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Q>j)  Zinc  plating  baths  and  additives  therefor. 
An  alkaline,  cyanide-free  zinc  plating  bath  contains  a 

betaine  such  as  N-benzyl  pyridinium  betaine  and  a  reaction 
product  of  an  epihalohydrin  and  a  heterocyclic  nitrogen  com- 
pound  such  as  imidazole. 



This  i nven t ion   r e l a t e s   to  zinc  p l a t i n g   baths  and  a d d i t i v e s  

t h e r e f o r   and  in  p a r t i c u l a r   a l k a l i n e   aqueous  p l a t i ng   baths  for  t h e  

e l e c t r o d e p o s i t i o n   of  z i n c .  

Alka l ine   zinc  p l a t i n g   baths  used  to  contain  cyanide  and  gave 

b r i g h t   zinc  d e p o s i t s ,   but  because  of  t o x i c i t y   problems  p r e sen t   day 

baths  tend  to  be  cyanide  f r ee ,   and  these  give  less  s a t i s f a c t o r y  

d e p o s i t s .   Many  a d d i t i v e s   have  been  proposed  to  improve  the  d e p o s i t s  

from  cyanide  free  a l k a l i n e   zinc  p l a t i n g   baths .   Among  t h e s e  

a d d i t i v e s   are  a romat ic   a ldehydes   and  ke tones ,   po lya lky l ene   g l y c o l s ,  

polyamines ,   sulphones   and  s u l p h o n a t e s ,   po lyphospha te s ,   s i l i c a t e s ,  

Group  VI  and  Group  VII  metals  and  r e a c t i o n   products   of  a  compound 

compris ing  a  h e t e r o c y c l i c   ring  with  at  l e a s t   2  ring  n i t rogen   a t o m s ,  

and  an  e p i h a l o g e n o h y d r i n   (see  BP  1553265) .  

We  have  found  tha t   adding  to  an  a l k a l i n e ,   p r e f e r a b l y   c y a n i d e -  

f r ee ,   zinc  p l a t i n g   bath  (a)  a  be t a ine   c o n t a i n i n g   a  q u a t e r n a r y  

n i t rogen   atom  and  a  c a rboxy l i c   or  su lphonic   acid  group  and  (b)  a 

r e a c t i o n   product   of  an  e p i h a l o h y d r i n   with  a  h e t e r o c y c l i c   compound 

c o n t a i n i n g   a  n i t rogen   ring  atom  can  give  a  bath  which  may  p roduce  

b r i g h t ,   d u c t i l e   zinc  depos i t s   over  a  wide  range  of  c u r r e n t  

d e n s i t i e s .  

Addi t ives   (a)  and  (b)  appear  to  work  toge the r   in  a  s y n e r g i s t i c  

fashion  s ince  n e i t h e r   a d d i t i v e   a lone ,   when  added  to  an  a l k a l i n e  

cyanide  free  zinc  p l a t i n g   bath,   produces  b r igh t   zinc  depos i t s   o v e r  

a  wide  range  of  c u r r e n t   d e n s i t i e s .  

Our  i nven t ion   t h e r e f o r e   p rovides   according  to  a  f i r s t   a s p e c t  

a  b r i g h t e n i n g   composi t ion   for  a  zinc  p l a t i n g   bath  compris ing  (a)  a 

be ta ine   c o n t a i n i n g   a  qua te rna ry   n i t rogen   atom  and  a  c a r b o x y l i c   o r  

su lphonic   acid  group  and  (b)  a  r e a c t i o n   product   of  an  e p i h a l o h y d r i n  

and  a  h e t e r o c y c l i c   compound  c o n t a i n i n g   a  n i t rogen  ring  atom. 

The  be t a ine   is  an  organic   compound  which  is  an  i n t e r n a l   s a l t  

having  a  z w i t t e r i o n i c ,   polar  c h a r a c t e r   so  that   it  has  a  c a t i o n i c  



group  and  an  an ion ic   group  wi th in   i t s   molecule .   The  c a t i o n i c   g roup  

is  a  qua t e rna ry   n i t r ogen   atom.  The  an ionic   group  is  a  c a r b o x y l i c  

or  su lphonic   acid  group  which  is  j o ined   to  the  q u a t e r n a r y   n i t r o g e n  

atom  via  at  l e a s t   one  carbon  atom  and  usua l ly   via  a  chain  of  up 
to  six  carbon  a toms .  

