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(5j)  Destroying  halogen  containing  organic  compounds. 
  Halogen-containing  organic  compounds  e.g.  polychlor- 
inated  biphenyls  (PCB's)  are  destroyed  by  being  contacted  in 
gaseous  form  in  the  absence  of  oxygen  to  AI,  Mg,  Si,  Ti  or  Be 
having  a  high  specific  area,  and  an  area  of  0.1 -  65  m2  of 
metal  surface  per  gram  of  organic  compound  to  be  des- 
troyed,  at  temperatures  of  450 -  650°C  for  times  up  to  50 
seconds.  The  PCB's  are  generally  entrained  in  an  inert  carrier 
gas.  The  method  is  suitable  for  continuous  operation.  When 
the  metal  becomes  deactivated  by  reason  of  a  carbonaceous 
deposit  on  the  surface,  it  can  be  regenerated,  e.g.  by 
treatment  with  sodium  hydroxide  solution. 



P o l y c h l o r i n a t e d   b i p h e n y l s   ( P C B ' s )   i s   a  g e n e r i c   t e r m  

c o v e r i n g   a  f a m i l y   of  p a r t i a l l y   or  w h o l l y   c h l o r i n a t e d  

i s o m e r s   of  b i p h e n y l .   PCB's   a r e   n o n - c o n d u c t o r s   o f  

e l e c t r i c i t y   and  h a v e   good  r e s i s t a n c e   to   h i g h   t e m p e r a -  

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

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

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

P C B ' s   a r e   e x t r e m e l y   t o x i c ,   b u t   a r e   d i f f i c u l t   to  d e s t r o y  

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

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

i n c i n e r a t i o n   a t   t e m p e r a t u r e s   a r o u n d   1 5 0 0 ° C ,   bu t   s u f f e r s  

f rom  s e v e r a l   d i s a d v a n t a g e s .   O p e r a t i o n   a t   t h e s e   v e r y  

h i g h   t e m p e r a t u r e s   i s   e x p e n s i v e ;   and  i n c o m p l e t e   c o m b u s t i o n  

can  g i v e   r i s e   to  c h l o r i n a t e d   d i o x i n s   or  f u r a n s   w h i c h  

a r e   e v e n   more   t o x i c   t h a n   P C B ' s .   The  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  m e t h o d   f o r   t h e   d e s t r u c t i o n   of  PCB ' s   a n d  

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

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

t e m p e r a t u r e s .  

C.  S.  S h u l t z   d e s c r i b e s   in  U . S .   P a t e n t   4 , 4 6 9 , 6 6 1   a  

m e t h o d   f o r   d e s t r o y i n g   PCB ' s   by  c o n t a c t i n g   them  i n  

v a p o u r   f o r m   w i t h   m o l t e n   a l u m i n i u m   m e t a l .   T h i s   p r o c e s s ,  
w h i c h   i s   n o t   d e m o n s t r a t e d   by  S h u l t z ,   i s   u n s a t i s f a c t o r y  

f o r   s e v e r a l   r e a s o n s .   The  u se   of  a  body  of  m o l t e n  

a l u m i n i u m   m e t a l   i s   s o m e w h a t   h a z a r d o u s ,   on  a c c o u n t   o f  

t h e   r i s k   of   e x p l o s i o n ,   and  e x p e n s i v e ,   on  a c c o u n t   of  t h e  

h i g h   t e m p e r a t u r e s   i n v o l v e d   ( a l u m i n i u m   m e l t s   a t   6 6 0 ° C )  

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

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

and  q u a r t z .   I t   i s   e x p e c t e d   to  be  more  d i f f i c u l t   t o  

e n s u r e   i n t i m a t e   p h y s i c a l   c o n t a c t   of  g a s e o u s   PCB ' s   w i t h  

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

s t a t e ;   and  t h a t   t h e   r e a c t i o n   of  P C B ' s   w i t h   m o l t e n  

a l u m i n i u m   w i l l   p r o d u c e   much  more   AlC13  t h a n   w i l l  

