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©  PROCESS  FOR  REDUCING.  AND  RECLAIMING  ELECTROLYTE  CONTAINING  TIN  SALT. 

Process  for  reclaiming  stannous  ion  by  reducing  the 
same  in  an  electrolyte  to  stannic  ion  through  a  simple 
operation  in  a  short  period  of  time,  which  comprises  the 
steps  of  preparing  the  electrolyte  in  an  acidic  range  as 
required  and  then  adding  metallic  tin  to  the  electrolyte  and 
heating  the  mixture,  in  order  to  reduce  the  stannous  ion 
oxidized  in  the  electrolyte  containing  tin  salt  to  obtain  a 
stable  electrolyte  treated  product.  This  process  may  be 
utilized  particularly  for  effectively  reducing  and  reclaiming 
an  electrolyte  which  contains  tin  salt  used  for  electrolytically 
coloring  aluminum. 



T e c h n i c a l   F i e l d   of  t h e   I n v e n t i o n  

T h i s   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   r e d u c t i o n  

r e g e n e r a t i o n   of   an  e l e c t r o - p l a t i n g   b a t h   or   a  c o l o r i n g   e l e c t r o -  

l y t e   f o r   a l u m i n u m   and  more   p a r t i c u l a r l y   to   a  p r o c e s s   f o r   t h e  

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

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

l i c   t i n   t o   t h e   u s e d   or  o l d   e l e c t r o l y t e .  

B a c k g r o u n d   of   t h e   I n v e n t i o n  

A  t i n   s a l t   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   s t a n n o u s   i o n s  

(Sn2+)  i s   g e n e r a l l y   u s e d   as  an  e l e c t r o l y t e   c o n t a i n i n g   t i n  

i o n s .   T h i s   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   s t a n n o u s   i o n s   i s  

v e r y   u n s t a b l e   s i n c e   s t a n n o u s   i o n s   a r e   e a s i l y   o x i d i z e d   i n t o  

s t a n n i c   i o n s   (Sn4+)   by  o x y g e n . i n   t h e   a i r   or   o x y g e n   g e n e r a t e d  

d u r i n g   e l e c t r o l y s i s .  

As  s u c h   s t a n n i c   i o n s   fo rm  in  t h e   e l e c t r o l y t e ,   t h e   c o n -  

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

t h e   c u r r e n t   e f f i c i e n c y   of  e l e c t r o l y s i s   i s   r e d u c e d .   F u r t h e r -  

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

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

w h i c h   a r e   l i k e l y   to   become   c o l l o i d s   and  t h e r e f o r e   g r e a t   d i f -  

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

by  f i l t e r a t i o n .   T h e s e   i n s o l u b l e   s u b s t a n c e s   a t t a c h   o n t o   t h e  

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

T h e r e f o r e ,   in   o r d e r   to  o b t a i n   good   q u a l i t y   p r o d u c t s ,   i t  

i s   e s s e n t i a l   to   c o n t r o l   t h e   c o n c e n t r a t i o n   of  s t a n n i c   i o n s   i n  

t h e   e l e c t r o l y t e .  



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

f o r m i n g ,   i t   i s   e f f e c t i v e   to  add  a  c h e l a t i n g   a g e n t   to   t h e  

e l e c t r o l y t e   to   d i s s o l v e   Sn4+.   In  t h i s   c a s e ,   h o w e v e r ,   S n 4 +  

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

in   t h e   c o n c e n t r a t i o n   of  Sn4+  a n d ,   as  a  r e s u l t ,   e l e c t r o l y t i c  

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

T h e r e f o r e ,   a  t i n   s a l t   a q u e o u s   s o l u t i o n   in  w h i c h   t h e   c o n c e n t r a -  

t i o n   of  s t a n n i c   i o n s   has   i n c r e a s e d   by  o x i d a t i o n   h a s   had   to   b e  

a b a n d o n e d .  

