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©  Process  for  the  selective  hydrogenation  of  fatty  acid  derivatives  and  selectively  hydrogenated  fatty  acid  derivatives. 

A  process  for  selectively  hydrogenating  a  fatty  acid 
derivative,  such  as  a  triglyceride  fat  or  oil,  having  fatty  acid 
moieties  containing  more  than  two  double  bonds  as  well  as 
fatty  acid  moieties  containing  two  double  bonds  comprises 
catalytic  hydrogenation  in  the  presence  of  at  least  1.8  mol  of 
ammonia  per  litre  of  fatty  acid  derivative.  The  high  level  of 
ammonia  present  allows  increased  selectivity  to  occur  such 
that  the  fatty  acid  moieties  containing  more  than  two  double 
bonds  are  highly  selectively  hydrogenated  to  moieties 
containing  a  two  double  bonds.  Depending  on  the  catalyst 
and  derivative  employed  SII  values  of  at  least  10  and 
trans-isomerisation  of  less  than  5  mol%  can  be  derived. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   t h e  

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

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

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

d e r i v a t i v e s   c o n t a i n i n g ,   in  a d d i t i o n   to   f a t t y   a c i d s   h a v i n g  

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

b o n d s .  

An  a r e a   of  m a j o r   c o m m e r c i a l   I m p o r t a n c e   in  w h i c h   s u c h  

f a t t y   a c i d   d e r i v a t i v e s   o c c u r   i s   t h a t   of  f a t s   and  o i l s   w h i c h  

c o n s i s t   m a i n l y   of  a  m i x t u r e   of  t r i g l y c e r i d e   e s t e r s   of  f a t t y  
a c i d s .   The  f a t t y   a c i d s   u s u a l l y   c o n t a i n   a b o u t   16  to   a b o u t  

22  c a r b o n   a t o m s   and  may  be  s a t u r a t e d ,   e . g .   s t e a r i c   a c i d ;  

m o n o - u n s a t u r a t e d ,   e . g .   o l e i c   a c i d ;   d i - u n s a t u r a t e d ,   e . g .  
l i n o l e i c   a c i d ;   or   t r i - u n s a t u r a t e d ,   e . g .   l i n o l e n i c   a c i d   o r  

may  e v e n   be  u n s a t u r a t e d   to  a  g r e a t e r   d e g r e e .  

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

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

l e a s t   p a r t l y   t h e   u n s a t u r a t i o n   p r e s e n t   so  as  to  o b t a i n  

h y d r o g e n a t e d   o i l   h a v i n g   the   d e s i r e d   p r o p e r t i e s ,   such   as  a  

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

D u r i n g   t he   h y d r o g e n a t i o n   a  n u m b e r   of  r e a c t i o n s   t a k e  

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



e x a m p l e ,   in  t h e   h y d r o g e n a t i o n   of  an  o i l   c o n t a i n i n g  

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

r e p r e s e n t e d   by  t he   f o l l o w i n g   s i m p l i f i e d   s c h e m e :  

l i n o l e n i c   a c i d @ K 1   l i n o l e i c   a c i d  @   K2  o l e i c   a c i d  
@ K 3   s t e a r i c   a c i d ,  

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

K1,  K2,  e t c .   In  a d d i t i o n   s i d e   r e a c t i o n s   o c c u r ,   s u c h  

as  d i s p l a c e m e n t   and  i s o m e r i s a t i o n   of  d o u b l e   b o n d s .  

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

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

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

p o i n t .   O i l s   and  f a t s   w h i c h   h a v e   a  h i g h   c o n t e n t   of  s t e a r i c  

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

h i g h   to  be  o r g a n o l e p t i c a l l y   a c c e p t a b l e .   F o r m e r l y   i t   w a s  

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

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

t h a t   a  h i g h   c o n t e n t   o f  t r a n s - o l e i c   a c i d   was  s t i l l   o b t a i n e d ,  

so  t h a t   t h e   o i l  h a d   the   d e s i r e d   m e l t i n g   p o i n t .   N o w a d a y s  

i t . i s   c o n s i d e r e d   l e s s   d e s i r a b l e   to   a p p l y   c i s - t r a n s  

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

t h o u g h   s t a b l e ,   o i l s ,   w h i c h   can   be  u s e d   as  s u c h   o r   can   s e r v e  

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

t h e   r e f r i g e r a t o r .  