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



S h u l t z   d i s c l o s e s   as  a  non  p r e f e r r e d   e m b o d i m e n t ,  

b u t   d o e s   no t   c l a i m ,   a  p r o c e s s   w h i c h   i n v o l v e s   c o n t a c t i n g  

P C B ' s   w i t h   a  s o l i d   a l u m i n i u m   s u r f a c e .   As  r e p o r t e d   i n  

E x a m p l e s   1  to  3,  h i s   e x p e r i m e n t s   i n v o l v e d   h e a t i n g  

t r a n s f o r m e r   o i l s   c o n t a i n i n g   P C B ' s   in  t h e   p r e s e n c e   o f  

a l u m i n i u m   f o i l   a t   v a r i o u s   t e m p e r a t u r e s ,   bu t   d id   n o t  

r e s u l t   in  c o m p l e t e   d e s t r u c t i o n   of   t h e   PCB ' s   e v e n   o v e r  

p e r i o d s   as  l o n g   as  30  m i n u t e s .  

J a p a n e s e   K o k a i   5 1 - 2 5 4 7 1   d e s c r i b e s   a  m e t h o d   o f  

d e c o m p o s i n g   PCB ' s   by  h e a t i n g   them  to   e f f e c t   p a r t i a l  

d i s s o c i a t i o n   to  HC1  or  C12,   and  p a s s i n g   t h e   m i x t u r e  

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

t h e   m e t a l   by  s u b l i m a t i o n   f rom  t h e   d e c o m p o s i t i o n   s y s t e m .  

T h e r e   i s   no  i n d i c a t i o n   t h a t   a i r   i s   e x c l u d e d ;   and  n o  

e v i d e n c e   t h a t   c o m p l e t e   d e c o m p o s i t i o n   of   P C B ' s   i s  

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

T h i s   i n v e n t i o n   i s   b a s e d   on  t h e   d i s c o v e r y   t h a t  

P C B ' s   can   be  r a p i d l y   d e s t r o y e d   by  h e a t i n g   in   t h e  

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

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

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

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

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

c o n t a c t i n g   t h e   c o m p o u n d s   in   g a s e o u s   fo rm  in  t h e   a b s e n c e  

of   o x y g e n   w i t h   a  m e t a l   s e l e c t e d   f r o m   Al ,   Mg,  S i ,   Ti  a n d  

Be,  and   a l l o y s   t h e r e o f   h a v i n g   a  h i g h   s p e c i f i c   s u r f a c e  

a r e a   a t   a  t e m p e r a t u r e   of   a t   l e a s t   4 5 0 ° C   and  a  c o n t a c t  

t i m e   of   f rom  0 . 5   to   50  s e c o n d s .  

T e s t s   have   e s t a b l i s h e d   t h a t   t h e   m e t h o d   i s   c a p a b l e  

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

c o m p o u n d s .   We  know  of  no  r e a s o n   why  any  c h l o r i n a t e d  

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

be  h e a t e d   up  to  t h e   r e q u i r e d   r e a c t i o n   t e m p e r a t u r e ,  

s h o u l d   n o t   be  d e s t r o y e d   by  t h e   m e t h o d .   The  i n v e n t i o n  

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

h a l o g e n s ,   f l u o r i n e ,   b r o m i n e   and  i o d i n e .   H o w e v e r ,  



e n v i r o n m e n t a l   p r o b l e m s   do  no t   e x i s t   to   t h e   same  e x t e n t  

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

i n d u s t r i a l   u se   of  t h e   l a t t e r .   The  i n v e n t i o n   i s ,   o f  

c o u r s e ,   of  p a r t i c u l a r   v a l u e   in  r e l a t i o n   to  PCB's   a n d  