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

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

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

P a t e n t   P u b l i c a t i o n   No.  1 9 8 5 6 / 1 9 7 8 .   In  a c c o r d a n c e   w i t h   t h i s  

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

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

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

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

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

and  e q u i p m e n t   and  o p e r a t i o n   c o s t s   a r e   i n c r e a s e d .  

A d d i t i o n a l l y ,   as  t h e   r e g e n e r a t i o n   m e t h o d   of   an  e l e c t r o -  

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

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

c a r r i e d   o u t .   A c c o r d i n g   to   t h i s   m e t h o d ,   h o w e v e r ,   s i n c e   t h e  

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

may  e x e r t   bad   i n f l u e n c e s   on  e l e c t r o l y t i c   p r o c e s s i n g .   I t   i s ,  

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

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

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



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

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

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

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

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

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

to   t h e   e l e c t r o l y t e ,   as  n e c e s s a r y ,   a f t e r   t h e   pH  of   t h e   e l e c t r o -  

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

t i n   and  s t a n n i c   i o n s   u n d e r g o   t h e   o x i d a t i o n - r e d u c t i o n   r e a c t i o n ,  

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

D i s c l o s u r e   of   t h e   I n v e n t i o n  

T h i s   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 h e   r e g e n e r a t i o n  

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

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

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

. t i n   i s   a d d e d   to   t h e   e l e c t r o l y t e   as  i t   i s   or   a f t e r   t h e   pH  o f  

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

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

In  a c c o r d a n c e   w i t h   t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,   t h e  

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

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

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

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

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

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

be  r e - u s e d .  



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

t h e   e l e c t r o l y t e   can  be  r e p e a t e d l y   u s e d   by  r e c y c l i n g .   F u r t h e r -  

m o r e ,   in  a c c o r d a n c e   w i t h   t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,   t h e  

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

s i n g   t i m e   can  be  g r e a t l y   s h o r t e n e d .   Fo r   e x a m p l e ,   in  t h e  

m e t h o d   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  1 9 8 5 6 /  

1 9 7 8 ,   t h e   t i m e   r e q u i r e d   f o r   t h e   r e d u c t i o n   of   t h e   s t a n n i c   i o n s  

i s   6  h o u r s   or  more   w h e r e a s   in   t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,  

i t   i s   1  h o u r   or   l e s s   and   u s u a l l y   s u f f i c i e n t   to   be  a b o u t   30  

m i n u t e s .  

A d d i t i o n a l l y ,   e q u i p m e n t   and   o p e r a t i o n   c o s t s   can   be  l e s s -  

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

r e g e n e r a t e d   e l e c t r o l y t e   can   be  s t a b i l i z e d .  

P r e f e r r e d   E m b o d i m e n t s   o f   t h e   I n v e n t i o n  

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

no  s p e c i a l   l i m i t a t i o n s   so  l o n g   as  i t   c o n t a i n s   t i n   s a l t s .   I n  

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

i o n s   and  t h e r e   a r e   a l m o s t   no  s t a n n i c   i o n s .   As  t h e   e l e c t r o -  

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

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

The  p r o c e s s   of  t h i s   i n v e n t i o n   i s   a p p l i e d   to  an  e l e c t r o -  

l y t e   in   w h i c h   t h e   c o n c e n t r a t i o n   of   s t a n n i c   i o n s   has   i n c r e a s e d  

to   a  c e r t a i n   e x t e n t ,   f o r   e x a m p l e ,   t h e   r a t i o   of   S n 4 + / S n 2 +   h a s  

r e a c h e d   1 /2   or  m o r e .   In  g e n e r a l ,   t h e   e l e c t r o l y t e   c o n t a i n s   a  

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

in  t h e   s t a t e   t h a t   t h e y   a r e   d i s s o l v e d .  

H e r e i n a f t e r   t h e   p r o c e s s   of  t h i s   i n v e n t i o n   w i l l   be  e x p l a i n e d  

in  g r e a t e r   d e t a i l :  



F i r s t ,   t h e   pH  of  t h e   e l e c t r o l y t e   i s   c o n t r o l l e d   to   t h e  

a c i d i c   r e g i o n .   T h i s  c o n t r o l   i s   n o t   a l w a y s   r e q u i r e d   when  t h e  

pH  of   t h e   e l e c t r o l y t e   i s   a l r e a d y   in  t h e   a c i d i c   r e g i o n .  

