   in  t h e   p o i n t   o f  



a t t a c h m e n t   of  t he   l o n g   a l k y l   s i d e   c h a i n   Lu  t h e   b e n z e n e  

r i n g .   I s o m e r s   in  w h i c h   the   a r o m a t i c   n u c l e u s   i s   b o n d e d  

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

n o u n c e d   l i n e a r   s t r u c t u r e ,   and  e x h i b i t   p h y s i c a l   p r o -  

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

h i g h e r   V I ' s ,   l o w e r   v i s c o s i t i e s ,   l o w e r   v o l a t i l i t i e s   a n d  

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

o c c u r s   more   t o w a r d s   t h e   m i d d l e   of  t he   a l k y l   s i d e   c h a i n .  

The  a b o v e   s t r u c t u r e / p h y s i c a l   p r o p e r t y  

a n a l y s e s   a r e   i n t e n d e d   to  i l l u s t r a t e   b a s i c   t r e n d s ,  

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

w i t h   ' l i t e r a t u r e   t e a c h i n g .   M i n o r ,   b a t c h - t o - b a t c h  

v a r i a t i o n s   in  t h e   p h y s i c a l   p r o p e r t i e s   of  t h e s e   c o m -  

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

of  s e p a r a t i o n   p r o c e d u r e .  -   T h i s   w o u l d   be  e x p e c t e d   t o  

d i s a p p e a r   i f   l a r g e   s c a l e   c o n t i n u o u s   p r o c e s s i n g   w e r e   i n  

use   w h e r e b y   s u c h   d i f f e r e n c e s   would   t e n d   to  be  m a s k e d .  

The  s t u d y   of  t he   p r o p e r t i e s   of  l i g h t   a l k y l -  

b e n z e n e s   i n d i c a t e s   t h a t   t h e s e   c o m p o u n d s   c a n   e x h i b i t  

p r o p e r t i e s   d e s i r a b l e   in  a  s y n t h e t i c   l u b e   o i l .   A s  

o x i d a t i o n   s t a b i l i t y   is   an  i m p o r t a n t   f e a t u r e   of  l u b r i -  

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

e i t h e r   o l e f i n   s e l e c t i v e   or  c o m p l e t e ,   may  be  d e s i r a b l e  

and  p o s s i b l y   n e c e s s a r y .   Any  of  t h e   c o m m e r c i a l l y  

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

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

The  e x c e l l e n t   v i s c o m e t r i c   p r o p e r t i e s   of  s o m e  

of  t h e   b u l k   a l k y l a t e s   s u g g e s t s   t h a t   i s o l a t i o n   o f  

s p e c i f i c   a l k y l a t e s   f rom  the   b u l k   a l k y l a t i o n   p r o d u c t s   i s  

p r o b a b l y   n o t   n e c e s s a r y :   t he   b u l k   p r o d u c t s   s t r e a m   w o u l d  

p r o b a b l y   h a v e   p r o p e r t i e s   s i m i l a r   to  t h o s e   of  t h e   c o r -  

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

t i o n   to  r e m o v e   o l e f i n i c   u n s a t u r a t i o n   wou ld   be  d e s i r a b l e  



and   p o s s i b l y   n e c e s s a r y ,   d i s t i l l a t i o n   or  o t h e r   s e p a r a -  
t i o n   p r o c e d u r e s   to  r e c o v e r   s p e c i f i c   a l k y l a t e   p r o d u c t s  
c o u l d   be  e l i m i n a t e d .   P r o c e s s i n g   w o u l d   s i m p l y   i n v o l v e  

a l k y l a t i o n   ( i n   a  c o n t i n u o u s   r e a c t o r ) ,   s t r i p p i n g   o f  

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

A l k y l c y c l o h e x a n e s   a r e   n o t   c u r r e n t l y   m a r k e t e d  

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

e x p e c t e d   to   o f f e r   some  of  t h e   more   d e s i r a b l e   p r o p e r t i e s  
of  P A O ' s   ( i n   p a r t i c u l a r ,   e x c e l l e n t   h i g h   t e m p e r a t u r e  
o x i d a t i o n   s t a b i l i t y )   w i t h   n o n e   of  t h e   d i s a d v a n t a g e s   o f  

t h e   PAO  p r o c e s s i n g   s c h e m e   (BF3  c a t a l y z e d   o l i g o m e r -  
i z a t i o n   t o   y i e l d  a   b r o a d   r a n g e   of   o l i g o m e r s ) .   O n e  

a l k y l b e n z e n e  -   e t h y l h e x a d e c y l b e n z e n e  -   was  c o m p l e t e l y  

h y d r o g e n a t e d   to   i t s   c y c l o h e x a n e   a n a l o g u e .   C o n v e r s i o n  