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

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

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

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

a r e   p r e f e r a b l y   e n t r a i n e d   in  an  i n e r t   c a r r i e r   g a s ,   f o r  

e x a m p l e   a r g o n   or  o t h e r   gas   in  g r o u p   0  of  t h e   p e r i o d i c  

t a b l e .   High  p u r i t y   n i t r o g e n   may  a l s o   be  u s e d ,   and  i s  

r e g a r d e d   f o r   t h i s   p u r p o s e   as  an  i n e r t   g a s .   H o w e v e r ,  

i t s   use   i s   n o t   p r e f e r r e d ,   f o r   n i t r o g e n   i s   known  to  f o r m  

h i g h l y   t o x i c   c o m p o u n d s   w i t h   P C B ' s   b u t   t h e   c o n c e n t r a t i o n s  

so  f a r   o b s e r v e d   of  t h e s e   a r e   i n s i g n i f i c a n t .  

T h e r e   i s   no  c r i t i c a l   u p p e r   l i m i t   of   c o n c e n t r a t i o n  

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

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

s u r f a c e   a r e a   i s   a v a i l a b l e   f o r   r e a c t i o n ,   b u t   wou ld   o n l y  

be  s a f e   w i t h   a  c o m p l e t e l y   c l o s e d   r e a c t i o n   v e s s e l .   I n  

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

u p p e r   l i m i t   of   c o n c e n t r a t i o n .   T h e r e   i s   no  c r i t i c a l  

l o w e r   l i m i t   of  c o n c e n t r a t i o n ,   bu t   a  p r a c t i c a l   l o w e r  

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

The  c o n c e n t r a t i o n   of  h a l o g e n - c o n t a i n i n g   o r g a n i c  

c o m p o u n d s   in  c a r r i e r   gas   is   p r e f e r a b l y   f rom  10  ppm  u p  
to  10%. 

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

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

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

t h e   p r e s e n c e   of  s i g n i f i c a n t   q u a n t i t i e s   of   o x y g e n ,   t h e n  

d e s t r u c t i o n   of   P C B ' s   i s   i n c o m p l e t e  a n d   t h e r e   i s   t h e  

r i s k   of  f o r m a t i o n   of  c h l o r i n a t e d   d i o x i n s   or  f u r a n s .  

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

c o m p o u n d s ,   a r e   s p e c i f i e d   Al,   Mg,  S i ,   Ti  and  Be,  a n d  

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



p r o p o r t i o n s   of  o t h e r   m e t a l s .   The  f i v e   named  m e t a l s  

have   two  c h a r a c t e r i s t i c s   in  common:   t h e y   f o r m   o x i d e s  

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

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

B e r y l i u m   p r e s e n t s   a  t o x i c i t y   p r o b l e m   in  i t s e l f ,   and  i s  

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

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

a l u m i n i u m .   The  m e t a l s   can  be  u s e d   in   t h e   n a t u r a l  

s t a t e ,   i . e .   w i t h o u t   t h e   need   to   r e m o v e   any  o x i d e   f i l m  

t h a t   may  be  p r e s e n t .   A l u m i n i u m   can  be  u s e d   h a v i n g   a n  

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

of  o x i d e s   of  o t h e r   m e t a l s   s u c h   as  Co,  Ni ,   Sn,   Cu  e t c . ,  

in  t h e   p o r e s .   I t   i s   n o t   known  w i t h   c e r t a i n t y   w h e t h e r  

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

or  w h e t h e r   i t   i s   r e m o v e d   by  r e a c t i o n   w i t h   h a l o g e n -  

c o n t a i n i n g   o r g a n i c   c o m p o u n d s .  

The  m e t a l   can   be  u s e d   in  any  p h y s i c a l   f o r m   i n  

w h i c h   i t   ha s   a  h i g h   s p e c i f i c   s u r f a c e   a r e a .   S u i t a b l e  

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

g r a n u l e s ,   a  f l u i d i z e d   bed  of  p o w d e r ,   h o n e y c o m b ,   w i r e  

mesh  or  w i r e   w o o l .   Our  p r e s e n t l y   p r e f e r r e d   m a t e r i a l  

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

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

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

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

c o n t a i n i n g   o r g a n i c   c o m p o u n d s .   T h i s   i s   g e n e r a l l y   0 . 1  

to   65  m2,  p r e f e r a b l y   f rom  1  to   20  m2,  of  a c t i v e   m e t a l  

s u r f a c e   ( n o t   n e c e s s a r i l y   b a r e   m e t a l   s u r f a c e ,   b u t  

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

d e p o s i t s )   p e r   g r a m ,   of  c o m p o u n d   to   be  d e s t r o y e d .  

