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A  process  for  the  manufacture  of  chlorinated  aromatic 
amines  comprises  catalytically  hydrogenating  the  corres- 
ponding  molten  nitro  compound  in  the  presence  ofthiophene 
as  a  dechlorination  inhibitor. 



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  t h e   p r o d u c t i o n   o f  

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

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

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

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

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

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

of   t h e   c o r r e s p o n d i n g   n i t r o   c o m p o u n d .   H o w e v e r ,   i n   t h e  

n o r m a l   c o u r s e   of   t h i s   r e a c t i o n ,   some  d e c h l o r i n a t i o n   a l s o  

o c c u r s .   A t t e m p t s   h a v e   b e e n   made  to  r e d u c e   t h i s  

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

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

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

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

v a r i o u s   s o l v e n t s .  

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

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

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

as  d e c h l o r i n a t i o n   i n h i b i t o r .   T h i s   g i v e s   much  g r e a t e r  

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

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

I t   c an   be  e a s i l y   s e p a r a t e d   f r o m   t h e   r e s u l t i n g   a q u e o u s  

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

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

i n c l u d i n g   t h e   w a t e r   c an   be  u s e d   i n t a c t ,   e . g .   to  b e  

d i a z o t i s e d   p r i o r   to  c o u p l i n g .  



A c c o r d i n g l y ,   t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s  

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

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

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

d e c h l o r i n a t i o n   i n h i b i t o r .  

The  c a t a l y s t   may  be  any  t h a t   i s   known  f o r   c a r r y i n g  

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

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

u se   p l a t i n u m   on  c h a r c o a l   as  t he   c a t a l y s t ,   in   s u i t a b l e  

c a t a l y t i c   a m o u n t s .   I t   i s   p o s s i b l e   to  u se   a l r e a d y  

d e a c t i v a t e d   c a t a l y s t s   as  w e l l ,   i f   d e s i r e d ,   s u c h   a s  

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

may  be  v a r i e d   o v e r   a  w ide   r a n g e   and  may  be  f rom  0 .005%  t o  

0 .1%,   b a s e d   on  the   w e i g h t   of   t he   n i t r o   c o m p o u n d .   We 

p r e f e r   to  u s e   a b o u t   0 . 0 1 % .  

The  a m o u n t   of   t h i o p h e n e   u s e d   may  be  f rom  25%  to  300%  b y  

w e i g h t   of   t h e   c a t a l y s t   ( p u r e   100%  m e t a l ) ,   b u t   p r e f e r a b l y  

f r o m   100  to  250%.  I f   too  much  t h i o p h e n e   i s   u s e d ,   i t  

w i l l   p o i s o n   t h e   c a t a l y s t   too   much,   and  t h i s   has   t he   e f f e c t  

of   s l o w i n g   or   e v e n   s t o p p i n g   t he   h y d r o g e n a t i o n .   I f   t o o  

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

of   t he   d e c h l o r i n a t i o n .  

A l t h o u g h   the   p r o c e s s   of   t he   i n v e n t i o n   i s   v e r y   e f f e c t i v e  

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

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

h y d r o c h l o r i c   a c i d   i n   t he   r e a c t o r .   In  o r d e r   to  a v o i d  

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

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



so  as  to  m a i n t a i n   a  r e a c t i o n   pH  of   7 . 0  -   9 . 0 .   For   e x a m p l e ,  

a  c a r b o n a t e   or   b i c a r b o n a t e   of   an  a l k a l i   m e t a l   may  be  a d d e d  

i n   a m o u n t s   of   up  to  5%  by  w e i g h t .   P r e f e r a b l y ,   a b o u t  

0 . 1  -   1.0%  of   s o d i u m   c a r b o n a t e   o r  b i c a r b o n a t e   i s   a d d e d .  

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

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

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

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

i f   d e s i r e d .  

The  r e a c t i o n   may  be  c a r r i e d   o u t   u n d e r   e l e v a t e d  

p r e s s u r e   w h i c h   may  be  f r o m   15  to  1400  p s i ,   p r e f e r a b l y   f r o m  

70  to  420  p s i .  

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

h y d r o g e n   c e a s e s ,   w h i c h   may  t a k e   f r o m   11 2  to  10  h o u r s .   T h e  

t i m e   t a k e n   i s   d e p e n d e n t   on  t h e   t e m p e r a t u r e   and  p r e s s u r e  

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

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

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

n o z z l e   h i g h   c i r c u l a t i o n   r e a c t o r ,   s u c h   as  a  Buss   l o o p  

r e a c t o r .   Such   a  l o o p   r e a c t o r   n o r m a l l y   r e n d e r s   an  e n h a n c e d  

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

and  c o o l i n g   of   t h e   e x o t h e r m i c   r e a c t i o n .   A f t e r   u p t a k e   o f  

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

c o n d i t i o n s   f o r   an  a d d i t i o n a l   t i m e ,   e . g .   up  to  30  m i n u t e s ,  

p r e f e r a b l y   a b o u t   15  m i n u t e s  t o   e n s u r e   t h a t   t h e   r e a c t i o n   i s  

c o m p l e t e .  