The  qua t e rna ry   n i t r o g e n   atom  t y p i c a l l y   forms  part   of  a  f i v e -  

membered  or  p r e f e r a b l y   s ix-membered  h e t e r o c y c l i c   r ing  which  i s  

usua l ly   u n s a t u r a t e d ,   p r e f e r a b l y   aromatic   and  may  have  two 

n i t rogen   ring  atoms  as  in  imidazo l in ium  and  pyraz in ium  compounds  o r  

p r e f e r a b l y   one  n i t rogen   ring  atom  as  in  pyr ro l ium  and  p y r i d i n i u m  

compounds,  al l   o ther   atoms  in  the  h e t e r o c y c l i c   r ing  being  p r e f e r a b l y  

carbon  atoms.  The  b e t a i n e   may  conta in   a t t ached   to  the  h e t e r o c y c l i c  

r ing ,   e s p e c i a l l y   in  a  fused  r e l a t i o n s h i p   t h e r e t o ,   a  c a r b o c y c l i c  

r ing,   p r e f e r a b l y   s ix-membered,   e s p e c i a l l y   u n s a t u r a t e d ,   e.g.  an 

aromat ic   ring  as  in  a  b e t a i n e   der ived   from  benz imidazo le   o r  

qu inoxa l i ne   or  more  p r e f e r a b l y   from  indo le ,   q u i n o l i n e   o r  

i s o q u i n o l i n e .   It  is  p r e f e r r e d ,   however,  t ha t   the  be ta ine   conta in   no 

ring  o ther   than  the  said  h e t e r o c y c l i c   r ing.   One  or  more  carbon  r i n g  

atoms  in  the  be t a ine   may  each  be  s u b s t i t u t e d   by  a  group  such  a s :  

hydroxide ;   cyanide ;   amino  or  amido,  o p t i o n a l l y   s u b s t i t u t e d   by  an 

alkyl  group  having  from  one  to  four  carbon  atoms;  hydrazino  o r  

hydraz ido ;   h a l i d e ,   e .g.   bromide  or  c h l o r i d e ;   a l k y l ,   alkenyl  o r  

a lkyny l ,   each  p r e f e r a b l y   of  1-6  carbon  atoms,  e .g .   methyl,   e t h y l ,  

propyl ,   v inyl ,   or  a l l y l ;   c a r b o x y l i c   acid;   c a r b o x y l i c   e s t e r   of  an 

alkyl  group  having  from  one  to  four  carbon  atoms.  P r e f e r r e d  

be t a ines   are  q u a t e r n a r y   d e r i v a t i v e s   of  py r id ine   compounds  such  a s ,  
for  example,  p y r i d i n e ,   4 - c y a n o p y r i d i n e ,   p i c o l i n i c   ac id ,   2 - p i c o l i n e ,  

n i co t inamide   and  butyl  n i c o t i n a t e .  

The  c a r b o x y l i c   or  su lphonic   acid  group  may  be  jo ined  d i r e c t l y  

to  a  carbon  r ing  atom  e i t h e r   in  the  said  h e t e r o c y c l i c   ring  or,  l e s s  

p r e f e r a b l y ,   in  any  c a r b o c y c l i c   ring  which  may  be  a t t ached   t h e r e t o .  

A l t e r n a t i v e l y ,   the  acid  group  may  be  a  s u b s t i t u e n t   in  an  alkyl  g roup  



which  is  j o ined   d i r e c t l y   to  the  qua t e rna ry   n i t r o g e n   atom.  Examples 

of  be t a ines   which  have  the  acid  group  jo ined   to  the  h e t e r o c y c l i c  

r ing  at  the  q u a t e r n a r y   n i t rogen   atom  are  i s o q u i n o l i n e   N-beta ine   and 

indole   N-propyl  s u l p h o b e t a i n e .   P r e f e r r e d   pyr id in ium  b e t a i n e s  

inc lude   propyl  n i c o t i n a t e   N-betaine  and  4 - p i c o l i n e   N-buty l  

s u l p h o b e t a i n e .   Ins t ead   of  or  in  add i t i on   to  the  acid  group  t h e r e  

may  be  jo ined   to  the  qua t e rna ry   n i t rogen   atom  a  hydrocarbon  g r o u p ,  

g e n e r a l l y   a  monovalent   group  such  as  an  a lky l ,   alkenyl  or  a l k y n y l  

group  u sua l ly   having  from  one  to  four  carbon  atoms,  e .g .   methyl  o r  

a l l y l ,   an  a ra lky l   group  e .g.   of  7  to  19  carbon  atoms  such  as  b e n z y l ,  

or  l ess   p r e f e r a b l y   an  aryl  group  e.g.   an  a romat ic   hydrocarbyl   group 

of  6  to  18  carbon  atoms  such  as  phenyl.  The  hydrocarbon  group  may 
be  a  d i v a l e n t   group  such  as  an  a lky lene   or  a r a l k y l e n e   group  e . g .  