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

r e a c t i o n   t e m p e r a t u r e   n e e d s   to  be  a t   l e a s t   4 5 0 ° C .   An 

u p p e r   l i m i t   on  t e m p e r a t u r e   i s   s e t   by  t h e   m e l t i n g   p o i n t  

of  t h e   m e t a l   b e i n g   u s e d .   One  of  t h e   a d v a n t a g e s   of   t h e  

m e t h o d   of  t h i s   i n v e n t i o n   i s   t h e   low  t e m p e r a t u r e s  

r e q u i r e d ,   and  i t   i s   p r e f e r r e d   n o t   to  u se   h i g h e r  



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

r e a c t i o n   a t   t h e   d e s i r e d   r a t e .   D e p e n d i n g   on  o t h e r  

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

to  l i e   in  t h e   r a n g e   550°C  to  6 5 0 ° C .  

P r o v i d e d   t h e   a b o v e   r e a c t i o n   c o n d i t i o n s :   a b s e n c e  

of   o x y g e n ;   s t a t e   of  t h e   m e t a l ;   t e m p e r a t u r e   of  t h e  

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

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

s h o r t   c o n t a c t   t i m e s .   We  s p e c i f y   a  r a n g e   of  up  to  50  

s e c o n d s ,   p r e f e r a b l y   0 .5   to  3 0  s e c o n d s   c o n t a c t   t i m e .  

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

t i m e   of  g a s   in  t h e   r e g i o n   of  t h e   a c t i v e   m e t a l   s u r f a c e .  

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

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

c o m p o u n d s ,   and  to  t h e   r e a c t i o n   t e m p e r a t u r e .   A d j u s t m e n t  

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

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

R e a c t i o n   p r o d u c t s   r e s u l t i n g   f rom  t h e   m e t h o d   a p p e a r  
to  be  m e t a l   h a l i d e   ( e . g .   a l u m i n i u m   c h l o r i d e ) ,   l o w -  

b o i l i n g   h y d r o c a r b o n s ,   h a l o g e n ,   ( e . g .   c h l o r i n e )   a n d  

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

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

i n a c t i v e .   When  t h i s   h a p p e n s ,   t h e   s u b s t r a t e   can  b e  

r e g e n e r a t e d .   With  a l u m i n i u m ,   t h i s   can  be  a c h i e v e d   b y  

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

l e s s   p r e f e r a b l y ,   by  h e a t i n g   t h e   m e t a l   in  a i r   to  b u r n  

o f f   t h e   c a r b o n   d e p o s i t s .  O t h e r   t r e a t m e n t s   f o r  

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

s u r f a c e : -  

( a )   a t   5800C  to  o x y g e n   f o r   30  m i n u t e s   f o l l o w e d  

by  c h l o r i n e   f o r   1  m i n u t e .  

(b)   h y d r o g e n   f o r   30  m i n u t e s   a t   550°C   f o l l o w e d   b y  

o x y g e n   f o r   30  m i n u t e s .  

( c )   o x y g e n   f o r   30  m i n u t e s   a t   5 5 0 - 5 8 0 ° C   f o l l o w e d  

by  a  s t e a m / o x y g e n   m i x t u r e   a t   1 2 5 - 1 7 5 0 C .  

H y d r o g e n   and  c h l o r i n e   may  be  d i l u t e d   w i t h   f l o w i n g  



a r g o n .   Of  t h e   a b o v e ,   t r e a t m e n t   (a)   i s   p r e f e r r e d .   I t  

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

way  " r e - a c t i v a t e d "   by  t h e   c h l o r i n e .   U s i n g   t h i s  

t r e a t m e n t ,   a  79 .7%  r e c o v e r y   of   u s a b l e   s u r f a c e   w a s  

o b t a i n e d .   T r e a t m e n t   (b)   i s   more  p r e f e r r e d   t h a n   ( c ) .  