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

a r e   u s u a l l y   d e f i n e d   as  f o l l o w s :  

When  t h e  S I   v a l u e  o f   t h e   r e a c t i o n   is   h i g h ,   s m a l l  

a m o u n t s   of  s a t u r a t e d   a c i d s   a r e   o b t a i n e d .   W i t h   a  h i g h  

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



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

a c i d   l i n o l e i c   a c i d .   An  i s o m e r i s a t i o n - s e l e c t i v i t y   v a l u e ,  

a b b r e v i a t e d   to   S i I   i n d i c a t e s   t h e   a m o u n t   of  t r a n s - i s o m e r s  

f o r m e d   in  r e l a t i o n   to  t he   d e g r e e   of  h y d r o g e n a t i o n .   As  

h a s   a l r a d y   b e e n   o b s e r v e d ,   i t   i s   now  d e s i r a b l e   t h a t   t h e  

h y d r o g e n a t i o n   be  i n f l u e n c e d   in  s u c h   a  way  t h a t   t h e   S i 
v a l u e   is   as  low  as  p o s s i b l e .  

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

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

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

r e a c t i o n   p r e f e r e n t i a l l y   o c c u r s   and  t h a t   o n l y   a  min imum  o f  

i s o m e r i s a t i o n   t a k e s   p l a c e .  

A  c a t a l y t i c   p r o c e s s   w h i c h   a ims   to   h y d r o g e n a t e  

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

d o u b l e   b o n d s   w i t h   a  min imum  of  i s o m e r i s a t i o n   is   d i s c l o s e d  

in  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.  0  021  528.   I n  

E P - A - 0 0 2 1 5 2 8   t h e   s e l e c t i v e   h y d r o g e n a t i o n   of  t r i g l y c e r i d e  

o i l s   s u c h   as  s o y a   bean   o i l ,   r a p e s e e d   o i l ,   l i n s e e d   o i l   a n d  

f i s h   o i l s   is   d e s c r i b e d   in  w h i c h   f a t t y   a c i d s   h a v i n g   m o r e  

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

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

two  d o u b l e   b o n d s ,   s o - c a l l e d   e s s e n t i a l   f a t t y   a c i d s ,  w h o s e  

c o n t e n t   in  t h e   o i l   r e m a i n s   h i g h .   In  a d d i t i o n  

i s o m e r i s a t i o n   to  t h e   t r a n s   fo rm  of  n a t u r a l l y   o c c u r r i n g  

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

t h a t   s t a b l e   l i q u i d   o i l s   can  be  o b t a i n e d   w h i c h   can  be  u s e d  

as  s u c h   or   can   be  u s e d   in  m a r g a r i n e s   t h a t   r e m a i n   s o f t   a t  

r e f r i g e r a t o r   t e m p e r a t u r e s .   A  s e l e c t i v i t y   S I I   of  a t   m o s t  

a b o u t   10  i s   c l a i m e d   f o r   t he   p r o c e s s   d e s c r i b e d   i n  

E P - A - 0 0 2 1 5 2 8 ,   w h i c h   c o m p r i s e s   h y d r o g e n a t i n g   a t   a  

t e m p e r a t u r e   of  f rom  - 2 0 ° C   to  100°C  in  t h e   p r e s e n c e   of  a  

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

w h i c h   has   b e e n   t r e a t e d   w i t h   d ry   a m m o n i a   in  a  m o l a r   r a t i o   o f  

ammon ia   to  c a t a l y t i c a l l y   a c t i v e   m e t a l   of  a t   l e a s t   1 0 0 : 1 .  

I t   is  s t a t e d   t h a t   w i t h   i n c r e a s i n g   l e v e l s   of  a m m o n i a  

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



d e c r e a s e s   and  t h a t   when  t h e   m o l e  r a t i o s   of  a m m o n i a   t o  

c a t a l y t i c a l l y   a c t i v e   m e t a l   a r e   h i g h e r   t h a n   2 0 0 0 : 1   n o  

f u r t h e r   i n c r e a s e   in  s e l e c t i v i t y   i s   a c h i e v e d .  

A c c o r d i n g   to  a  f i r s t   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

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

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

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

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

of  f rom  - 2 0 ° C   to  100°C  in  t h e   p r e s e n c e   of  a m m o n i a   and  a  

c a t a l y s t   c o m p r i s i n g ' a t   l e a s t   one  member   s e l e c t e d   f rom  t h e  

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

r h o d i u m   c h a r a c t e r i s t e d   in  t h a t   ammonia   is   p r e s e n t   a t   a  

l e v e l   of  a t   l e a s t   1 .8   m o l / 1   w i t h   r e s p e c t   to  t h e   s a i d   f a t t y  

a c i d   d e r i v a t i v e .  