methylene  or  xy ly lene   which  jo ins   two  h e t e r o c y c l i c   r ings  in  a  b i s  

q u a t e r n a r y   such  as  p a r a - x y l y l e n e   bis  ( p y r i d i n e   3 - c a r b o x y l a t e ) .   The 

hydrocarbon  group  may  be  u n s u b s t i t u t e d   or  may  be  s u b s t i t u t e d   by  one 

or  more  groups  such  a s  a l k y l   or  alkoxy  having  from  one  to  f o u r  

carbon  atoms,  phenyl,   halogen,   hydroxy  and  cyanide .   Examples  o f  

monovalent   o p t i o n a l l y   s u b s t i t u t e d   hydrocarbon  groups  are  4 -methyl  

benzyl ,   4 -ch lo ro   benzyl,   a l ly l   and  p ropargy l .   The  acid  group  i s  

g e n e r a l l y   jo ined   to  a  carbon  ring  atom  and  is  p r e f e r a b l y   jo ined  a t  

the  3-  or  4-  p o s i t i o n ,   more  p r e f e r a b l y   at  the  3-  p o s i t i o n   e s p e c i a l l y  

where  the  acid  group  is  the  only  s u b s t i t u e n t   on  any  carbon  r i n g  

atom,  p a r t i c u l a r l y   in  a  pyr idinium  b e t a i n e .  

Pyr id in ium  4 - s u l p h o n a t e s ,   pyr id in ium  4 - c a r b o x y l a t e s ,  

e s p e c i a l l y   pyr id in ium  3-  su lphona tes   and  more  e s p e c i a l l y   p y r i d i n i u m  

3-  c a r b o x y l a t e s   are  p r e f e r r e d ,   e.g.   N-al lyl   py r id in ium  3 -  

c a r b o x y l a t e ,   N-ethyl  pyr id in ium  3-  c a r b o x y l a t e   and  N - ( 4 - c h l o r o  

benzyl)   pyr id in ium  3 - c a r b o x y l a t e .   The  most  p r e f e r r e d   compounds  a r e  

N-methyl  pyr id in ium  3 - c a r b o x y l a t e   and  e s p e c i a l l y   N-benzyl  p y r i d i n i u m  

3 - c a r b o x y l a t e .  



The  e p i h a l o h y d r i n   may  be  epibromhydrin   or  p r e f e r a b l y  

e p i c h l o r h y d r i n .   The  h e t e r o c y c l i c   compound  c o n t a i n s   at  l e a s t   one 

n i t rogen   r ing  atom  u s u a l l y   in  a  six-membered  or  p r e f e r a b l y   f i v e -  

membered  h e t e r o c y c l i c   r ing .   The  ring  p r e f e r a b l y   con t a in s   at  l e a s t  

two  n i t rogen   r ing  atoms,  u sua l l y   two  or  t h r e e ,   e s p e c i a l l y   two.  The 

n i t rogen   r ing  atoms  may  be  secondary  or  t e r t i a r y   n i t rogen   atoms  b u t  

p r e f e r a b l y   the  r ing  c o n t a i n s   at  l e a s t   one  secondary  n i t rogen   r i n g  

atom.  More  p r e f e r a b l y   i t   also  con ta ins   at  l e a s t   one  t e r t i a r y  

n i t rogen   r ing  atom.  Aromatic  h e t e r o c y c l i c   compounds  a r e  

p r e f e r r e d ,   which  the  n i t rogen   atom  or  atoms  form  par t   of  t h e  

aromatic   r ing .   The  h e t e r o c y c l i c   compound  p r e f e r a b l y   c o n s i s t s   of  one 

six-membered  or  e s p e c i a l l y   f ive-membered  r ing,   o p t i o n a l l y  

s u b s t i t u t e d   by  at  l e a s t   one  group  such  as:  hyd rox ide ;   h a l i d e ,   e . g .  
c h l o r i d e ;   amino;  a lkoxy,   alkanoyl  or  hydrocarbon  such  as  a l k y l ,  

alkenyl  or  a lkynyl   u s u a l l y   having  from  one  to  four   carbon  a t o m s ,  

e.g.   e thoxy,   a c e t y l ,   bu ty l ,   a l l y l .   Examples  of  these  s u b s t i t u t e d  

h e t e r o c y c l i c   compounds  are:   1 , 4 - d i e t h y l   p i p e r a z i n e ;   2 , 5 - d i m e t h y l  

p i p e r a z i n e ;   1 - ace ty l   p y r r o l e ;   4-hydroxy,   2-amino  imidazo le .   Less  

p r e f e r a b l y   the  h e t e r o c y c l i c   compound  comprises  in  a d d i t i o n   to  one 

h e t e r o c y c l i c   r ing ,   also  in  a  fused  or  unfused  r e l a t i o n s h i p   t h e r e t o   a 

c a r b o c y c l i c   r ing  or  a  second  h e t e r o c y c l i c   r ing ,   p r e f e r a b l y   s i x -  

membered  e s p e c i a l l y   u n s a t u r a t e d ,   e.g.   an  aromatic   r i n g  

c o n t a i n i n g   up  to  two  n i t r o g e n   he te roa toms ,   as  in  for  example ,  

pur ine ,   p t e r i d i n e ,   benz imidazo le   and  t h e i r   d e r i v a t i v e s .  