O t h e r   m e t a l   s u b s t r a t e s   can  s i m i l a r l y   be  r e g e n e r a t e d   b y  

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

t he   s u b s t r a t e   i s   n o t   a f f e c t e d .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n .  

E x a m p l e   1 

The  m e t a l   u s e d   was  1100  a l u m i n i u m   a l l o y   c h i p s  

( 0 . 5   x  0 .5   x  0 .1  cm) .   A  bed  a b o u t   27  cm  l o n g   o f  

t h e s e   c h i p s   was  p o s i t i o n e d   in   a  v e r t i c a l   q u a r t z   t u b e  

1.8  cm  o u t s i d e   d i a m e t e r ,   and  m a i n t a i n e d   a t   a  n o m i n a l  

t e m p e r a t u r e   of   5 8 0 ° C .   A  v e s s e l   c o n t a i n i n g   t h e  

r e a c t a n t   was  p o s i t i o n e d   in  t h e   q u a r t z   t u b e   b e l o w   t h e  

b e d ,   and  was  s u r r o u n d e d   by  a  s e p a r a t e   t u b e   f u r n a c e  

whose   t e m p e r a t u r e   was  r a i s e d   f rom  a m b i e n t   to   6 0 0 ° C   o v e r  

a  p e r i o d   of  60  m i n u t e s .   The  l o w e r   end  of  t h e   q u a r t z  

t u b e   was  c l o s e d   e x c e p t   f o r   an  i n l e t   p o r t   t h r o u g h   w h i c h  

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

8 7 . 7   m l / m i n   ( N T P ) .   As  t h e   r e a c t a n t   h e a t e d   up  i t  

v a p o u r i z e d   and  b e c a m e   e n t r a i n e d   in  t h e   c a r r i e r   g a s .  

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

gas   in  t h e   bed  of  a l u m i n i u m   c h i p s   was  a b o u t   15  s e c o n d s .  

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

m e a s u r e d   as  366°C  a t   0  cm  up  f rom  t h e   b o t t o m ;   4730C  a t  

5  cm;  563°C  a t   9  cm;  601°C  a t   16  cm  and  6 0 0 ° C   a t   27  c m .  

The  t o p   end  of   t h e   q u a r t z   t u b e   was  c l o s e d   e x c e p t  

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

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

r e a c t a n t ,   t h e   m a t e r i a l   in  t h e   bed  of  a l u m i n i u m   c h i p s  

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

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



In  one  e x p e r i m e n t ,   t h e   r e a c t a n t   was  0 . 0 0 7 8   g  o f  

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

9 9 . 9 9 9 9 % .   The  s e c t i o n   f rom  14  to  24  cm  ( m e a s u r e d   f r o m  

t h e   b o t t o m )   of   t h e   a l u m i n i u m   bed  b e c a m e   b l a c k .  

In  o t h e r   e x p e r i m e n t s ,   t h e   r a t e   of  h e a t i n g   of   t h e  

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

d e c a c h l o r o b i p h e n y l   in  c a r r i e r   a r g o n   gas   r a n g e d   f r o m  

166  ppm  to   3048  ppm.  In  a l l   c a s e s ,   t h e   d e s t r u c t i o n  

e f f i c i e n c y   was  a t   l e a s t   9 9 . 9 9 9 % .  

A f t e r   one  e x p e r i m e n t ,   d ry   a i r   was  p a s s e d   t h r o u g h  

t h e   bed  of  a l u m i n i u m   c h i p s   a t   5 8 0 ° C .   The  b e d ,   a  

s e c t i o n   of  w h i c h   had  been   b l a c k e n e d   by  c a r b o n   d e p o s i t i o n ,  

was  p a r t i a l l y   r e g e n e r a t e d   by  c o n t a c t   w i t h   a i r .   O n l y  

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

s u r f a c e .  