I t   i s   to  be  u n d e r s t o o d   t h a t   t he   p r e s e n t   i n v e n t i o n  

e x t e n d s   to   t h e   f a t t y   a c i d   d e r i v a t i v e s   so  h y d r o g e n a t e d   a n d  

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

a c i d   d e r i v a t i v e s .  

We  h a v e   now  d i s c o v e r e d   t h a t   as  t he   a m o u n t   of  a m m o n i a  

is   i n c r e a s e d   a b o v e   t h e   maximum  l e v e l   d e s c r i b e d   i n  

E P - A - 0 0 2 1 5 2 8   t h e   s e l e c t i v i t y   S I I   v a l u e   c o n t i n u e s   to  r i s e .  

The  a c t u a l   S I I   v a l u e   a c h i e v e d   in  a  p a r t i c u l a r   c a s e  

d e p e n d s   on  t he   f a t t y   a c i d   d e r i v a t i v e ,   t he   c a t a l y s t   and  t h e  

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

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

of  a b o v e   a b o u t   10  can   u s u a l l y   be  a c h i e v e d .   In  s o m e  

i n s t a n c e s   e v e n   S I I   v a l u e s   of  more  t h a n   1 4  h a v e   b e e n   f o u n d  

a t   an  ammonia   c o n c e n t r a t i o n   of  4  m o l / 1   w i t h   r e s p e c t   to  t h e  

f a t t y   a c i d   d e r i v a t i v e .   T h e - s e l e c t i v i t y   of  p l a t i n u m   as  a  

c a t a l y s t   i s   in  g e n e r a l   known  to  be  l e s s   t h a n   t h a t   o f  

p a l l a d i u m .   H o w e v e r   by  means   of  t he   p r e s e n t   p r o c e s s   t h e  

S I I  v a l u e   i s   n o n e t h e l e s s   i n c r e a s e d   even   when  p l a t i n u m   i s  

e m p l o y e d .   We  h a v e   a l s o   f o u n d   t h a t   t he   a m o u n t  o f   a m m o n i a  

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

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



s e l e c t i v i t y   S I I ,   t h a n   when  m e a s u r e d   w i t h   r e s p e c t   to  t h e  

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

The  p r e s e n t   i n v e n t i o n   can  t h u s   p r o v i d e   a  p r o c e s s   t h a t  

i s   e a s y   to  p e r f o r m   and  t h a t   e m p l o y s   as  a  raw  m a t e r i a l   d r y  

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

c h e a p ,   b u t   w h i c h   can  a l s o   be  r e m o v e d   r e a d i l y   f rom  t h e  

h y d r o g e n a t e d   f a t t y   a c i d   d e r i v a t i v e .  

As  in  t h e   p r o c e s s   d e s c r i b e d   in  E P - A - 0 0 2 1 5 2 8   t h e  

p r e s e n t   p r o c e s s   can  r e d u c e   t he   f o r m a t i o n   of  t r a n s - i s o m e r s  

to   a  l o w  l e v e l .   U n l i k e   t h e   p r o c e s s   d e s c r i b e d   i n  

E P - A - 0 0 2 1 5 2 8   h o w e v e r   t he   p r e s e n t   p r o c e s s   can   in  a d d i t i o n  

g i v e   f u r t h e r   i n c r e a s e s   in  S I I   v a l u e s .  

A c c o r d i n g   to  a  s e c o n d   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

t h e r e   is   p r o v i d e d   a  f a t t y   a c i d   d e r i v a t i v e   w h i c h   has   b e e n  

p r e p a r e d   by  h y d r o g e n a t i o n   c h a r a c t e r i s e d   in  t h a t   t he   f a t t y  

a c i d   d e r i v a t i v e   has   a n  S I I   v a l u e   ( as   h e r e i n b e f o r e  

d e f i n e d )   of  a t   l e a s t   1 0 .  