The  f i r s t   or  only  h e t e r o c y c l i c   r ing  p r e f e r a b l y   con ta in s   o n l y  

carbon  and  n i t r o g e n   ring  atoms  but  may  also  conta in   other   ring  a toms 

such  as  su lphur   or  oxygen,  as  in,  for  example  1 ,2 ,3   oxad iazo le   and 

b e n z o t h i a d i a z i n e .   Examples  of  s u i t a b l e   h e t e r o c y c l i c   compounds  a r e  

t r i a z i n e s ,   t r i a z o l e s ,   p r e f e r a b l y   d i az ines   and  more  p r e f e r a b l y  

d iazo les   such  as  imidazole   and  s u b s t i t u t e d   i m i d a z o l e s ,   such  as:  1 -  

methyl  im idazo le ;   1-e thyl   imidazo le ;   2-methyl  im idazo l e ;   1 , 4 -  

dimethyl  imidazo le ;   1 - e t h y l ,   2-methyl  imidazo le ;   1-oxymethyl  

imidazole  (hydroxymethyl   i m i d a z o l e ) ;   5 - e t h y l ,   4-hydroxy  i m i d a z o l e ;  



1-vinyl   imidazo le .   Other  useful   compounds  are  p i p e r a z i n e   and 

s u b s t i t u t e d   p i p e r a z i n e s ,   e .g .   p i p e r a z i n e s   with  at  l e a s t   one 

hydrocarbon  s u b s t i t u e n t   such  as  1 ,4 -d imethy l   p i p e r a z i n e .  

The  r eac t ion   product   may  be  prepared ,   for  example,  by 

d i s s o l v i n g   the  h e t e r o c y c l i c   compound  in  a  so lven t   such  as  w a t e r ,  

adding  the  e p i h a l o h y d r i n   in  a  molar  r a t i o   of  from  1 :0 .5   to  1:8,  e . g .  

from  1:1  to  1:4  and  a l lowing   them  to  r eac t   at  a  t e m p e r a t u r e   of  from 

400C  to  the  bo i l ing   po in t ,   e .g.   from  500C  to  900C,  such  as  70- 

850C,  for  e.g.   from  1  to  10  hours  unt i l   r e a c t i o n   is  complete .   The 

r e s u l t i n g   so lu t ion   of  r e a c t i o n   product   may  be  used  as  such  in 

compos i t ions   of  our  i n v e n t i o n .   There  is  no  need  to  i s o l a t e   t h e  

r e a c t i o n   product   (b)  from  s o l u t i o n   before  adding  the  be ta ine   (a)  t o  

i t .  

Composi t ions  compris ing  mixtures   of  (a)  and  (b)  in  which  t h e  

molar  r a t i o   of  the  be t a ine   (a)  to  the  h e t e r o c y c l i c   compound  used  in  

p r e p a r i n g   (b)  is  from  1:1  to  1:30,  p r e f e r a b l y   from  1:4  to  1 : 2 5 ,  

such  as  from  1:6  to  1:20,  e .g.   from  1:7  to  1:14,  are  p a r t i c u l a r l y  

e f f e c t i v e   as  b r i g h t e n i n g   agents  for  aqueous  a l k a l i n e   zinc  p l a t i n g  

ba ths .   It  is  convenien t   to  p repare   such  compos i t ions   as  aqueous  
s o l u t i o n s   by  mixing  an  aqueous  so lu t ion   of  (a)  with  an  aqueous 
s o l u t i o n   of  (b)  prepared  by  the  method  suggested  above.  The 

r e s u l t i n g   aqueous  composi t ion  p r e f e r a b l y   con ta ins   from  0.01  to  1 

moles  more  p r e f e r a b l y   from  0.02  to  0.5  moles,  e s p e c i a l l y   from  0 . 0 4  

to  0.2  moles  of  be ta ine   (a)  per  l i t r e   of  s o l u t i o n .   It  g e n e r a l l y  

c o n t a i n s   a  quan t i t y   of  r e a c t i o n   product   (b)  p repared   from  0.01  t o  

10  moles,  usual ly   from  0.1  to  4  moles  e s p e c i a l l y   from  0.4  to  2 

moles  of  h e t e r o c y c l i c   compound  per  l i t r e   of  s o l u t i o n .  