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

c o s i t y   and  b o i l i n g   p o i n t   (  5°C)  and  a  m i n o r   d e c r e a s e   i n  

VI  (3  u n i t s ,   T a b l e   3 ) .   T h e s e   c h a n g e s   a r e   c o n s i s t e n t  

w i t h   l i t e r a t u r e   t e a c h i n g .   N a p h t h e n i c   o i l s   g e n -  

e r a l l y   e x h i b i t   h i g h e r   v i s c o s i t i e s   t h a n   i s o - p a r a f f i n s ,  

p r e s u m a b l y   b e c a u s e   of   i n t e r - a n n u l a r   i n t e r a c t i o n s .  

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

g e s t s   i t s   o x i d a t i o n   s t a b i l i t y   i s   s u p e r i o r   to   G u l f   4 

c S t / 1 0 0 ° C   PAO. 

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

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

of  o l e f i n s   o b t a i n e d   by  n - p a r a f f i n   d e h y d r o g e n a t i o n .   I n  

o r d e r   to  i n d i c a t e   t h e   q u a l i t y   of   a l k y l a r o m a t i c s   p r e -  

p a r e d   f rom  t h e   r e a d i l y   a v a i l a b l e   a l p h a   o l e f i n s ,   c o m p a r e  
t h e   E t C 1 6   p r e p a r e d   u s i n g   a l p h a   h e x a d e c e n e   w i t h   t h e  

E t C 1 6   r e a c t i o n   p r o d u c t   o b t a i n e d   u s i n g   t h e   r a n d o m i z e d  

o l e f i n   ( E x a m p l e s   1  and   2 ) .   I t   i s   s e e n   t h a t   t h e  

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

s l i g h t l y   h i g h e r   V I .   The  m a j o r   d i f f e r e n c e   b e t w e e n   t h e  

two  s a m p l e s   i s   t h e   h i g h e r   p o u r   p o i n t   of  t h e  @ - o l e f i n  



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

c h a i n   l e n g t h   in  t h e s e   m o l e c u l e s .   I t   s h o u l d   be  r e m e m -  

b e r e d ,   h o w e v e r ,   t h a t   some  r a n d o m i z a t i o n   of  t h e   a l p h a  

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

t i o n   c a t a l y s t .  



In  th i s   pa tent   s p e c i f i c a t i o n ,   the  fo l lowing   c o n v e r s i o n s  

are  u s e d  :  

A  ±  1  ×  1 0 - 1 0 m  

psig  =  6.895  kPa  gauge 
inch  ( " )  =   2.54  cm 

The  co-pending  a p p l i c a t i o n   U.S.  S e r i a l   No.  416092  f i l e d  

Sep t ember   8,  1982  r e f e r r e d   to  h e r e i n   c o r r e s p o n d s   to  our  E u r o p e a n  

pa ten t   a p p l i c a t i o n   N o . 8 3 3 0 5 1 6 6 . 7 .  

The  c o - p e n d i n g   a p p l i c a t i o n   OP-2955,   U.S.  Se r i a l   No. 

603034  r e f e r r e d   to  h e r e i n   co r responds   to  our  E u r o p e a n   p a t e n t   a p p l i -  

c a t i o n   No.  f i l e d   on  or  about   the   same  da t e   as  the  p r e s e n t  

a p p l i c a t i o n   and  e n t i t l e d  :   " A l k y l a t i o n   of  A r o m a t i c   M o l e c u l e s   u s i n g  

Wide  P o r e ,   Amorphous  S i l i c a - A l u m i n a   C a t a l y s t "   ( i n v e n t o r  :   H.  A. 

B o u c h e r ) .  

The  c o - p e n d i n g   a p p l i c a t i o n   OP-2956,   U.S.  Se r i a l   No. 