H o w e v e r ,   when  i t   i s   weak   a c i d i c   or  a l k a l i n e   i t   i s   n e c e s s a r y  

to   l o w e r   t h e   pH  t o   t h e   a c i d i c   r e g i o n .  

T h i s   c o n t r o l   in   t h e   pH  of  t h e   e l e c t r o l y t e   i s   g e n e r a l l y  

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

a n i o n s   as  t h o s e   e x i s i t i n g   in   t h e   e l e c t r o l y t e ,   s u c h   as  s u l -  

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

p y r o p h o s p h o r i c   a c i d   or   v a r i o u s   o r g a n i c   a c i d s   can   be  u s e d  

s i n g l y   or   in  a d m i x t u r e s   c o m p r i s i n g   two  or  more   t h e r e o f .   I n  

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

The  pH  of  t h e   e l e c t r o l y t e   i s   u s u a l l y   c o n t r o l l e d   to  4  o r  

l e s s   and  p r e f e r a b l y   to   t h e   r a n g e   of  f r o m   0 .5   to   2.  Where   t h e  

pH  i s   t o o   low,   t h e   r e d u c t i o n   r a t e   of  s t a n n i c   i o n s   i s  s o m e w h a t  

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

o t h e r   h a n d ,   w h e r e   t h e   pH  e x c e e d s   4,  m e t a l l i c   t i n   i s   l e s s   d i s -  

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

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

of  w h i c h   t h e   pH  has   b e e n   c o n t r o l l e d   to   t h e   a c i d i c   r e g i o n   a n d  

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

p r e f e r r e d . t o   add   m e t a l l i c   t i n   h a v i n g   h i g h   a c t i v i t y .   F o r  

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

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

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

can   be  p r o d u c e d   as  f o l l o w s :  

An  a c i d i c   s o l u t i o n   ( e . g . ,   an  e l e c t r o - p l a t i n g   s o l u t i o n  

or  a  c o l o r i n g   e l e c t r o l y t e   f o r   a l u m i n u m )   c o n t a i n i n g   s t a n n o u s  



i o n s   a n d / o r   s t a n n i c   i o n s   i s   u s e d   as  an  e l e c t r o l y t e   a n d  a  d i r e c t  

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

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

c a t h o d e   w h e r e b y   t i n   i o n s   ( S n 2 + ,   Sn4+)  a r e   d e p o s i t e d   as  m e t a l -  

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

a  s p o n g e   f o r m ,   h a 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   and   can   b e  

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

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

is   n o t   l i m i t e d   and  can   be  s u i t a b l y   d e t e r m i n e d   d e p e n d i n g   u p o n  

t h e   c o n c e n t r a t i o n   of  s t a n n i c   i o n s   in   t h e   e l e c t r o l y t e ,   t h e  

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

i t   s h o u l d   be  a b o u t   1  to   10  t i m e   m o l e s   of   t h e   a m o u n t   r e q u i r e d  

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

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

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

be  s e p a r a t e d .   T h e r e f o r e ,   i t   i m p o s e s   no  s p e c i f i c   h i n d r a n c e  

o n t o   t h e   e l e c t r o l y t e   and  t h e   m e t a l l i c   t i n   so  s e p a r a t e d   can   b e  

r e - u s e d   as  i t   i s .  

In  t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,   i t   i s   r e q u i r e d   to   h e a t  

t h e   e l e c t r o l y t e   t o   w h i c h   t h e   m e t a l l i c   t i n   has   b e e n   a d d e d .   T h e  

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

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

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

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

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

h e a t   t h e   e l e c t r o l y t e .   However . ,   w h e r e   t h e   e l e c t r o l y t e   may  b e  

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



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

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

i s  g e n e r a l l y   s e t   in  t h e   r a n g e   of   f r o m   80°C  to  t h e   b o i l i n g  

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

W i t h   r e g a r d  t o   t h e   h e a t i n g   t i m e ,   i t   i s   s u f f i c i e n t   t h a t  

t h e   r e d u c t i o n   r e a c t i o n   p r o c e e d s   to   t h e   d e s i r e d   e x t e n t .   W h i l e  

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

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

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

s u f f i c i e n t   to   be  1  h o u r   or   l e s s .  