P r e f e r a b l y   t h e   f a t t y   a c i d  d e r i v a t i v e   has   in  a d d i t i o n   a  

t r a n s   i s o m e r i s a t i o n   c o n t e n t   of  l e s s   t h a n   10  mol  %.  T h e  

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

and   t h e   r e a c t i o n   c o n d i t i o n s   e m p l o y e d .   For   e x a m p l e   w h e r e  

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

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

as  f o r   i n s t a n c e   in  l i n s e e d   o i l   t he   o p p o r t u n i t y   f o r  

t r a n s - i s o m e r i s a t i o n   to  o c c u r   is   g r e a t e r   and  g r e a t e r  

i s o m e r i s a t i o n   may  o c c u r .   P r e f e r a b l y   h o w e v e r   t he   f a t t y  

a c i d   d e r i v a t i v e   has   a  t r a n s - i s o m e r i s a t i o n   c o n t e n t   of  l e s s  

t h a n   5  mol  %.  M o r e o v e r   t h e   f a t t y   a c i d   d e r i v a t i v e  

p r e f e r a b l y   h a s   a  S I I   v a l u e   of  a t   l e a s t   14  to  1 5 .  

In  c a r r y i n g   o u t   t he   p r e s e n t   p r o c e s s   t he   a m o u n t   o f  

a m m o n i a   p r e s e n t   is  p r e f e r a b l y   a t   l e a s t   2 .5   m o l / l   w i t h  

r e s p e c t   to  t h e   f a t t y   a c i d   d e r i v a t i v e   e m p l o y e d .   A 

p r e f e r r e d   u p p e r   l i m i t   f o r   t he   ammonia   c o n c e n t r a t i o n   is  8 

m o l / 1   w i t h   r e s p e c t   to  t h e  f a t t y   a c i d   d e r i v a t i v e   e m p l o y e d .  

More  p r e f e r a b l y   n o t   more  t h a n   4  m o l / 1   is   e m p l o y e d .  



As  c a t a l y t i c a l l y   a c t i v e   m e t a l s ,   of  w h i c h   Pd  and  Pt  a r e  

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

u s e d .   Such  c a t a l y t i c a l l y   a c t i v e   m e t a l s   can   c o n t a i n  

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

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

c o n c e r n e d ,   s u c h   as  Cu,  Ag,  Au,  Zn,  Sn,  Zr ,   Hf,   V,  Nb,  T a ,  

C r ,   Mo,  W  or   Mn.  

The  c a t a l y s t   can  be  u s e d   in  t h e   fo rm  of  a  p o r o u s  

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

o b t a i n e d   by  r e d u c t i o n   of  a  s o l u b l e   compound   of  t h e   m e t a l  

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

c o n s t i t u e n t   can   a l t e r n a t i v e l y   be  s u p p l i e d   on  a  c a r r i e r .  

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

o x i d e ,   a l u m i n i u m   o x i d e ,   k i e s e l g u h r   and  an  i o n - e x c h a n g i n g  

r e s i n .  

T h e  a m o u n t   of  c a t a l y t i c a l l y   a c t i v e   m e t a l   w h i c h   i s  

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

f r o m   a b o u t   1  mg /kg   to   a b o u t   10  g / k g ,   p r e f e r a b l y   f r o m   35  

m g / k g   to   l g / k g ,   c a l c u l a t e d   on  t h e   b a s i s   of  t h e   m e t a l  

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

The  o p t i m u m   a m o u n t   d e p e n d s   i n t e r   a l i a   on  t h e   f o r m   of  t h e  

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

c a r r i e r   or  n o t ,   on  t he   u n s u p p o r t e d   s u r f a c e   a r e a   of  t h e  

c a t a l y s t ,   on  t h e   c a t a l y t i c   a c t i v i t y   of  t he   m e t a l   t h a t   i s  

u s e d   and  on  t h e   amoun t   of  a m m o n i a   t h a t   is   to   be  a d d e d .  

C o n v e r s e l y   the   a c t i v i t y ,   s e l e c t i v i t y   and  t h e   f o r m a t i o n  

of   t r a n s - i s o m e r s   t h a t   a r e   e f f e c t e d   in  t he   h y d r o g e n a t i o n  

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

d e p e n d   on  t h e   a m o u n t   and  t h e   t y p e   of  c a t a l y s t .   I n  

a d d i t i o n   t h e   q u a l i t y   of  t h e   f a t t y   a c i d   d e r i v a t i v e   and  a n y  

p r i o r   t r e a t m e n t   i t   may  h a v e   had  can  i n f l u e n c e   t h e  

h y d r o g e n a t i o n   c h a r a c t e r i s t i c s   of   t he   v a r i o u s   a m o u n t s   o f  

a m m o n i a   a d d e d .  

