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Process  for  the  preparation  of  a  solid  carbon-containing 
material  having  a  sorption  capacity for  metal  ions. 

The  invention  concerns  a  process  of  preparing  solid 
metal  sorbents  from  cheap  carbonaceous  material,  like  rub- 
ber  waste,  peat,  coal  or  petroleum  coke.  The  material  is  first 
mixed  with  sulphur  and  heated  at  120-500°C  and  then  sub- 
jected  to  a  treatment  with  an  aqueous  alkali  solution. 

Optionally  and  prior  to  the  latter  treatment  a  moderate 
oxidizing  step  is  included.  The  resulting  solid  product  is  an 
excellent  metal  sorbent  for  effluent  treatment  and  the  like. 



The  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  the  p r e p a r a t i o n   of  a  s o l i d  

c a r b o n - c o n t a i n i n g   m a t e r i a l   having  a  s o r p t i o n   c a p a c i t y   for  m e t a l  

ions.   The  p r e p a r a t i o n   of  a  s o l i d   c a r b o n - c o n t a i n i n g   m a t e r i a l   having  a  

s o r p t i o n   c a p a c i t y   for  metal   ions  is  known  in  i t s e l f .   In  the  N e t h e r -  

lands  P a t e n t   A p p l i c a t i o n   6  805  305,  for  i n s t a n c e ,   a  p roces s   is  d e s -  

c r ibed   in  which  polymers  of  v iny l   a romat ic   hydroca rbons   are  r e a c t e d  

with  a  compound  made  up  of  su lphur   and  c h l o r i n e   in  the  p re sence   o f  

a  c a t a l y s t   and  the  r e s u l t i n g   polymer  s u l p h i d e s   or  polymer  p o l y s u l -  

phides   are  o x i d i z e d   or  reduced..  Reduct ion   r e s u l t s   in  the  f o r m a t i o n  

of  t h i o l   r e s i n s   which  have  a  high  a f f i n i t y   for  ions  of  heavy  m e t a l s .  

A  d i s a d v a n t a g e   to  the  known  metal   adso rb ing   m a t e r i a l   is  i t s   h i g h  

p r i c e .   T h i s  i s   due  both  to  the  high  p r i c e   of  the  s t a r t i n g   m a t e r i a l s  

and  the  r e l a t i v e l y   complex  p rocess   to  be  used  for  the  p r e p a r a t i o n  

of  the  d e s i r e d   t h i o l   r e s i n s .  

P a r t i c u l a r l y ,   when  a  m a t e r i a l   is  c o n s i d e r e d   which  does  not  q u a l i f y  

for  r e g e n e r a t i o n   once  i t   is  spent ,   the  known  p rocess   must  be  r e g a r -  
ded  as  c o s t l y .  

S u r p r i s i n g l y ,   is  has  now  been  found  t h a t   a  so l i d   c a r b o n - c o n t a i n i n g  

m a t e r i a l   having  a  s o r p t i o n   c a p a c i t y   for  metal   ions  can  be  o b t a i n e d  

in  an  i n e x p e n s i v e   and  simple  manner  by  mixing  the  c a r b o n - c o n t a i n i n g  

s t a r t i n g   m a t e r i a l   with  su lphur ,   hea t ing   the  mixture   for  some  t i m e  

to  a  t e m p e r a t u r e   of  about  120o-500o  C.,  and  s u b s e q u e n t l y   t r e a t i n g  

it   with  an  aqueous  s o l u t i o n   of  a l k a l i   metal   hydroxide  an  a  tempe- 

r a t u r e   not  exceeding  about  200°  C.  Tt  should  be 



t r e a t m e n t   with  su lphur   of  a  c a r b o n - c o n t a i n i n g   s t a r t i n g   m a t e r i a l ,  

v i z .   a  s y n t h e t i c   rubber   and /or   n a t u r a l   r ubbe r ,   in  order   to  o b t a i n  

an  a c t i v e   carbon  is  known  in  i t s e l f   from  the  N e t h e r l a n d s   P a t e n t  