C o m p a r a t i v e   e x p e r i m e n t s   w e r e   run   u n d e r   t h e   s a m e  

c o n d i t i o n s   bu t   w i t h   an  e m p t y   b e d ,   i . e .   w i t h o u t   t h e  

a l u m i n i u m   c h i p s .   D e s t r u c t i o n   e f f i c i e n c y   was  of   t h e  

o r d e r   of  0  to  5%.  T h i s   d e m o n s t r a t e s   t he   e x c e l l e n t  

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

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

by  t h e   bed  of  a l u m i n i u m   c h i p s .  

E x a m p l e   2 

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

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

E x a m p l e   1.  D e s t r u c t i o n   e f f i c i e n c y   was  n o t   m e a s u r e d  

w i t h   t h e   same  a c c u r a c y   as  in  E x a m p l e   1,  b e c a u s e   of   t h e  

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

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

a)  The  r e a c t a n t   was  0 .5   ml  of  c a r b o n t e t r a c h l o r i d e ,  

i n j e c t e d   a t   a m b i e n t   t e m p e r a t u r e   i n t o   t he   c a r r i e r   g a s .  
The  bed  of  a l u m i n i u m   c h i p s   was  one  t h a t   had  b e e n  

r e g e n e r a t e d   by  a i r   as  d e s c r i b e d   in  E x a m p l e   1.  T h e  

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



was  h i g h .  

b)  The  r e a c t a n t   was  0 . 2   ml  of  e t h y l e n e   d i c h l o r i d e ,  

i n j e c t e d   a t   a m b i e n t   t e m p e r a t u r e   i n t o   t he   c a r r i e r   g a s .  

The  d e s t r u c t i o n   e f f i c i e n c y   was  g r e a t e r   t h a n   9 0 % .  

c)  The  r e a c t a n t   was  1 .0   ml  of  F r e o n - 1 1 3 ,   i n j e c t e d  

i n t o   t he   c a r r i e r   g a s .   The  d e s t r u c t i o n   e f f i c i e n c y   w a s  

g r e a t e r   t h a n   9 0 % .  

d)  The  r e a c t a n t   was  0 . 0 0 5 2   g  of  " V i t a r "   f l u o r o c a r b o n .  

T h i s   was  a l l   d e c o m p o s e d   in  t h e   s a m p l e   v i a l   and  d i d   n o t  

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

e)  The  r e a c t a n t   was  0 . 0 6 1 3   g  of  i o d o b e n z e n e .   T h e  

d e s t r u c t i o n   e f f i c i e n c y   was  9 9 . 6 % .  

f)  The  r e a c t a n t   was  0 . 0 1 8 5   g  of  p y r a n o l   t r a n s f o r m e r  

o i l   c o n t a i n i n g   60%  by  w e i g h t   of  p e n t a c h l o r o b i p h e n y l .  

The  c o n c e n t r a t i o n   of  r e a c t a n t   in  t h e   a r g o n   c a r r i e r   g a s  

was  1000  to   2000  ppm.  The  d e s t r u c t i o n   e f f i c i e n c y   w a s  

9 8 % .  

E x a m p l e   3 

T h i s   e x a m p l e   d e m o n s t r a t e s   t h e   use   of  d i f f e r e n t  

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

d e s c r i b e d   in  E x a m p l e   1 .  

a)  A  b e d   of  a l u m i n i u m   a l l o y   c h i p s   was  u s e d   ( a s  

d e s c r i b e d   in  E x a m p l e   1 ) .   The  bed  had  been   p r e v i o u s l y  

u s e d   and  had  b e e n   r e g e n e r a t e d   by  t r e a t m e n t   w i t h   a n  

a q u e o u s   s o l u t i o n   c o n t a i n i n g   a b o u t   5  g  of  s o d i u m  

h y d r o x i d e   p e r   l i t r e   w h i c h   was  e f f e c t i v e   to   r e m o v e   a l l  

t h e   c a r b o n   r e s i d u e s .   The  r e a c t a n t   was  0 . 0 2 6 1   g  o f  

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

g r e a t e r   t h a n   9 5 % .  

b)  The  bed  c o m p r i s e d   a n o d i z e d   a l u m i n i u m   c h i p s   m a d e  

f rom  a  s h e e t   of  5252  a l l o y   w i t h   a  7 .5   m i c r o n   a n o d i c  

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

c o b a l t .   The  s i z e   of  t h e   c h i p s   was  0 . 5   x  0 .5   x  0 .1   c m .  