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

v e n t i o n   in   g r e a t e r   d e t a i l .   In  t h e s e   e x a m p l e s ,   t h e   c o n c e n t r a -  

t i o n   of   s t a n n i c   s u l f a t e   i s   shown  as  a  c o n c e n t r a t i o n   c o n v e r t e d  

to   S n S O 4 .  

E x a m p l e  1  

( 1 )  P r o d u c t i o n   of  M e t a l l i c   T i n  

A   d i r e c t   c u r r e n t  w a s   p a s s e d   t h r o u g h   an  o l d   or  u s e d   c o l o r -  

i n g   e l e c t r o l y t e   f o r   a l u m i n u m   c o n s i s t i n g   of  9 . 0   g r a m s / l i t e r   o f  

s t a n n o u s   s u l f a t e ,   1 1 . 1  g r a m s / l i t e r   of   s t a n n i c   s u l f a t e ,   70  

g r a m s / l i t e r   of  c i t r i c   a c i d   and  20  g r a m s / l i t e r   of   s u l f u r i c   a c i d  

and  h a v i n g   a  pH   of  1 .5   w i t h   t i n   and  s t a i n l e s s   s t e e l   as  a n o d e  

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

on  t h e   c a t h o d e .  

(2)  R e g e n e r a t i o n   by  r e d u c i n g  

To  an  o l d   or  u s e d   c o l o r i n g   e l e c t r o l y t e   f o r   a l u m i n u m   c o n -  

s i s t i n g   of   4 . 0   g r a m s / l i t e r   of  s t a n n o u s   s u l f a t e ,   1 5 . 1   g r a m s /  

l i t e r   of  s t a n n i c   s u l f a t e ,   30  g r a m s / l i t e r   of  t a r t a r i c   a c i d ,  



30  g r a m s / l i t e r   of   n i c k e l   s u l f a t e  a n d   20  g r a m s / l i t e r   of   a m m o n i u m  

s u l f a t e   and  h a v i n g   a  pH  of   7 . 5   was  a d d e d   40  g r a m s / l i t e r   of   s u l -  

f u r i c   a c i d   to   a d j u s t   t h e   pH  to  0 . 9 .   T h e r e a f t e r ,   1 8  g r a m s / l i t e r  

o f   t h e   s p o n g e - l i k e   m e t a l l i c   t i n   as  o b t a i n e d   in   (1)  was  a d d e d  

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

f o r   20  m i n u t e s   a t   1 0 0 ° C .   A f t e r   h e a t i n g , t h e   o b t a i n e d   e l e c t r o -  

l y t e   c o n t a i n e d   2 1 . 2   g r a m s / l i t e r   o f   s t a n n o u s   s u l f a t e - a n d   0 . 7  

g r a m / l i t e r   of   s t a n n i c   s u l f a t e .  

E x a m p l e   2 

To  an  o l d   o r   u s e d   n e u t r a l   t i n   e l e c t r o - p l a t i n g   s o l u t i o n  

c o n s i s t i n g   of   41  g r a m s / l i t e r   of   s t a n n o u s   s u l f a t e ,   89  g r a m s /  

l i t e r   of   s t a n n i c   s u l f a t e ,   150  g r a m s / l i t e r   o f   ammonium  c i t r a t e  

and  1 0 0  g r a m s / l i t e r   of   ammonium  s u l f a t e   and   h a v i n g   a . pH   o f  