According  to  a  second  aspect   our  inven t ion   provides   an  aqueous 
s o l u t i o n   compris ing  from  0.01  to  1  mole  per  l i t r e   of  s o l u t i o n   o f  

a  be ta ine   con t a in ing   a  qua t e rna ry   n i t rogen  atom  and  a  c a rboxy l i c   o r  

su lphonic   acid  group  and  a  r e a c t i o n   product   of  an  e p i h a l o h y d r i n   w i t h  



a  h e t e r o c y c l i c   compound  c o n t a i n i n g   a  n i t rogen   r ing  a t o m , t h e  

q u a n t i t y   of  r e ac t i on   product   per  l i t r e   of  s o l u t i o n   being  d e r i v e d  

from  0.01  to  10  moles  h e t e r o c y c l i c   compound  in  a  r a t i o   of  f rom 

1  to  30  moles  of  h e t e r o c y c l i c   compound  per  mole  of  b e t a i n e .  

The  aqueous  s o l u t i o n   compr i s ing   be t a ine   and  r e a c t i o n   p r o d u c t  

may  be  used  as  a  b r i g h t e n i n g   agent   for  an  aqueous  a l k a l i n e   z i n c  

p l a t i n g   bath  and  will  g e n e r a l l y   be  added  t h e r e t o   in  p r o p o r t i o n s   o f  

from  1  to  100  ml,  e.g.  from  2  to  25  ml  of  aqueous  s o l u t i o n   per  l i t r e  

of  zinc  p l a t i n g   bath.  The  aqueous  s o l u t i o n   p r e f e r a b l y   con ta in s   i n  

a d d i t i o n   polyvinyl   alcohol  in  the  p r o p o r t i o n s   of  from  1  to  100g  p e r  
l i t r e   of  aqueous  s o l u t i o n .  

According  to  a  t h i rd   a spec t   our  inven t ion   provides   an  a l k a l i n e  

aqueous,   p r e f e r a b l y   c y a n i d e - f r e e ,   zinc  p l a t i n g   bath  compr is ing   (a)  a 

b e t a i n e   c o n t a i n i n g   a  q u a t e r n a r y   n i t rogen   atom  and  a  c a r b o x y l i c   o r  

s u l p h o n i c   acid  group  and  (b)  a  r e a c t i o n   product   of  an  e p i h a l o h y d r i n  

with  a  h e t e r o c y c l i c   compound  c o n t a i n i n g   a  n i t rogen   r i n g .  

There  is  also  provided  in  our  i nven t ion   a  method  of  f o r m i n g  

a  zinc  d e p o s i t   on  an  a r t i c l e   by  e l e c t r o d e p o s i t i o n   thereupon  from 

sa id   a l k a l i n e   aqueous  zinc  p l a t i n g   bath.   Fur the rmore ,   there   i s  

provided  by  our  invent ion   an  a r t i c l e   compris ing  a  zinc  d e p o s i t  

produced  by  said  method.  

A  bath  of  our  i nven t ion   will   gene ra l l y   be  opera ted   unde r  

s t r o n g l y   a l k a l i n e   c o n d i t i o n s   e .g .   at  a  pH  above  12  and  p r e f e r a b l y  

above  13.  This  pH  is  usua l ly   ob ta ined   by  adding  to  water  an  a l k a l i  

metal  hydroxide   such  as  po tass ium  hydroxide  or  p r e f e r a b l y   sodium 

hydroxide   in  amounts  such  as  to  form  aqueous  s o l u t i o n s   c o n t a i n i n g  

from  30  to  180g  p r e f e r a b l y   from  60  to  130g  of  sodium  hydroxide  p e r  
l i t r e   of  s o l u t i o n .   A  bar re l   p l a t i n g   bath  usua l ly   con ta in s   s l i g h t l y  

more  sodium  hydroxide  per  l i t r e   of  s o l u t i o n   than  a  rack  p l a t i n g  

bath.   A  ba r re l   p l a t i n g   bath  may,  for  example,  con ta in   from 



90  to  130g  e .g.   110g  of  sodium  hydroxide  per  l i t r e   of  s o l u t i o n   and 

a  rack  p l a t i n g   bath  may  conta in   from  60  to  100g  e.g.  80g  of  sodium 

hydroxide  per  l i t r e   of  s o l u t i o n .  