Bo th   s i d e s   of  t h e   c h i p s   w e r e   c o l o u r e d   b l a c k   w i t h   c o b a l t  

bu t   t h e   p e r i p h e r y   was  b a r e   5252  a l l o y .   The  r e a c t a n t  



was  0 . 0 0 4 9   g  of  d e c a c h l o r o b i p h e n y l .   The  d e s t r u c t i o n  

e f f i c i e n c y   was  9 9 . 9 9 9 % .  

c)  The  bed  was  c o m p o s e d   of  a l u m i n i u m   f i n e s ,   t h a t   i s  

to   say  p a r t i c l e s   w h i c h   p a s s e d   t h r o u g h   a  20  mesh  s i e v e  

( o p e n i n g   0 . 8 4   mm).  The  r e a c t a n t   was  0 . 0 6   g  of   p y r a n o l  

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

9 9 . 9 9 % .  

d)  The  bed  was  of   70  to  80  mesh  ( a b o u t   0 . 2   mm 

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

0 . 0 0 9   g  of  d e c a c h l o r o b i p h e n y l .   The  d e s t r u c t i o n  

e f f i c i e n c y   was  9 9 . 9 9 9 % .  

E x a m p l e   4 

T h i s   e x a m p l e   d e m o n s t r a t e s   how  t h e   c a r r i e r   gas   c a n  

be  a l t e r e d   or  o m i t t e d .   Where  n o t   o t h e r w i s e   s t a t e d ,  

c o n d i t i o n s   w e r e   as  d e s c r i b e d   a b o v e   in  E x a m p l e   1 .  

a)  The  bed  was  of  s u p e r   p u r e   a l u m i n i u m   f i n e s   of   a  

p a r t i c l e   s i z e   to   p a s s   t h r o u g h   a  20  mesh  s i e v e   ( o p e n i n g  

0 . 8 4   mm).  The  r e a c t a n t   was  a b o u t   0 . 0 0 7 8   g  o f  

d e c a c h l o r o b i p h e n y l .   No  c a r r i e r   gas   was  u s e d .   T h e  

r e a c t a n t   was  h e a t e d   f rom  a m b i e n t   t e m p e r a t u r e   to  5 8 0 ° C  

in  15  m i n u t e s   and  m a i n t a i n e d   a t   580°C  f o r   a  f u r t h e r   15 

m i n u t e s .   The  d e s t r u c t i o n   e f f i c i e n c y   was  9 9 . 9 9 9 % .  

The  a m o u n t   of   a l u m i n i u m   u s e d   was  146  g r a m s   p e r   gram  o f  

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

d e m o n s t r a t e d   t h a t   l e s s   t h a n   100  g r a m s   p e r   g ram  w e r e  

e q u a l l y   e f f e c t i v e .   W h i l e   i t   i s   no t   m e a n i n g f u l   to   t a l k  

a b o u t   a  c o n t a c t   t i m e   b e w t w e e n   r e a c t a n t   and  s u b s t r a t e   i n  

a  l a b o r a t o r y   e x p e r i m e n t   of  t h i s   k i n d ,   in   c o m m e r c i a l  

o p e r a t i o n   t h e r e   w o u l d   a l w a y s   be  a  f l o w   of   gas   o v e r   t h e  

s u b s t r a t e   b e d .  

b)  The  bed  was  of  a l u m i n i u m   a l l o y   c h i p s   as  u s e d   i n  

E x a m p l e   1.  I n s t e a d   of  a r g o n ,   p r e - p u r i f i e d   n i t r o g e n  

was  u s e d   as  t h e   c a r r i e r   gas   a t   a  f l o w   r a t e   of   8 7 . 7   m l / m i n  

( N T P ) .   The  r e a c t a n t   was  0 . 0 0 6 5   g  of  d e c a c h l o r o b i p h e n y l ,  



and  t h e   d e s t r u c t i o n   e f f i c i e n c y   was  9 9 . 9 9 9 % .  