B e f o r e   t he   h y d r o g e n a t i o n   i s   s t a r t e d ,   the   r e a c t o r  

s h o u l d   be  p u r g e d   to  r e m o v e   o x y g e n .   The  p u r g i n g   can  b e  

c a r r i e d   ou t   u s i n g   an  i n e r t   gass,  s u c h   as  n i t r o g e n   o r ,  

p r e f e r a b l y ,   h y d r o g e n .  

The  p r o c e s s   of   t he   i n v e n t i o n   can   be  a p p l i e d   to  v a r i o u s  

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

e x a m p l e ,   2 - c h l o r o - 4 - n i t r o - a n i l i n e ,   2 - c h l o r o - 4 - n i t r o t o l u a n e ,  

2 , 5 - d i e h l o r n i t r o b e n z e n e ,   2 , 4 - d i c h l o r n i t r o b e n z e n e p  

2 , 3 - d i c h l o r n i t r o b e n z e n e ,   o - ,   m-  and  p - c h l o r o - n i t r o b e n z e n e  

and  2 , 4 , 5 - t r i c h l o r n i t r o b e n z e n e .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  the   f o l l o w i n g  

E x a m p l e s ,   i n   w h i c h   p a r t s   by  w e i g h t   b e a r   the   s a m e  

r e l a t i o n s h i p   to  p a r t s   by  v o l u m e   as  do  k i l o g r a m s   to  l i t r e s .  

E x a m p l e   1  

A  s h a k i n g   a u t o c l a v e   was  c h a r g e d   w i t h   2 5 8 . 6   p a r t s  

by  w e i g h t   of   2 - c h l o r o - 4 - n i t r o a n i l i n e .   To  t h i s   w a s  

a d d e d   0 . 5 1   p a r t s   by  w e i g h t   of   c a t a l y s t   c o m p r i s i n g   5% 

s u l p h i d e d   p l a t i n u m   on  c h a r c o a l ,   as  a  50%  p a s t e ,   0 . 5   p a r t s  

by  w e i g h t   s o d i u m   c a r b o n a t e   and  0 . 0 6   p a r t s   by  w e i g h t   o f  

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

w i t h   h y d r o g e n   and  t h e n   h e a t e d   to  1 2 0 ° C .   to  m e l t   t h e  

e d u c t .   W i t h   a g i t a t i o n ,   h y d r o g e n   was  i n t r o d u c e d  

a t   140  p s i   and  t he   c o n d i t i o n s   we re   m a i n t a i n e d   f o r   10  h o u r s  

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

The  p r e s s u r e   was  r e l e a s e d   and  the   c a t a l y s t   f i l t e r e d  

o f f .   A f t e r   d r y i n g   and  c o o l i n g   the   p r o d u c t   was  o b t a i n e d  

in   e x c e l l e n t   y i e l d   and  p u r i t y   ( l e s s   t h a n   0 . 2 %  

p - p h e n y l e n e d i a m i n e   p r e s e n t   as  i m p u r i t y ) .  



E x a m p l e  2  

A  s h a k i n g   a u t o c l a v e   was  c h a r g e d  w i t h   150  p a r t s   b y  

w e i g h t   2 - c h l o r o - 4 - n i t r o t o l u e n e   ( c o n t a i n i n g   0 . 5 %  

p - n i t r o t o l u e n e   as  i m p u r i t y ) a n d   a  m i x t u r e   of   1 . 5   p a r t s  

by  w e i g h t   of   c a t a l y s t   c o m p r i s i n g   1%  p l a t i n u m   on  c h a r c o a l ,  

as  a  50%  p a s t e ,   1 . 5   p a r t s   by  w e i g h t   of   s o d i u m  

b i c a r b o n a t e ,   5  p a r t s   by  v o l u m e   w a t e r   ( t o   m i x  

t h e   c a t a l y s t )   and  0 . 0 2 5   p a r t s   by  v o l u m e   t h i o p h e n e .  

The  m i x t u r e   was  h y d r o g e n a t e d  a t   a  p r e s s u r e   o f  

140  p s i   and  a  t e m p e r a t u r e   of   8 5  -  9 0 ° C .   R e d u c t i o n   w a s  

c o m p l e t e d   i n   23 4  h o u r s   and  t he   p r o d u c t   was  o b t a i n e d   i n  

95 .8%  y i e l d .   The  p r o d u c t   c o n t a i n e d   0 .5%  p - t o l u i d i n e   a s  

i m p u r i t y   f o r m e d   e n t i r e l y   f r o m   t h e   0 .5%  n i t r o t o l u e n e  

p r e s e n t   i n   t h e   s t a r t i n g   m a t e r i a l ,   i . e .   no  p - t o l u i d i n e  

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

2 - c h l o r o - 4 - n i t r o t o l u e n e .  