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

i n v e n t i o n ,   t h e   compound   to   be  h y d r o g e n a t e d   c a n  



be  d i s s o l v e d   or   d i s p e r s e d . i n   an  o r g a n i c   l i q u i d   s u c h   a s  

h y d r o c a r b o n ,   f o r   i n s t a n c e   h e x a n e ,   or   a  k e t o n e .   G o o d  

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

t h a t   c a s e   a l c o h o l y s i s   or  in  t h e   c a s e   of  o i l s   and  f a t s  

i n t e r e s t e r i f i c a t i o n   may  t a k e   p l a c e ;   c o n s e q u e n t l y ,   w h e n  

a l c o h o l y s i s   or   i n t e r e s t e r i f i c a t i o n   is   d e s i r e d ,   a l c o h o l s   c a n  

be  u s e d .  

The  r a t i o   of  o r g a n i c   l i q u i d   to  f a t t y   a c i d   d e r i v a t i v e  

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

2 0 : 1 .   The  h y d r o g e n a t i o n   can  a l t e r n a t i v e l y   be  c a r r i e d   o u t  

on  t h e   f a t t y   a c i d   d e r i v a t i v e   in  t h e   a b s e n c e   of  an  a d d e d  
s o l v e n t   or   t h e   l i k e .  

In  g e n e r a l   t he   h y d r o g e n a t i o n   can   be  c a r r i e d   o u t   in  a n y  
s u i t a b l e   a p p a r a t u s   s u c h   as  a  r e a c t i o n   v e s s e l   w i t h   a  

s t i r r e r ,   or   when  done   c o n t i n u o u s l y   in  a  s e r i e s   of  r e a c t i o n  

v e s s e l s   w i t h   s t i r r e r s .   Good  r e s u l t s   can  a l s o   be  o b t a i n e d  

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

p a r t i c l e s .  

P r e f e r a b l y   t he   p r o c e s s   is  p e r f o r m e d   so  t h a t   t h e  

c a t a l y s t   i s   p r e - t r e a t e d   w i t h   d r y   ammonia   b e f o r e  

h y d r o g e n a t i o n   c o m m e n c e s .   I f   d e s i r e d   l i q u i d   ammonia   can   b e  

e m p l o y e d .   P r e f e r a b l y   h o w e v e r   t h e   h y d r o g e n a t i o n   is   c a r r i e d  

o u t   by  s u s p e n d i n g   t he   c a t a l y s t   in  t h e   f a t t y   a c i d   d e r i v a t i v e  

to  be  h y d r o g e n a t e d   or  a  s o l u t i o n   or   s u s p e n s i o n   t h e r e o f   a n d  

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

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

r e a c h e d ,   a f t e r   w h i c h   the   h y d r o g e n a t i o n   is   s t a r t e d   b y  

i n t r o d u c i n g   h y d r o g e n .   I f   d e s i r e d ,   t he   h y d r o g e n   s u p p l i e d  

can   c o n t a i n   s t i l l   more  a m m o n i a .  

The  t e m p e r a t u r e   a t   w h i c h   t h e   h y d r o g e n a t i o n   is  c a r r i e d  

o u t   s h o u l d   n o t   e x c e e d   1 0 0 ° C .   Good  r e s u l t s   w i t h   a c t i v e  

c a t a l y s t s   can   be  o b t a i n e d   a t   t e m p e r a t u r e s   f rom  - 2 0 ° C .  

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

t e m p e r a t u r e   of  f rom  10°C  to  6 0 ° C .  

The  r e a c t i o n   can  be  c a r r i e d   o u t   u n d e r   a t m o s p h e r i c  



p r e s s u r e   or   a t   a  h i g h e r   p r e s s u r e .   P r e f e r a b l y   t h e   p r e s s u r e  

w i l l   v a r y   f rom  100  to  2500  k P a .   N a t u r a l l y ,   i f   i t   i s  

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

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

s h o u l d   be  a p p l i e d .  

The  p r o c e s s   can   be  c o n t r o l l e d   in  a  known  m a n n e r ,   f o r  

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

c a l c u l a t e d   a m o u n t   of  h y d r o g e n   h a s   been   a b s o r b e d .   C a t a l y s t  

and  a m m o n i a   r e m o v a l   can  be  p e r f o r m e d   in  a  c o n v e n t i o n a l  

m a n n e r .  