A p p l i c a t i c n   7  210  632.  Besides   su lphu r ,   however,  a  g r e a t   many  i n -  

o r g a n i c   and  o rgan ic   compounds  are  men t ioned ,   the  use  of  which  i s  

a p p a r e n t l y   p r e f e r r e d   s ince   no  example  is  given  in  which  s u l p h u r  

is  employed.  Af te r   p y r o l y s i s   the  r e s u l t i n g   a c t i v e   carbon  can  b e  

f u r t h e r   a c t i v a t e d   by  burn ing   the  carbon.   Both  from  the  way  in  which  f u r -  

the r   a c t i v a t i o n   t akes   p lace   and  from  the  a p p l i c a t i o n s   men t ioned ,   s u c h  

as  the  t r e a t m e n t   of  wate r ,   sugar  j u i c e s ,   e t c . ,   i t   f u r t h e r   a p p e a r s  

t h a t   for  the  a c t i v e   carbon  d e s c r i b e d   in  the  l a s t - m e n t i o n e d   p a t e n t   a p p l i -  

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

For  the  p roce s s   a c c o r d i n g   to  the  i n v e n t i o n   v a r i o u s   c a r b o n - c o n t a i n i n g  

s t a r t i n g  m a t e r i a l s   may  be  used.   As  examples  of  s u i t a b l e   m a t e r i a l s   may 

be  ment ioned   waste  m a t e r i a l s   such  as  waste  rubbe r ,   but  a l so   p e a t ,  

l i q n i t e ,   coal ,   a s p h a l t   or  pe t ro l eum  coke.  They  are  p r e f e r a b l y   u s e d  

in  a  f i n e l y   d i v i d e d   s t a t e ,   in  the  form  of  for  i n s t a n c e   chips   or  g r a i n s  

having  a  d i ame te r   of  not  more  than  a  few  m i l l i m e t e r s .   The  rubber   t o  

be  used  may  be  of  s y n t h e t i c   or  n a t u r a l   o r i g i n .   I t   w i l l   g e n e r a l l y   o c c u r  

in  the  form  of  worn  t y r e s   of  a u t o m o b i l e s   or  o the r   motor  v e h i c l e s   o r  

means  of  t r a n s p o r t ,   and  in  the  form  of  worn  o b j e c t s   t h a t  a r e   p a r t l y   o r  

e n t i r e l y   made  of  r ubbe r ,   such  as  conveyor  b e l t s .   The  rubber   o b j e c t s  

may  be  cut  up  or  ground  in  any  c o n v e n i e n t   manner,   p o s s i b l y   a f t e r   r e m o -  

val  of  metal   p a r t s ,   for  i n s t a n c e   from  the  beads  of  au tomobi l e   t y r e s .  

The  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   is  u s u a l l y   so  c a r r i e d   out  t h a t  

b e f o r e ,   dur ing   or  a f t e r   the  c a r b o n - c o n t a i n i n g   s t a r t i n g   m a t e r i a l   is  c u t  

up,  i t   is  mixed  with  0.1  to  5  p a r t s   by  weight   of  su lphur   and  s u b s e q u e n t -  

ly  hea ted   for  a  number  of  hours  in  an  oven  at  a  t e m p e r a t u r e   in  t h e  

range  of  about  1 2 0   to  500o  C.  P r e f e r e n c e ,   however,   is  g iven  to  a  

t r e a t m e n t   with  0.5  to  1.5  p a r t s   by  weight   of  su lphur   per  p a r t   by  

weight   of  s t a r t i n g   m a t e r i a l   at  a  t e m p e r a t u r e   between  about  2 0 0   and  

300o  C.  ' 

The  subsequen t   t r e a t m e n t   of  the  s u l p h u r i z e d   m a t e r i a l   with  an  a q u e o u s  

s o l u t i o n   of  an  a l k a l i   metal   hydroxide   can  s u i t a b l y   be  c a r r i e d   o u t  

at  a  t e m p e r a t u r e   not  exceed ing   about  2 0 0   C.;  above  1 0 0   C. the   t r e a t m e n t  

is  u s u a l l y   done  in  an  a u t o c l a v e .   It  is  p r e f e r r e d   tha t   use  should  be  

made  of  a  sodium  hydroxide   s o l u t i o n ,   for  i n s t a n c e   a  10%  NaOH  s o l u t i o n ,  

by  which  with  p roper   s t i r r i n g   the  t r e a t m e n t   can  be  comple ted   w i t h i n   a  



few  hours  at  a  t e m p e r a t u r e   of  800C.  or  h i g h e r .  