In  a  c o m p a r a t i v e   e x p e r i m e n t ,   e x t r a   d ry   a i r   w a s  

u s e d   as  t h e   c a r r i e r   gas   in  p l a c e   of  n i t r o g e n .   T h e  

d e s t r u c t i o n   e f f i c i e n c y   was  l e s s   t h a n   80%,  a n d  

u n i d e n t i f i e d   and  p o s s i b l y   t o x i c   p r o d u c e s   w e r e   f o u n d   i n  

t h e   e f f l u e n t   g a s .  



1.  A  m e t h o d   of  d e s t r o y i n g   h a l o g e n - c o n t a i n i n g   o r g a n i c  

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

a t   e l e v a t e d   t e m p e r a t u r e ,   c h a r a c t e r i z e d   by  c o n t a c t i n g  

t h e   c o m p o u n d s   in  g a s e o u s   fo rm  in  t h e   a b s e n c e   of  o x y g e n  

w i t h   a  m e t a l   s e l e c t e d   f rom  Al ,   Mg,  S i ,   Ti  and  Be,  a n d  

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

t e m p e r a t u r e   of   a t   l e a s t   4500C  and  a  c o n t a c t   t i m e   of  u p  
to  50  s e c o n d s .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 ,  

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

c a r b o n s .  

3.  A  m e t h o d   of  d e s t r o y i n g   c h l o r i n a t e d   h y d r o c a r b o n s   b y  

t h e   s t e p s   o f : -  

i )   b r i n g i n g   t h e   c h l o r i n a t e d   h y d r o c a r b o n s   in  t h e  

gas   p h a s e   and  in  t h e   a b s e n c e   of   o x y g e n   i n t o   c o n t a c t  

w i t h   a  m e t a l   s e l e c t e d   f rom  Al ,   Mg,  S i ,   Ti  and  Be  a n d  

a l l o y s   t h e r e o f   a t   a  t e m p e r a t u r e   of   4 5 0  C   and  a  c o n t a c t  

t i m e   of  0 . 1  -   50  s e c o n d s ,   t h e   m e t a l   h a v i n g   a  h i g h  

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

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

f o r m e d   on  t h e   s u r f a c e   of  t h e   m e t a l ,  

i i )   r e g e n e r a t i n g   t h e   m e t a l   by  r e m o v i n g   t h e  

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

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

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

4.  A  m e t h o d   a s  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to  3 ,  

w h e r e i n   t h e   c o m p o u n d s   a r e   e n t r a i n e d   in   g a s e o u s   fo rm  i n  

an  i n e r t   c a r r i e r   g a s .  
5.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to   4 ,  

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

i s   a l u m i n i u m   a l l o y   c h i p s .  

6.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to  5 ,  

w h e r e i n   t h e   c o n t a c t   t e m p e r a t u r e   i s   f r o m   550°C  to  6 5 0 ° C .  

7.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to  6 ,  

w h e r e i n   t h e r e   i s   p r o v i d e d   f rom  1  to   20  m2  of  a c t i v e  



m e t a l   s u r f a c e   pe r   gram  of  c o m p o u n d   to  be  d e s t r o y e d .  

8.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3,  w h e r e i n   t h e   m e t a l  

i s   r e g e n e r a t e d   by  t r e a t m e n t   w i t h   s o d i u m   h y d r o x i d e  

s o l u t i o n .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3,  w h e r e i n   t h e   m e t a l  

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

o x y g e n   f o l l o w e d   by  c h l o r i n e .  
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