603033  r e f e r r e d   to  he re in   co r responds   to  our  E u r o p e a n   p a t e n t   a p p l i -  

c a t i o n   No.  f i l e d   on  or  abou t   the  same  date  as  the  p r e s e n t  

a p p l i c a t i o n   and  e n t i t l e d  :   " A l k y l a t i o n   of  Aromat ic   M o l e c u l e s   u s i n g   a 

S i l i c a - A l u m i n a   C a t a l y s t   D e r i v e d   from  Z e o l i t e "   ( i n v e n t o r s :   H.  A. 

Boucher  and  I.  A.  Cody) .  

The  c o - p e n d i n g   a p p l i c a t i o n   A t t o r n e y   Docket  No.  2903,  

U.S.  S e r i a l   No.  603028  r e f e r r e d   to  h e r e i n   c o r r e s p o n d s   to  our  E u r o p e a n  

p a t e n t   a p p l i c a t i o n   No.  f i l e d   on  or  about  the  same  date  as  t h e  

p r e s e n t   a p p l i c a t i o n   and  e n t i t l e d :   " P r o c e s s   for   S e p a r a t i n g   A l k y l -  

a r o m a t i c s   from  A r o m a t i c   S o l v e n t s   and  the  S e p a r a t i o n   of  the  A l k y l -  

a romat i c   Isomers  us ing  Membranes"   ( i n v e n t o r s :   L.  E.  Black  and  H.  A. 

B o u c h e r ) .  



1.  A  s y n t h e t i c   s p e c i a l t y   o i l   or  l u b r i c a t i n g  

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

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

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

l e n g t h s   o n e   a l k y l   g r o u p   c o n t a i n i n g   2  to   4  c a r b o n s   a n d  

t h e   o t h e r   a l k y l   g r o u p   c o n t a i n i n g   14  t o   18  c a r b o n s   a n d  

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

h y d r o c a r b o n   c o n t a i n i n g   a  t o t a l   of   23  to   28  c a r b o n s .  

2.   The  s y n t h e t i c   s p e c i a l t y   o i l   or   l u b r i -  

c a t i n g   o i l   b a s e   s t o c k   or   b a s e   s t o c k   a d d i t i v e   of  C l a i m   1 

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

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

f e r e n t   l e n g t h s ,   o n e   a l k y l   g r o u p   c o n t a i n i n g   2  t o   4 

c a r b o n s ,   and   t h e   o t h e r   a l k y l   g r o u p   c o n t a i n i n g   15  t o   1 7  

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

d i a l k y l   a r o m a t i c   h y d r o c a r b o n   c o n t a i n i n g   a  t o t a l   o f   2 3  

to   28  c a r b o n s .  

3 .   The   s y n t h e t i c   s p e c i a l t y   o i l   or  l u b r i -  

c a t i n g   o i l   b a s e   s t o c k   or   b a s e   s t o c k   a d d i t i v e   of  c l a i m   2 

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

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

d i f f e r e n t   l e n g t h s ,   o n e   a l k y l   g r o u p   c o n t a i n i n g   2  to   4 

c a r b o n s   and   t h e   o t h e r   a l k y l   g r o u p   c o n t a i n i n g   15  t o   1 6  

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

d i a l k y l   a r o m a t i c   h y d r o c a r b o n   c o n t a i n i n g   a  t o t a l   o f   2 3  

to  28  c a r b o n s .  

4.   The  s y n t h e t i c   s p e c i a l t y   o i l   or  l u b r i -  

c a t i n g   o i l   b a s e   s t o c k   or  b a s e   s t o c k   a d d i t i v e   of  c l a i m  

1,   2  or   3  w h e r e i n   t h e   d i a l k y l   a r o m a t i c   h y d r o c a r b o n  

c o n t a i n s   a  t o t a l   of  23  to   26  c a r b o n s .  



5.  The  s y n t h e t i c   s p e c i a l i t y   oil   or  l u b r i c a t i n g  

oil   base  stock  or  base  s tock  a d d i t i v e   of  claim  4  whe re in   the  d i a l k y l  

aromatic   hydrocarbon   con t a in s   a  t o t a l   of  24  c a r b o n s .  

6.  The  s y n t h e t i c   s p e c i a l i t y   o i l   or  l u b r i c a t i n g  

o i l   base  s t o c k   or  base   s t o c k   a d d i t i v e   of  any  one  of  claims  1  to  5 

wherein  the  d i a l k y l   a romat ic   h y d r o c a r b o n   c o m p r i s e s   e t h y l   h e x a d e c y l -  

b e n z e n e .  
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