E x a m p l e s   of  f a t t y   a c i d   d e r i v a t i v e s   t h a t   can   b e  

h y d r o g e n a t e d   by  means   of  t h e   p r e s e n t   p r o c e s s   i n c l u d e :  

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

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

f a t s ,   p a l m   o i l ;   f a t t y   a c i d   e s t e r s ,   s u c h   as  t he   m e t h y l - ,  

e t h y l -   and  o t h e r   a l k y l   e s t e r s ;   s o a p s ;   and  a l c o h o l s .  

The  h y d r o g e n a t e d   p r o d u c t s   can  be  u sed   as  f r y i n g   o i l s ,  

t a b l e   o i l s ,   as  raw  m a t e r i a l   f o r   m a r g a r i n e   or   as  r a w  

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

s o a p s ,   e s t e r s ,   e t c .   C o n v e n t i o n a l   t e c h n i q u e s   can   b e  

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

E m b o d i m e n t s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   o n l y   w i t h   r e f e r e n c e   to  t h e  

f o l l o w i n g   w o r k e d   E x a m p l e s .  

In   some  of   t he   E x a m p l e s   t h e   sum  of  t he   a m o u n t   o f  

c o m p o n e n t s   i s   l e s s   t h a n   100%,  as  l e s s   i m p o r t a n t   f a t t y   a c i d  

c o m p o n e n t s   s u c h   as  C 1 4 - ,   C 1 7 - '   C20-   and  C22  f a t t y  

a c i d s   h a v e   n o t   been   m e n t i o n e d .   The  c o m p o s i t i o n   of  t h e  

s u b s t r a t e s   b e f o r e   and  a f t e r   h y d r o g e n a t i o n   i s   g i v e n   in  m o l . % .  

O t h e r   p e r c e n t a g e s   have   b e e n   c a l c u l a t e d   by  w e i g h t .  

In  t h e   T a b l e s   t he   f a t t y   a c i d s   have   b e e n   i n d i c a t e d   b y  

t h e   n u m b e r   of  c a r b o n   a t o m s   p r e s e n t   t h e r e i n   and  t h e   n u m b e r  

of  d o u b l e   b o n d s ,   i . e .   C 1 8 : 3   m e a n s   l i n o l e n i c   a c i d   a n d  

i s o m e r s ,   C 1 8 : 2   l i n o l e i c   a c i d   and  i s o m e r s ,   e t c .  



EXAMPLE  1 

H y d r o g e n a t i o n s   w e r e   c a r r i e d   o u t   in  an  a u t o c l a v e   w i t h   a  

v o l u m e   of  1  dm3  and  p r o v i d e d   w i t h   a  h e a t i n g   c o i l ,   t h r o u g h  

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

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

m a n o m e t e r .  

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

t e m p e r a t u r e   of  25°C  and  u n d e r   a  p r e s s u r e   up  to   1200  k P a ,  

t h e   p a r t i a l   p r e s s u r e   of  h y d r o g e n   of  w h i c h   a m o u n t e d   to  2 0 0  

k P a .   I n  e a c h   e x p e r i m e n t   t h e   a u t o c l a v e   was  c h a r g e d   w i t h  

100  mg  of  p a l l a d i u m   p e r   kg  of  o i l   of  a  5%  Pd/C  (5%  o f  

p a l l a d i u m   on  a  c a r b o n   c a r r i e r )   c a t a l y s t ,   250  ml  of  s o y a  
b e a n   o i l   and  250  ml  of  h e x a n e .   The  r e a c t o r   was  d e g a s s e d  

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

d i f f e r e n t   a m o u n t s   of  a m m o n i a c a l   gas   ( s e e   c o l u m n   I  of  T a b l e  

I ) .   T h e r e a f t e r   t h e   r e a c t o r   was  c h a r g e   w i t h   h y d r o g e n   a n d  

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

to   1200  k P a .   The  c o u r s e   of  t h e   h y d r o g e n a t i o n   w a s  
f o l l o w e d   on  t he   b a s i s   of  t h e   i n t a k e   of  h y d r o g e n   a s  

i n d i c a t e d   by  t he   m a n o m e t e r .   At  c e r t a i n   i n t e r v a l s   s a m p l e s  

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

t r a n s - i s o m e r   c o n t e n t   as  i n d i c a t e d   in  T a b l e   I .  





EXAMPLE  2 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d ,   d u r i n g   w h i c h  

975  mmol  of  ammonia   w e r e   a d d e d   and  the   p a r t i a l   p r e s s u r e   o f  

h y d r o g e n   was  i n c r e a s e d   to   1300  k P a .  

The  r e s u l t s   a r e   g i v e n   in  T a b l e   I I .  