I t   has  f u r t h e r   been  found  t h a t   in  the  t r e a t m e n t   with  an  a q u e o u s  
sodium  hydroxide   s o l u t i o n   the  fo rma t ion   of  t h i o l   groups  can  s t i l l  

be  c o n s i d e r a b l y   f u r t h e r e d   when  in  the  sodium  hydroxide   s o l u t i o n   t h e r e  

is  a lso   d i s s o l v e d   an  a l k a l i   metal   s u l p h i d e .   Depending  on  the  amount  

of  su lphur   p r e v i o u s l y   added  to  the  s t a r t i n g   m a t e r i a l   such  a  s u l p h i d e  

s o l u t i o n   may  a l r e a d y   be  s u f f i c i e n t l y   formed  in  s i t u ,   so  t h a t   the  sodium 

hydroxide   s o l u t i o n   used  a lso  may  with  advantage   be  employed  for  t r e a t i n g  

a  f r e s h   ba tch .   In  many  cases ,   however,  i t   is  a d v i s a b l e ,   t h a t   the  s u l -  

phide  should  be  d i s s o l v e d   in  the  aqueous  sod ium  hydroxide   s o l u t i o n  

b e f o r e h a n d ,   for  i n s t a n c e   10%  Na2S  i n  a   10%  NaOH  s o l u t i o n .  

The  m a t e r i a l   s u c c e s s i v e l y   t r e a t e d   with  sulphur   and  an  aqueous  s o l u t i o n  

of  NaOH  is  f i n a l l y   f i l t e r e d   and/or   washed  with  ( a c i d i f i e d )   water ,   a f t e r  

which  i t   is  ready  for  u s e .  

The  p h y s i c a l   appearance   of  the  novel  adso rb ing   m a t e r i a l s   accord ing   t o  

the  i n v e n t i o n   may  vary  from  gel  form  to  porous  s o l i d   m a t t e r .  

For  example  the  m a t e r i a l   ob t a ined   by  t r e a t i n g   cut  up  au tomobi le   t y r e s  

at  a  t e m p e r a t u r e   between  180o  and  280o  C.has  a  gel  l ike   s t r u c t u r e .  

Trea tment   of  the  same  s t a r t i n g   m a t e r i a l   at  a  t e m p e r a t u r e   above  400°  C.  

r e s u l t s   i n  o b t a i n i n g   a  m a t e r i a l   having  a  porous  s t r u c t u r e .  

The  m a t e r i a l   produced  with  the  p roces s   acco rd ing   to  the  i n v e n t i o n   n o t  

only  shows  the  p r o p e r t y   of  a  c a t i on   exchanger ,   but  is  a lso  capable   o f  

b ind ing   meta ls   t h a t   occur  in  the  form  of  an ion i c   c o m p l e x e s .  

Moreover,   the  m a t e r i a l   a cco rd ing   to  the  i n v e n t i o n   appears   to  have  a  

high  r e d u c i n g   c a p a c i t y ,   which  is  p a r t i c u l a r l y   m a n i t e s t   in  the  s o r p t i o n  

of  ions  of  noble  me t a l s ,   such  as  gold  and  s i l v e r ,   and  cf  meta l s   o f  

the  p l a t i num  group.  I t   is  a lso  found  p o s s i b l e   for  i n s t a n c e   t o  r e d u c e  

Cr042-  to  Cr3+.  This  means  t ha t   the  novel  m a t e r i a l   accord ing   to  t h e  

i n v e n t i o n   can  a lso   be  looked  upon  as   an  i n e x p e n s i v e   r educ ing   a g e n t .  

Another  u s e f u l   a p p l i c a t i o n   of  the  m a t e r i a l   accord ing   to  the  i n v e n t i o n  

c o n s i s t s   in  the  removal  of  mercury  from  c o n c e n t r a t e d   s u l p h u r i c   a c i d ,  

as  o b t a i n e d   by  r o a s t i n g   zinc  s u l p h i d e .  

A  passage   through  a  bed  of  such  m a t e r i a l   of  96%  s u l p h u r i d   o b -  

t a i n i n g ,   s a y ,  5   ppm mercury  may  cause  the  mercury  conten t   to  be  r e -  

duced  to  below  0.1.  ppm. 
The  adsorbed  mercury  remaining  on  the  so rban t   a f t e r   'the  s u l  

has  been  d i s p l a c e d   by a  hole  acid  and  f i n a l l y   to  r   .   "..  - . .   _  



from  i t ,   if  d e s i r e d ,   by  dry  d i s t i l l a t i o n .  