Zinc  may  be  added  to  the  bath  in  the  form  of  a  b a t h - s o l u b l e  

zinc  compound  such  as  zinc  oxide  or  zinc  hydroxide   or,  l e s s  

p r e f e r a b l y ,   a  zinc  s a l t   such  as  zinc  s u l p h a t e ,   or  zinc  metal .   The 

bath  will   g e n e r a l l y   con ta in   from  4  to  15g  p r e f e r a b l y   from  6  to  13g 

of  zinc  per  l i t r e   of  s o l u t i o n .   A  barre l   p l a t i n g   bath  u s u a l l y  

con ta ins   s l i g h t l y   more  zinc  per  l i t r e   of  s o l u t i o n   than  a  r a c k  

p l a t i n g   bath.   A  ba r re l   p l a t i n g   bath  may,  for  example,  conta in   from 

9  to  13g  e .g.   l lg  of  zinc  per  l i t r e   of  s o l u t i o n   and  a  rack  p l a t i n g  

bath  may  conta in   from  6  to  lOg  e.g.  8g  of  zinc  per  l i t r e   o f  

s o l u t i o n .   The  weight  r a t i o   of  sodium  hydroxide   to  zinc  is  u s u a l l y  

from  about  8:1  to  about  12:1,  p r e f e r a b l y   10:1,  in  both  b a r r e l  

p l a t i n g   and  rack  p l a t i n g   b a t h s .  

The  bath  may  con ta in   from  2x10-5  to  10-2  moles  p r e f e r a b l y  

from  5  x  10-5  to  5  x  10-3  moles  e s p e c i a l l y   from  10-4  t o  

3  x  10-3  moles,  e.g.   from  2  x  10-4  to  10-3  moles  of  b e t a i n e  

(a)  per  l i t r e   of  s o l u t i o n .   Addi t ive  (b)  may  be  p re sen t   i n  

c o n c e n t r a t i o n s   per  l i t r e   of  so lu t ion   prepared  from  5  x  10-4  t o  

5  x  10-2  moles  p r e f e r a b l y   from  8x10-4  to  3  x  10-2  moles  

e s p e c i a l l y   from  10-3  to  2  x  10-2  moles,  e.g.   from  2  x  10-3  

to  10-2  moles  of  h e t e r o c y c l i c   compound.  A d d i t i v e s  

(a)  and  (b)  may  be  added  s e p a r a t e l y ,   p r e f e r a b l y   in  aqueous  s o l u t i o n  

or  mixed  t o g e t h e r   e s p e c i a l l y   in  the  form  of  an  aqueous  c o m p o s i t i o n  

a c c o r d i n g  t o   the  second  aspect   of  this  i n v e n t i o n .  

An  a l k a l i n e   zinc  p l a t i n g   bath  may  be  produced  by  mixing  w a t e r ,  

zinc  compound,  sodium  hydroxide  and  a d d i t i v e s   (a)  and  (b).  A  b a t h  

c o n s i s t i n g   of  these  components  may  g e n e r a l l y   be  used  t o  

e l e c t r o d e p o s i t   b r i g h t ,   d u c t i l e   zinc  over  a  wide  range  of  c u r r e n t  

d e n s i t i e s ,   up  to  100  amperes  per  square  foot   (ASF)  (11A  dm-2),  o r  

even  150  ASF  (17A  dm-2).  It  is  p a r t i c u l a r l y   useful  over  the  range  

from  0.1  to  100  ASF  (from  0.011  to  11A  dm-2)  and  e s p e c i a l l y  



advantageous   from  60  to  100  ASF  (from  6.5  to  11  dm-2).  T h i s  

ex t ens ion   of  the  b r i g h t   p l a t i n g   range  to  c u r r e n t   d e n s i t i e s   above 

60  ASF  (6.5A  dm-2)  means  t ha t   b r i g h t   p l a t ed   a r t i c l e s   can  be  . 

produced  at  h igher   average  c u r r e n t   d e n s i t i e s   and  in  s h o r t e r   t i m e s .  

One  advantage  of  t h i s   wide  b r i g h t   p l a t i n g   range  is  tha t   there   i s  

u sua l ly   no  need  to  add  any  s u b s i d i a r y   b r i g h t e n e r s ,   e.g.   c a rbony l  

compounds  such  as  a romat ic   a ldehydes   with  t h e i r   problems  o f  

i n s t a b i l i t y   and  breakdown  p roduc t s .   Po lya lky lene   po lyamines  

e s p e c i a l l y   those  of  formula  H2N-C(CH2)nNH]xH  where  n  is  f rom 

2  to  4  and  x  is  from  8  to  150  are  p r e f e r a b l y   s u b s t a n t i a l l y   a b s e n t .  

The  bath  u sua l ly   c o n t a i n s   from  0.005  to  10  gram  per  l i t r e   o f  

s o l u t i o n   of  polyvinyl   alcohol  to  reduce  the  haz iness   of  the  b r i g h t  

zinc  d e p o s i t .   Complexants  such  as  g luconate   and  e thy lene   d iamine  

t e t r a a c e t i c   acid  may  o p t i o n a l l y   be  p r e s e n t  i n   c o n c e n t r a t i o n s   of  up 

to  1  gram  of  complexant   per  l i t r e  o f   s o l u t i o n .  