EXAMPLE  3 

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

p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   I ,   b u t   a t   a  t e m p e r a t u r e   o f  

25°C  and  u n d e r   a  p r e s s u r e   of  1050  kPa .   The  a u t o c l a v e   w a s  

c h a r g e d   w i t h   200  mg  p a l l a d i u m   p e r   kg  of  o i l   as  a  5%  P d / C  

c a t a l y s t ,   250  ml  l i n s e e d   o i l   and  250  ml  h e x a n e .  

The  a d d e d   ammonia   a m o u n t e d   975  m m o l .  

The  r e s u l t s   a r e   g i v e n   in  T a b l e   I I I .  

The  r e l a t i v e l y   h i g h   t r a n s - i s o m e r i s a t i o n   c o n t e n t   a r i s e s  

f r o m   t h e   h i g h   C18 :3   c o n t e n t   in  u n h y d r o g e n a t e d   l i n s e e d   o i l .  

EXAMPLE  4 

The  p r o c e d u r e   of  E x a m p l e   I  was  r e p e a t e d   w i t h   t h e  

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

t e m p e r a t u r e   e m p l o y e d   was  35°C  and  the   p r e s s u r e   was  900  k P a .  

The  a u t o c l a v e   was  c h a r g e d   w i t h   150  mg  p l a t i n u m   p e r   kg  o f  

o i l   as  a  5%  P t / C   c a t a l y s t   and  500  ml  s o y a b e a n   o i l .   No 

o r g a n i c   l i q u i d   was  a d d e d .  

The  a d d e d   ammonia   a m o u n t e d   to  1050  m m o l .  

The  r e s u l t s   a r e   g i v e n   in  T a b l e   I V .  



The  r e l a t i v e l y   low  S I I   v a l u e   is  due  to   t h e   use   of  a  

Pt  c a t a   l y s t .   The  S I I   v a l u e   o b t a i n e d   i s   h o w e v e r  

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

e x p e r i m e n t   in  w h i c h   a  l o w e r   a m o u n t  o f   a m m o n i a   was  e m p l o y e d .  

As  a  c o m p a r a t i v e   e x a m p l e ,   E x a m p l e   7  f r o m  

E P - A - 0 0 2 1 5 2 8   i s   r e p r o d u c e d   b e l o w .  

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

a  p r e s s u r e   of  up  to   1000  kPa  u s i n g   p l a t i n u m   as  a  c a t a l y s t  

a t   20°C  in  an  a u t o c l a v e   of  0 .3   dm3  v o l u m e ,   w h i c h   w a s  

p r o v i d e d   w i t h   an  i n l e t   f o r   g a s e s ,  a   m a n o m e t e r ,   a  s t i r r e r  

and  a  s a m p l i n g   d e v i c e .  

The  r e a c t o r   was  c h a r g e d   w i t h   200  mg  of  a  5% 

p l a t i n u m - o n - c a r b o n   c a t a l y s t ,   25  ml  s o y a b e a n   o i l   and  75  m l  

h e x a n e .   The  a u t o c l a v e   was  d e g a s s e d   two  or   t h r e e   t i m e s ,  

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

The  r e a c t o r   was  s u b s e q u e n t l y   c h a r g e d   w i t h   h y d r o g e n .  

The  p r o g r e s s   of  t h e   h y d r o g e n a t i o n   was  f o l l o w e d   on  t h e   b a s i s  

of  t he   h y d r o g e n   u p t a k e   as  i n d i c a t e d   by  t h e   m a n o m e t e r .   A t  

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

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

r e s u l t s   a r e   g i v e n   in  T a b l e   I V a .  



EXAMPLE  5 

Soya   bean   o i l   was  h y d r o g e n a t e d   to  a  C18 :3   c o n t e n t   o f  

1%  to   o b t a i n   an  o i l   w i t h   good   f r y i n g   p r o p e r t i e s .   T h e  

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

d e s c r i b e d   in  E x a m p l e   1,  b u t   a t   a  t e m p e r a t u r e   of  35°C  a n d  

u n d e r   a  p r e s s u r e   of  1050  k P a .   An  a u t o c l a v e   w i t h   a  v o l u m e  

of  2  dm3  was  c h a r g e d   w i t h   75  mg  p a l l a d i u m   p e r   kg  of   o i l  

a t   a  5%  Pd/C  c a t a l y s t   and  1000  ml  s o y a   bean   o i l .   No 

o r g a n i c   l i q u i d   was  a d d e d .  