6 .5   was  a d d e d   60  g r a m s / l i t e r   of   s u l f u r i c   a c i d   to   a d j u s t   t h e  

pH  to   0 . 7 .   T h e r e a f t e r ,   148  g r a m s / l i t e r   o f   t h e   s p o n g e - l i k e  

m e t a l l i c   t i n   as  o b t a i n e d   in   E x a m p l e   1  was  a d d e d   to   t h e   p l a t -  

ing   s o l u t i o n   and  t h e   r e s u l t i n g   m i x t u r e   was  h e a t e d   a t   96°C  f o r  

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

t a i n e d   2 2 2  g r a m s / l i t e r   of   s t a n n o u s   s u l f a t e   and   8  g r a m s / l i t e r  

of   s t a n n i c   s u l f a t e .  

E x a m p l e   3 

To  an  o l d   or   u s e d   l u s t r o u s   t i n - c o b a l t   e l e c t r o - p l a t i n g  

s o l u t i o n   c o n s i s t i n g   of   10  g r a m s / l i t e r   of  s t a n n o u s   s u l f a t e ,  

10  g r a m s / l i t e r   of   s t a n n i c   s u l f a t e ,   50  g r a m s / l i t e r   of   c o b a l t  

s u l f a t e   and  200  g r a m s / l i t e r   of  s o d i u m   p y r o p h o s p h a t e   was  a d d e d  

60  g r a m s / l i t e r   o f   s u l f u r i c   a c i d .   T h e r e a f t e r ,   1 0 . 7   g r a m s / l i t e r  



of  t h e   s p o n g e - l i k e   m e t a l l i c   t i n   as  o b t a i n e d   in   E x a m p l e   1  w a s  

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

h e a t e d   a t   100°C  f o r   10  m i n u t e s .   A f t e r   h e a t i n g ,   t h e   o b t a i n e d  

p l a t i n g   s o l u t i o n   c o n t a i n e d   21  g r a m s / l i t e r   of   s t a n n o u s   s u l f a t e  

and  4  g r a m s / l i t e r   of  s t a n n i c  s u l f a t e .  

E x a m p l e   4  . 

To  an  o l d   or   u s e d  c o l o r i n g   e l e c t r o l y t e   f o r   a l u m i n u m   c o n -  

s i s t i n g   of   9 .0   g r a m s / l i t e r   of  s t a n n o u s   s u l f a t e ,   11  g r a m s / l i t e r  

of   s t a n n i c   s u l f a t e ,   70  g r a m s / l i t e r  o f   c i t r i c   a c i d   and  20  g r a m s /  

l i t e r   of   s u l f u r i c   a c i d   and  h a v i n g   a  pH  o f   1 . 5   was  a d d e d   2 1 . 4  

g r a m s / l i t e r   of   t h e   s p o n g e - l i k e   m e t a l l i c   t i n   as  o b t a i n e d   i n  

E x a m p l e   1.  The  r e s u l t i n g   m i x t u r e   was  h e a t e d   a t   98°C  f o r   10  

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

30  g r a m s / l i t e r   of  s t a n n o u s   s u l f a t e   and  4  g r a m s / l i t e r   of  s t a n n i c  

s u l f a t e .  

E x a m p l e  5  

The  p r o c e d u r e   of  E x a m p l e   4  w a s   r e p e a t e d   e x c e p t   t h a t   1 0 0  

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

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

e l e c t r o l y t e   c o n t a i n e d   1 1 . 5   g r a m s / l i t e r   of   s t a n n o u s   s u l f a t e  

and  9  g r a m s / l i t e r   of  s t a n n i c   s u l f a t e .  

C o m m e r c i a l   U t i l i z a t i o n  

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

r e g e n e r a t i o n   of  an  e l e c t r o - p l a t i n g   b a t h   or   a  c o l o r i n g   e l e c t r o -  

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



1.  In  a  p r o c e s s   f o r   r e g e n e r a t i n g   an  e l e c t r o l y t e   c o n t a i n i n g  

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

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

l y t e   and  h e a t i n g   t h e   r e s u l t i n g   m i x t u r e .  

2.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1  w h e r e i n   a f t e r   t h e  

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

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