A  typ ica l   p l a t i n g   bath  may  be  prepared  by  d i s s o l v i n g   sodium 

hydroxide  in  water  adding  zinc  oxide  and  d i l u t i n g   the  so lu t i on   t o  

working  c o n c e n t r a t i o n s   with  more  water .   Genera l ly   heavy  meta l  

con taminan t s   will   be  removed  from  the  bath  before   use  by  a 

conven t iona l   method  e.g.   by  using  the  bath  to  e l e c t r o d e p o s i t   a t  

l ess   than  10  ASF  ( l . lA   dm-2)  for  at  l e a s t   one  ampere  hour  p e r  
l i t r e   of  s o l u t i o n .   An  aqueous  mixture  of  a d d i t i v e s   (a)  and  (b)  i n  

s u i t a b l e   p r o p o r t i o n s   and  g e n e r a l l y   mixed  with  polyvinyl   alcohol  may 

then  be  added  and  the  bath  may  be  used  to  e l e c t r o d e p o s i t   b r i g h t ,  

d u c t i l e   zinc  over  a  wide  range  of  c u r r e n t   d e n s i t i e s .  

The  p l a t i n g   baths  are  used  to  p la te   a r t i c l e s   having  metal  

s u r f a c e s   e.g.  f e r r o u s   metal  s u r f a c e s   such  as  iron  or  s tee l   o r  

nonfe r rous   metal  su r f aces   such  as  zinc  or  brass  s u r f a c e s .  



The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  fo l lowing   e x a m p l e s : -  

Example  1  

An  aqueous  s o l u t i o n   of  a  r e ac t i on   product  (R)  was  prepared  by 

mixing  imidazole   (0.18  moles)  with  water  (70g)  adding  e p i c h l o r h y d r i n  

(0.33)  moles  and  r e f l u x i n g   at  80°C  for  4  h o u r s .  

An  a l k a l i n e   aqueous  cyanide  free  zinc  p l a t i n g   bath  was 

prepared   which  had  the  fo l lowing   composi t ions   per  l i t r e   o f  

s o l u t i o n :  

Heavy  metal  con taminants   were  removed  by  p l a t i n g   for  1  amp 
hour  per  l i t r e .   The  bath  was  used  to  e l e c t r o d e p o s i t   zinc  on  to  a 

s tee l   Hull  cell  panel  at  a  c u r r e n t   of  2A  at  25°C  for  10  m i n u t e s ,  

and  a  b r i g h t   d u c t i l e   zinc  depos i t   was  ob ta ined   over  the  c u r r e n t  

dens i ty   range  from  0.1  to  150  ASF  (from  0.011  to  17A  dm-2) .  

Example  2_-  C o m p a r a t i v e  e x a m p l e  

a)  A  bath  was  prepared  to  the  fo l lowing  f o r m u l a t i o n : -  





Resu l t s   were  as  f o l l o w s : -  

This  shows  tha t   n e i t h e r   c o n s t i t u e n t   alone  is  capable  o f  

producing  a  b r igh t   depos i t   over  an  extended  c u r r e n t   d e n s i t y  

range  (cf .   Example  1 ) .  

Example  3 

A  s tee l   component  was  t h o r o u g h t l y   c leaned  in  an  a l k a l i n e   soap 

c l e a n e r ,   r i n s e d ,   and  etched  in  50%  v/v  h y d r o c h l o r i c   acid,   r insed   and 

immersed  in  a  zinc  p l a t i n g   bath  made  up  as  in  Example  1  for  twen ty  

minutes  at  an  average  c u r r e n t   dens i ty   of  20  ASF  at  200C  to  g i v e  

depos i t   of  approx imate ly   8  microns.   The  depos i t ,   a f t e r   r i n s i n g ,   was 

immersed  in  a  p r o p r i e t a r y   blue  p a s s i v a t i o n   composi t ion  for  15 

seconds  to  give  a  p leas ing   blue  t i n t   to  the  e l e c t r o d e p o s i t e d   z i n c .  

After   a i r - d r y i n g   for  t w e n t y - f o u r   hours  the  component  was 

heated  in  an  oven  at  150°C  for  ten  minutes  to  t e s t   adhes ion  -   no 

b l i s t e r i n g   was  e x p e r i e n c e d .  



1.  A  b r i g h t e n i n g   compos i t ion   for  a  zinc  p l a t i n g   bath  c o m p r i s i n g  

(a)  a  be t a ine   c o n t a i n i n g   a  qua t e rna ry   n i t r o g e n   atom  and  a 

c a r b o x y l i c   or  su lphonic   acid  group  and  (b)  a  r eac t ion   p r o d u c t  

of  an  e p i h a l o h y d r i n   with  a  h e t e r o c y c l i c   compound  c o n t a i n i n g  

a  n i t rogen   ring  a tom.  