The  a d d e d   ammonia   a m o u n t e d   to   1800  m m o l .  

The  r e s u l t s   a r e   g i v e n   in  T a b l e   V. 



1.  A  p r o c e s s   f o r   t he   s e l e c t i v e   h y d r o g e n a t i o n   o f  

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

a c i d   m o i e t i e s   h a v i n g   more  t h a n   two  d o u b l e   b o n d s   and  f a t t y  

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

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

- 2 0 ° C   to  100°C  in  t he   p r e s e n c e   of  a m m o n i a   and  a  c a t a l y s t  

c o m p r i s i n g   a t   l e a s t   one  member   s e l e c t e d   f rom  t h e   g r o u p  

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

c h a r a c t e r i s e d   in  t h a t   ammonia   i s   p r e s e n t   a t   a  l e v e l   of  a t  
l e a s t  1 . 8   m o l / l   w i t h   r e s p e c t   to   t h e   s a i d   f a t t y   a c i d  

d e r i v a t i v e .  

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

p r e s e n t   a t   a  l e v e l   of  a t   l e a s t   2 . 5   m o l / 1   w i t h   r e s p e c t   t o  

t h e   f a t t y   a c i d   d e r i v a t i v e .  

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

ammon ia   i s   p r e s e n t   a t   a  l e v e l   o f   n o t   more  t h a n   8  m o l / l   w i t h  

r e s p e c t   to  t h e   f a t t y   a c i d   d e r i v a t i v e .  

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3  w h e r e i n   t he   a m m o n i a   i s  

p r e s e n t   a t   a  l e v e l   of  n o t   more  t h a n   4  m o l / l   w i t h   r e s p e c t   t o  

t h e   f a t t y   a c i d   d e r i v a t i v e .  

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

w h e r e i n   t h e   c a t a l y s t   is   p r e t r e a t e d   w i t h   ammonia   p r i o r   t o  

t h e   c o m m e n c e m e n t   of   t he   h y d r o g e n a t i o n   r e a c t i o n .  

6.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g   c l a i m s  

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

d i s s o l v e d   or   d i s p e r s e d   in  an  o r g a n i c   l i q u i d .  



7.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s  

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

10°C  to  6 0 ° C .  

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

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

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

s u s p e n s i o n   t h e r e o f ,   and  s u b s e q u e n t l y   h y d r o g e n   i s  

i n t r o d u c e d .  

9.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   8  w h e r e i n   f u r t h e r   a m m o n i a  

is  i n t r o d u c e d   d u r i n g   t h e   h y d r o g e n a t i o n .  

10.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g   c l a i m s  

w h e r e i n   t h e   s a i d   f a t t y   a c i d   d e r i v a t i v e   is   an  e d i b l e  

t r i g l y c e r i d e   o i l .  

11.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g   c l a i m s  

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

r e a c t i o n   m i x t u r e .  

12.  A  f a t t y   a c i d   d e r i v a t i v e   p r e p a r e d   a c c o r d i n g   to  t h e  

p r o c e s s   of  c l a i m   1 1 .  

13.  A  f a t t y   a c i d   d e r i v a t i v e   p r e p a r e d   by  h y d r o g e n a t i o n  

c h a r a c t e r i s e d   in  t h a t   t he   f a t t y   a c i d   d e r i v a t i v e   has   a n  

S   v a l u e   ( as   h e r e i n   d e f i n e d )   of  a t   l e a s t   1 0 .  

14.  A  f a t t y   a c i d   d e r i v a t i v e   a c c o r d i n g   to  c l a i m   13  h a v i n g  

an  S I I   v a l u e   of  a t   l e a s t   1 4 .  

15.  A  f a t t y   a c i d   d e r i v a t i v e   a c c o r d i n g   to  c l a i m   13  or  c l a i m  

14  h a v i n g   a  t r a n s - i s o m e r i s a t i o n   c o n t e n t   of  l e s s   t h a n   10 

mol  %. 



16.  A  f a t t y   a c i d   d e r i v a t i v e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s  

12  to   15  w h e r e i n   t he   f a t t y   a c i d   d e r i v a t i v e   is  an  e d i b l e  

t r i g l y c e r i d e   f a t   o r   o i l .  

17.  F o o d s t u f f   i n c o r p o r a t i n g   an  e d i b l e   t r i g l y c e r i d e   f a t   o r  

o i l   a c c o r d i n g   to  c l a i m   1 6 .  
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