It  has  f u r t h e r   been  found  t h a t   the  p r a c t i c a l   a p p l i c a b i l i t y   of  t h e  

m a t e r i a l   p r e p a r e d   by  the  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   can  s t i l l  

be  c o n s i d e r a b l y   improved  upon .  

To  t h a t   e n d  t h e   i n v e n t i o n   a lso   p r o v i d e s  a   p r o c e s s   in  which  p r i o r   o r  

s u b s e q u e n t   to  the rmal   t r e a t m e n t   the  s t a r t i n g   m a t e r i a l   is  s u b j e c t e d   t o  

a  t r e a t m e n t   with  su lphur   or  oleum,  or  s t i l l   hea ted   in  the  p r e s e n c e   o f  

a i r   or  some  o ther   o x y g e n - c o n t a i n i n g   g a s .  

B y  t h i s   a d d i t i o n a l   t r e a t m e n t   t he re   are  i n t r o d u c e d   a  small  number  o f  

more  or  l e s s   p o l a r   groups  such  as  su lphon ic   acid  groups  and /o r   c a r b o x y l  

groups,   which  promote  the  s w e l l i n g   cf  the  m a t e r i a l   in  wa te r .   I n  

p r a c t i c e   the  t r e a t m e n t   with  s u l p h u r i c   acid   w i l l  a s   a  ru le   be  c a r r i e d  

out  by  b r i n g i n g   1  p a r t   by  weight   o f  t h e   m a t e r i a l   to  be  t r e a t e d   i n t o  

c o n t a c t   for  some  time  with  1  to  4  p a r t s   by  weight   of  96%  by  w e i g h t  

H2S04,  Upon  comple t ion   of  the  r e a c t i o n   the  m a t e r i a l   is  c e n t r i f u g e d  

and  washed  with  wa te r .   I t   is  p r e f e r r e d   t h a t   the  t r e a t m e n t   with  a i r  

should  t a k e  p l a c e   in  a  f l u i d   bed.  The  p r e s e n t   i n v e n t i o n   w i l l   b e  

f u r t h e r   d e s c r i b e d   in  the  f o l l o w i n g   examples .   These  examples  are ,   o f  

cou r se ,   only  meant  to  i l l u s t r a t e   and  not  to  l i m i t   the  i n v e n t i o n .  

Example  1 

By  c u t t i n g   up  old  au tombi l e   t y r e s   rubber   chips  measur ing   1  to  2   mm 

were  o b t a i n e d .   Of  these   chips   100  p a r t s   by  weight   were  mixed  w i t h  

120  p a r t s   by  weight   of  subl imed  s u l p h u r .   The  r e s u l t i n g   mix tu re   was 

s u b s e q u e n t l y   hea ted   in  a  r o t a t i n g   s t e e l   oven  for  e igh t   hours  at  a  

t e m p e r a t u r e   of  230°  C.  Next,  the  t e m p e r a t u r e   was  i n c r e a s e d   to  280°  C. 

over  a  pe r iod   of  8  hours .   There  were  o b t a i n e d   130  p a r t s   by  w e i g h t  

of  hard  g r a i n s .  

Half  of  the  r e s u l t i n g   m a t e r i a l ,   while  in  the  f l u i d i z e d   s t a t e   was 

s u b s e q u e n t l y   hea ted   in  a i r   at  350o  C. over  a  pe r iod   of  6   hours  and  t h e r e -  

a f t e r   s t i r r e d   f o r  4   hours  at  30o  C. in  an  aquecus   s o l u t i o n  c o n t a i n i n g   10% 

NaOH  and  10%  Na2S.  The  chips   w e r e  t h e n   f i l t e r e d   off   and washed  w i t h  

water .   Af t e r   the  m a t e r i a l   had  been  a c i d i f i e d   with  a  s o l u t i o n   of  5%  by  

w i e g h t   and  washed  with  water ,   a  p roduc t   IA  was  o b t a i n e d   whose 

ien  exchanging   p r o p e r t i e s   are  given  in  Example  VI  and  Example  IX.  The 

o the r   ha l f   o f  t h e   m a t e r i a l ,  i n s t e a d   of  being  hea ted   i n  a i r ,   was  h e a t e d  

fo r  4   hours  to  90°C.  with  s t i r r i n g   in  the  p re sence   per  pa r t   by  w e i g h t  
of.  g r a n u l e s   of  3  p a r t s   by  w e i g h t  o f   c o n c e n t r a t e d   (95%  by  weight)  s u l -  



phur ic   ac id .   Af ter   the  acid  had  been  washed  out  with  wate r ,   the  same 

t r e a t m e n t   was  c a r r i e d   out  as  d e s c r i b e d   above  for  the  f i r s t   ba tch   o f  

ch ips .   The  ion  exchanging  p r o p e r t i e s   of  t h i s   p roduc t   IB  are  given  i n  

Example  VII  and  Example  IX. 