2.  A  composi t ion   accord ing   to  claim  1,  wherein  the  molar  

p r o p o r t i o n   of  (a)  to  said  h e t e r o c y c l i c   compound  used  to  p r e p a r e  
(b)  is  from  1:1  to  1 : 3 0 .  

3.  A  composi t ion   accord ing   to  e i t h e r   of  claims  1  and  2  c o m p r i s i n g  

an  aqueous  s o l u t i o n   c o n t a i n i n g   from  0.01  to  1  moles  of  (a)  p e r  
l i t r e   and  from  0.01  to  10  moles  of  (b)  per  l i t r e .  

4.  A  composi t ion   acco rd ing   to  any  fo rego ing   claim  wherein  ( a )  

comprises   a  f ive  membered  or  six  membered  a r o m a t i c  

h e t e r o c y c l i c   r ing ,   wherein  said  q u a t e r n a r y   n i t rogen   atom  forms 

part   of  said  ring  and  said  ca rboxy l i c   or  su lphonic   acid  group 

is  a t t a c h e d   e i t h e r   to  said  ring  or  to  an  alkyl   s u b s t i t u e n t  

jo ined  d i r e c t l y   to  said  qua te rna ry   n i t r ogen   atom. 

5.  A  composi t ion   accord ing   to  any  fo rego ing   claim  wherein  (a)  i s  

a  pyr id in ium  c a r b o x y l a t e   or  pyr id in ium  s u l p h o n a t e .  

6.  A  composi t ion   acco rd ing   to  claim  5,  wherein  (a)  is  N-methyl 

pyr id in ium  3  c a r b o x y l a t e   or  N-benzyl  pyr id in ium  3 

c a r b o x y l a t e .  

7.  A  composi t ion   accord ing   to  any  fo rego ing   c laim,   wherein  (b)  

is  a  r e a c t i o n   product   of  e p i c h l o r h y d r i n   or  epibromhydrin  w i t h  

a  h e t e r o c y c l i c   compound  compris ing  at  l e a s t   one,  five  or  s i x -  

membered  aromat ic   h e t e r o c y c l i c   ring  and  c o n t a i n i n g   a  to ta l   o f  

two  or  t h r e e   n i t rogen   atoms  in  said  at  l e a s t   one  r i n g .  



8.  A  composi t ion   accord ing   to  claim  7,  wherein  (b)  is  a  r e a c t i o n  

product   of  e p i c h l o r h y d r i n   with  imidazole   or  a  s u b s t i t u t e d  

i m i d a z o l e .  

9.  An  a l k a l i n e ,   aqueous,  zinc  p l a t i n g   bath  compr i s ing ,   as  a 

b r i g h t e n e r   t h e r e f o r e ,   a  composi t ion   accord ing   to  any  f o r e g o i n g  

c l a i m .  

10.  A  bath  according  to  claim  9  s u b s t a n t i a l l y   free  from  c y a n i d e .  

11.  A  bath  accord ing   to  e i t h e r   of  claims  9  and  10,  compris ing  from 

30  to  180  gms  per  l i t r e   sodium  hydroxide ,   from  4  to  15  gm  p e r  
l i t r e   d i s so lved   z inc ,   from  2  x  10-5  to  10-2  moles  of  ( a )  

and  from  5  x  10-4  to  5  x  10-2  moles  per  l i t r e   o f  

( b ) .  

12.  A  method  of  e l e c t r o d e p o s i t i n g   zinc  from  a  p l a t i n g   ba th  

accord ing   to  any  of  claims  9  to  11. 

13.  P la ted   a r t i c l e s   having  thereon  a  layer   of  zinc  depos i ted   by 
the  method  of  claim  12. 

14.  A  method  for  the  p r e p a r a t i o n   of  compos i t ions   according  to  any 
one  of  claims  1  to  8,  wherein  said  e p i h a l o h y d r i n   is  added  t o  

an  aqueous  so lu t ion   of  said  h e t e r o c y c l i c   compound  in  a  mole 

r a t i o   of  from  1:0.5  to  1:8,  the  s o l u t i o n   is  ma in ta ined   at  a 

t empera tu re   between  400C  and  bo i l i ng   point   unt i l   r e a c t i o n  

is  s u b s t a n t i a l l y   completed  to  form  a  s o l u t i o n   of  (b)  and  an 

aqueous  so lu t ion   of  (a)  is  added  to  said  s o l u t i o n   of  ( b ) .  

15.  A  method  for  the  p r e p a 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  

according  to  any  of  claims  9  to  11,  wherein  zinc  or  an 
a l k a l i   s o l u t i o n   zinc  compound  is  mixed  with  water   and  sodium 

hydroxide ,   t oge the r   with  (a)  and  (b)  e i t h e r   t o g e t h e r   or  

s e p a r a t e l y .  
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