E x a m p l e   3 

To  a  s h a k i n g   a u t o c l a v e   w a s  c h a r g e d   300  p a r t s   by  w e i g h t  

2 - c h l o r o - 4 - n i t r o t o l u e n e   ( c o n t a i n i n g   o n l y   0 .1%  p - n i t r o -  

t o l u e n e   as  i m p u r i t y )   and  a  m i x t u r e   o f  3   p a r t s   by  w e i g h t   o f  

c a t a l y s t   c o m p r i s i n g   1%  p l a t i n u m   on  c h a r c o a l ,   as  a  50% 

p a s t e ,   3  p a r t s   by  w e i g h t   s o d i u m   b i c a r b o n a t e ,   5  p a r t s   b y  

v o l u m e   w a t e r   and  0 . 0 5   p a r t s   by  v o l u m e   t h i o p h e n e .   T h e  

m i x t u r e   was  h y d r o g e n a t e d   a t   a  p r e s s u r e   of   210  p s i   and  a  

t e m p e r a t u r e   of   1 1 5 °  -   1 2 0 ° C .   R e d u c t i o n   w a s  c o m p l e t e   i n  

41 2  h o u r s .   The  p r o d u c t   was  o b t a i n e d   i n   96 .3%  y i e l d   a n d  

c o n t a i n i n g   o n l y   0 .1%  p - t o l u i d i n e   as  t he   m a i n   i m p u r i t y .  



E x a m p l e   4  

To  a  s h a k i n g   a u t o c l a v e   was  c h a r g e d   300  p a r t s   b y  

w e i g h t ,   2 , 5 - d i c h l o r n i t r o b e n z e n e ,   and  a  m i x t u r e   o f  3   p a r t s  

by  w e i g h t   c a t a l y s t   c o m p r i s i n g   1%  p l a t i n u m   on  c h a r c o a l ,   a s  

a  50%  p a s t e ,   3  p a r t s   by  w e i g h t   s o d i u m   b i c a r b o n a t e ,   5  p a r t s  

by  w e i g h t   w a t e r   and  0 . 0 5   p a r t s   by  w e i g h t   t h i o p h e n e .   T h e  

m i x t u r e   was  h y d r o g e n a t e d   a t   a  p r e s s u r e   of   140  p s i   and  a t  

a  t e m p e r a t u r e   of   9 0  -   95°C .   C o n s u m p t i o n   of   h y d r o g e n  

c e a s e d   a f t e r   3  h o u r s ,   b u t   t he   c o n d i t i o n s   were   m a i n t a i n e d  

f o r   a  f u r t h e r   15  m i n u t e s .   The  p r o d u c t   was  o b t a i n e d  i n   a  

y i e l d   of   9 5 . 6 % .   A f t e r   r e m o v a l   of   t h e  c a t a l y s t   b y  

f i l t r a t i o n ,   t he   e n t i r e   r e a c t i o n   mass   c o u l d   be  r e t a i n e d  

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

w i t h   t he   d e s i r e d   c o u p l i n g   c o m p o n e n t .  



1.  A  p r o c e s s   f o r   t he   m a n u f a c t u r e   of   c h l o r i n a t e d   a r o m a t i c  

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

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

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

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

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

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

r u t h e n i u m   or   r h o d i u m .  

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

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

p l a t i n u m   on  c h a r c o a l .  

4.  A  p r o c e s s   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

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

0 . 0 0 5 %   to  0 .1%  b a s e d   on  t he   w e i g h t   o f   t h e   n i t r o   c o m p o u n d .  

5.  A  p r o c e s s   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   i n   t h a t   t he   a m o u n t   o f   t h i o p h e n e   i s   f r o m   25% 

to  300%  by  w e i g h t   of   t h e   c a t a l y s t   ( p u r e   100%  m e t a l ) .  

6.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   5  c h a r a c t e r i s e d   i n  

t h a t   t h e   a m o u n t   of   t h i o p h e n e   i s   f r o m   100%  to  250%  by  w e i g h t  

o f   t he   c a t a l y s t   ( p u r e   100%  m e t a l ) .  



7.  A  p r o c e s s   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   a  h y d r o c h l o r i c   a c i d   a c c e p t o r   i s  

a d d e d   to  t he   r e a c t a n t s   to  m a i n t a i n   a  r e a c t i o n   pH  o f  

7 . 0   to  9 . 0 .  

8.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   7  c h a r a c t e r i s e d   i n  

t h a t   up  to  5%  by  w e i g h t   of   a  c a r b o n a t e   or   b i c a r b o n a t e   o f  

an  a l k a l i   m e t a l   i s   a d d e d .  

9.  A  p r o c e s s   as  c l a i m e d   i n   any   p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   i n   t h a t   i t   i s   c a r r i e d   ou t   a t   a  p r e s s u r e  

of   f rom  15  to  1400  p s i .  

10.  A  p r o c e s s   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t he   n i t r o   c o m p o u n d   i s   2 - c h l o r o - 4 -  

n i t r o a n i l i n e ,   2 - c h l o r o - 4 - n i t r o t o l u e n e ,   2 , 5 - d i c h l o r -  

n i t r o b e n z e n e ,   2 , 4 - d i c h l o r n i t r o b e n z e n e ,   2 , 3 - d i c h l o r -  

n i t r o b e n z e n e ,   or   o - ,   - o r   p - c h l o r o - n i t r o b e n z e n e   o r  

2 , 4 , 5 - t r i c h l o r n i t r o b e n z e n e .  
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