Example  I I  

Brown  coal   b r i q u e t t e s   were  crushed  and  ground  in to   g ra ins   m e a s u r i n g  

1  to  2  mm. 

Af te r   d ry ing   in  an  oven  at  105o  C.100  p a r t s   by  weight  of  the  g r a i n s  

made  up  of  brown  coal  and  p i t c h   were  mixed  with  50  p a r t s   by  weight  o f  

su lphur   and  i n t r o d u c e d   into  a  r o t a t i n g   s t e e l   oven  whose  t e m p e r a t u r e  

was  r a i s e d   to  350o  C.over  a  pe r iod   of  4  hours .   There  were  o b t a i n e d  

90  p a r t s   by  weight   of  hard  g r a i n s   which  were  hea ted   for  2  hours  a t  
900  C  in  an  aqueous  s o l u t i o n   c o n t a i n i n g   10%  by  weight  of  NaOH. 

The  g r a i n s ,   which  had  s t r o n g l y   swollen  in  the  aqueous  NaOH  s o l u t i o n ,  

were  s u c c e s s i v e l y   washed  with  water  and  a c i d i f i e d   with  d i l u t e   s u l -  

phur ic   acid  (5%  by  weight   of  H2SO4).  Af ter   they  had  again  been  washed 

with  wate r ,   t h e i r   p r o p e r t i e s   were  de t e rmined .   The  r e s u l t s   are  g i v e n  

in  Example  VIII  and  Example  IX. 

Example  I I I  

100  p a r t s   by  weight   of  coal  g r a i n s   ( c o n t a i n i n g   24%  v o l a t i l e   m a t e r i a l )  

measur ing   1  to   2  mm  were  mixed  with  100  p a r t s   by  weight  of  s u l p h u r  

and  s u b s e q u e n t l y   hea ted   for  8  hours  in  a  r o t a t i n g   s t e e l   oven,  w i t h  

the  t e m p e r a t u r e   being  g r a d u a l l y   r a i s e d   from  120°C  t o   300° C. 

Af te r   coo l ing   i t   was  found  t h a t   the  y i e l d   of  s u l p n a f f z e a .  

g r a i n s   was  115  p a r t s   by  weight .   The  g r a i n s   were  then  t r e a t e d   a u t o  

c lave   for  4  hours  at  180 0  C. with  an  aqueous  s c r a t i o n   c o n t a i n i n g   NaOH 

and  10%  Na2S.  The  r e s u l t i n g   m a t e r i a l   was  a c i d i f i e d ,   washed  and  s i e v e d  

to  r e t a i n   a  p a r t i c l e   s ize   of  0.5  to  1.5  mm.  The  r e s u l t s   are  given  i n  

Example  IX. 

Example  IV 

100  p a r t s   by  weight  of  the  same  1-2  mm  c o a l  

I I I   were,  while  in  t h e  f l u i d i z e d   s t a t e ,   heated  an 

at  a  t e m p e r a t u r e   of  about  300°  C. 

S u b s e q u e n t l y ;   100  p a r t s   by  we igh t   of  s u b l i m e d .   and 



the  mix tu re   thus  o b t a i n e d   was  hea ted   for   4  hours  at  300°  C.  F i n a l l y ,  

the  r e s u l t i n g   g r a i n s   were  s t i l l   hea ted   for  5  hours  at  90  C.wi th   an  

aqueous  s o l u t i o n   of  10%  by  weight   NaOH  and  10%  by  weight   Na2S.  N e x t ,  

a s  i n   E x a m p l e  I I I ,   the  g r a i n s   were  s u c c e s s i v e l y   washed  with  w a t e r ,  

excess   acid  and  w a t e r .  

The  r e s u l t s   are  given  in  Example  IX.  

E x a m p l e  V  
100  a r t s   by  weight   of  a s p h a l t   were  hea ted ,   w i t h  s t i r r i n g ,   with  100 

p a r t s   by  weight  of  s u l p h u r .   At a  t e m p e r a t u r e   of  200°  C.H2S  e s c a p e d .  

U p o n  c o n t i n u e d   hea t i ng   to  260° C  t h e  v i s c o s i t y   of  the  mass  i n c r e a s e d .  

4   hours  the  mass  was  l e f t   to  cool  down,  fo l lowed  by  c r u s h i n g  

i t  i n t o   g r a i n s   measur ing  0.5  to  1.5  mm.  S u b s e q u e n t l y ,   100  p a r t s   by  

weight   of  the  s u l p h u r i z e d   m a t e r i a l   were  t r e a t e d   for  16  hours  at  100°  C. 

with  200  p a r t s   by  weight   of  96%  by  weight   H2SO4.  Af te r   the  m a t e r i a l  

had  been  cooled  and  the  c o n c e n t r a t e d   H2SO4  been  c e n t r i f u g e d   o f f ,   i t  

was  washed  with  water  u n t i l   acid  f ree   and  t r e a t e d   with  an  a q u e o u s  

NaOH/Na2S  s o l u t i o n  i n   the  way  i n d i c a t e d   in  Example  IV.  NaOH/Na2 S  s o l u t i o n   in  the  way  i n d i c a t e d   in  Example  IV.  

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

groups  in  an  amount  of  a s  l i t t l e   as  5 0  m e q / l .   When  25  ml  of  g r a i n s  

had  been  i n t r o d u c e d   in to   a  20  cm  column,  they  were  found  capable   o f  

so rb ing   a l l   s i l v e r   from  a  f i x i n g   bath  c o n t a i n i n g   1  g  Aq  per  l i t r e .  

Example  VI 

To  i l l u s t r a t e   the  s t rong   metal   a d s o r b i n g   c a p a c i t y   of  the  m a t e r i a l  

p r epa red   by  the  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   the  p r o d u c t   p r e p a r e d  

in  Example  I  A  was  t e s t e d   for  i t s   c a p a c i t y   of  r e t a i n i n g   mercury  from  a 

Hg Cl4  i o n s - c o n t a i n i n g  s o l u t i o n .  Hg  Cl4  2 -  i o n s - c o n t a i n i n g   s o l u t i o n .  

Through  a  co lumn of   the  p roduc t   p r epa red   in  Example  I  A  20  cm  in  b e d  

w e i g h t  a n d   h a v i n g  a   bed  volume  of  25  ml  t he re   was  passed  an  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   100  mg  Hg 2+ and  10 grammes  of  NaCl  per  l i t r e .  

Over  a  p e r i o d  o f   30  hours  10  t i t r e s   of  400  bed  volumes  of  t h i s   s o l u t i o n  

were  passed  through  the  column.  Next,  i t   was  found  upon  a n a l y s i s   by  f l a m e  

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

1  ppb  (par t   per  b i l l i o n )   of  mercury .  Compara t ive   expe r imen t s   in  w h i c h  

use  was   made  of  frown  coal  b r i q u e t t e s   ( p a r t i c l e   s ize   0.5  to  1.5  mm) 

t r e a t e d   with  an  aqueous  s o l u t i o n   of NaOH  and  of  coal  g r a i n s   a l s o  

a r ea t ed   with  such  a  s o l u t i o n   a n d  f l u i d i z e d   in  a i r   ("Oxycoal")   y i e l d e d  



These  m a t e r i a l s ,   however,  were  not  capable   of  r e t a i n i n g   m e r c u r y  
a  Hg  Cl4  i o n s - c o n t a i n i n g   s o l u t i o n .  

This  c a p a c i t y   is  not  ob t a ined   u n t i l   the  m a t e r i a l   has  been  s u l p n e u m a  

Example  VI I  

The  p r o d u c t   p r e p a r e d   in  Example  I  B  was  i n t r o d u c e d   into  a  2 0  c m  

as  used  in  Example  VI.  Through  the  column  there   was  passed  a  s u l c h i r i e  

acid  s o l u t i o n   (pH  =  1)  c o n t a i n i n g   chromium  in  the  form  of  C r o .  

in  an  amount  of  35  mg/l .   After   the  passage  of  20  l i t r e s   or  800 

volumes  the  yel low  s o l u t i o n   was  s t i l l   found  to  get  e n t i r e l y  

Example  V I I I  

25  ml  of  g r a n u l a r   m a t e r i a l   p r epa red   in  the  way  d e s c r i b e d   in  Example 
It  were  i n t r o d u c e d   into  a  20  cm  column,  as  used  in  Example  V I  

Through  the  column  the re   was  passed  a  s o l u t i o n   of  1  mg  Cu  p e r  

in  25%  by  weight   s u l p h u r i c   ac id .   Af ter   a  passage   of  40  bed  volumes  

over  a  pe r iod   of  8  hours  no  copper  could  be  found  in  the  e f f w e n s  o f  

the  co lumn.  

The  s o l u t i o n   was  s u b s e q u e n t l y   r ep l aced   by  a  5%  s u l p h u r i e   a c i d  

c o n t a i n i n g   about  100  mg  Ag  per  l i t r e .  

Here  too,  a f t e r   a  passage   of  1  l i t r e   over  a  pe r iod   of  9  h o u r s ,  
s i l v e r   could  be  d e t e c t e d   in  the  e f f l u e n t   of  the  c o l u m n ,  F i n a l l y ,  
the  s i l v e r   s o l u t i o n   was  r e p l a c e d   by  a  s u l p h u r i c   acid  gold  s o l u t i o n  

(about  100  Au 3+  p e r  l i t r e ) .   Af ter   1  l i t r e   o f  t h i s   solution  nad (about  100 mg  Au  per  l i t r e )  .   Af ter   l i t r e   of  t h i s   s o l u t i o n  n a d  

been  passed  through  over  a  pe r iod   of  8  hours ,   th is   metal   i o n  

found  to  be  comple t e ly   adsorbed .   The  s o r p t i o n s   were  a t t e n d e d  

r e d u c t i o n   of  the  metal   i o n s .  

Example  IX 

The  p r o d u c t s   p r epa red   in  the  Examples I  A,  I  B,  II ,   I I I ,   IV  and  

were  t e s t e d   for  t h e i r   c a p a c i t y   of  sorbing  H g   2+ from  a  s o l u t i o n  

per  l i t r e   c o n t a i n e d   S  grammes  of  mercury  in  the  form  of HgCl, 

aqueous  s o l u t i o n   of  30  grammes  of  NaCl  per  l i t r e .   The  p e r c e a r a g e  
c o n t e n t   ment ioned  in  the  t ab le   below  were  de te rmined   in  t h e  

The  c a p a c i t i e s   were  de te rmined   by  pass ing   the  sub l imate   s o l u t i o n  

a  20  cm  column  packed  with  25  ml  of  adsorbing  m a t e r i a l ,  

Loading  was  not  t e r m i n a t e d   u n t i l   the  mercury  m e a l a g e  w a s  

50%. 





1.  A  p roce s s   for  the  p r e p a r a t i o n   of  a  s o l i d   c a r b o n - c o n t a  

having  a  s o r p t i o n   c a p a c i t y   for  metal   ions ,   c h a r a c t e r i z e d  

c a r b o n - c o n t a i n i n g   s t a r t i n g   m a t e r i a l   is  mixed  with  s u l p s h c  

r e s u l t i n g   mix ture   is  hea ted   for  some  time  to  a  t empera tu re   in 

range  of  about  120°  to  500°C,  and  s u b s e q u e n t l y   t r e a t e d   w i t h  

aqueous  s o l u t i o n   of  an  a l k a l i   m e t a l  h y d r o x i d e   at  a  t e m p e r a t u r e  
not  h igher   than  about  200°C. 

2.  A  p roce s s   accord ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   in  whe 

aqueous  s o l u t i o n   used  the re   is  a lso  d i s s o l v e d   an  a l k a l i   m e t a l  

s u l p h i d e .  

3.  A  p roces s   accord ing   to  claim  1,  c h a r a c t e r i z e d   in  t h a t   before   en 

a f t e r   the  thermal   t r e a t m e n t   the  s t a r t i n g   m a t e r i a l   is  s u b j e s t e d  

to  a  t r e a t m e n t   with  s u l p h u r i c   acid  or  oleum  or  heated   in  t h e  

p re sence   of  a i r   or  some  o ther   o x y g e n - c o n t a i n i n g   g a s .  
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