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©  Zn-Ni  ALLOY  PLATING  SOLUTION  BASED  ON  CHLORIDE  BATH. 
  A  Zn-Ni  alloy  electroplating  solution  for  obtaining  Zn-Ni 
alloy-electroplated  steel  with  excellent  surface  appearance, 
which  contains  ZnCl2  and  NiCl2  as  major  components.  In  the 
solution,  the  percentage  molar  concentration,  x(%),  of  Ni2+/ 
Ni2+  +  Zn2+  and  the  concentration  of  chloride  (at  least  one 
chloride  selected  from  the  group  consisting  of  AlCl3, 
NH4AlCl4,  NH°Cl,  KCI,  NaCl,  CaCL2,  BaCl2,  and  MgCl2),  y 
(mol/liter),  are  kept  within  the  following  ranges: 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   Z n - N i   a l l o y   e l e c t r o p l a t i n g  

s o l u t i o n s   f o r   use  in  p l a t i n g   s t e e l   s h e e t s   to  form  Z n - N i  

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

BACKGROUND  ART 

I t   i s   w e l l   known  in  t h e   a r t   t h a t   Zn-Ni   a l l o y   p l a t e d  

s t e e l   s h e e t s   have   i m p r o v e d   s u r f a c e   p r o p e r t i e s   such   as  c o r r o s i o n  

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

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

and  h a v i n g   a  n i c k e l   c o n t e n t   in  t h e   r a n g e   from  10%  to  20% 

by  w e i g h t   e x h i b i t   the   b e s t   c o r r o s i o n   r e s i s t a n c e .  

I n d u s t r i a l l y   f e a s i b l e   e l e c t r o p l a t i n g   b a t h s   f o r   Z n - N i  

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

b a t h   has   t he   a d v a n t a g e s   t h a t   l i q u i d   f l o w   has  l e s s   i n f l u e n c e  

on  t he   n i c k e l   c o n t e n t   of  d e p o s i t s ,   t h a t   i t   can  be  o p e r a t e d  

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

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

t h e   s o l u t i o n   t h a n   is   t he   c a s e   w i t h   t h e   s u l f a t e   b a t h ,   bu t   the   b a t h  

i s   d i f f i c u l t   to  form  d e p o s i t s   h a v i n g   good  a p p e a r a n c e .  

Mak ing   i n v e s t i g a t i o n s   to   i m p r o v e   t h e   a p p e a r a n c e   o f  

Zn-Ni   a l l o y   d e p o s i t s   r e s u l t i n g   f r o m   p l a t i n g   s o l u t i o n s   b a s e d  

on  z i n c   c h l o r i d e   ZnC12  and  n i c k e l   c h l o r i d e   N iC l2   in  w a t e r ,  

t h e   i n v e n t o r s   f o u n d   t h a t   t h e   a p p e a r a n c e   of  Zn-Ni   a l l o y   d e p o s i t s  

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

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  A l C l 3 ,   N H 4 A l C l 4 ,  

NH4C1,  KCl,  CaCl2 ,   B a C l 2 ,   NaCl  and   MgCl2  to   t he   s o l u t i o n  



in  an  a m o u n t   of  0 .2   mo l s   p e r   l i t e r .  

I t   was ,   h o w e v e r ,   f o u n d   t h a t   when  t h e   a b o v e - d e s c r i b e d  

a d d i t i o n a l   c h l o r i d e s  w e r e   a d d e d ,   t h e r e   was  t h e   l i k e l i h o o d  

t h a t   t he   n i c k e l   c o n t e n t   of  d e p o s i t s   w o u l d   i n c r e a s e   and  p a r t i -  

c u l a r l y   a t   a  h i g h   c u r r e n t   d e n s i t y   of  50  A/dm2  or  m o r e ,   i t  

wou ld   e x c e e d   t h e   o p t i m u m   r a n g e   b e t w e e n   10%  and  20%  by  w e i g h t .  

DISCLOSURE  OF  INVENTION 

Then  t h e   i n v e n t o r s   c o n t i n u e d   i n v e s t i g a t i o n s   on  t h e  

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

c o m p o s i t i o n   in  Zn-Ni   a l l o y   p l a t i n g   in  o r d e r   to   p r o d u c e   Z n - N i  

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

a  n i c k e l   c o n t e n t   w i t h i n   t h e   a b o v e - d e f i n e d   o p t i m u m   r a n g e .  

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

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

r a n g e   in  r e l a t i o n   to   t h e   r a t i o   of  m o l a r   c o n c e n t r a t i o n   b e t w e e n  

n i c k e l   and  z i n c .  

P r o v i d e d   t h a t   t h e   r a t i o   of  m o l a r   c o n c e n t r a t i o n   b e t w e e n  

n i c k e l   and  z i n c   i s   e x p r e s s e d   as  t h e   m o l a r   c o n c e n t r a t i o n   r a t i o  

of  N i 2 + / ( N i 2 +   +  Z n 2 + ) ,   d e p o s i t s   t e n d   to   i n c r e a s e   t h e i r   n i c k e l  

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

r a t i o   on  one  h a n d ,   and  in  p r o p o r t i o n   to   t h e   c o n c e n t r a t i o n  

of  t h e   a d d i t i o n a l   c h l o r i d e   on  t h e   o t h e r   h a n d .   I t   has   t h u s  

b e e n   f o u n d   t h a t   t h e   n i c k e l   c o n t e n t   of  d e p o s i t s   w i l l   c o n s i s t e n t l y  

f a l l   w i t h i n   t h e   o p t i m u m   r a n g e   of  10%  to  20%  by  w e i g h t   w h e n  

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

w i t h i n   a  p r o p e r   r a n g e   in  r e l a t i o n   to   t h e   m o l a r   c o n c e n t r a t i o n  

r a t i o   of  N i 2 + / ( N i 2 +   +  Z n 2 + ) .  



A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

a  Zn-Ni   a l l o y   e l e c t r o p l a t i n g   s o l u t i o n ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   m o l a r   c o n c e n t r a t i o n   r a t i o   X  e x p r e s s e d   in  p e r c e n t  

of  N i 2 + / ( N i 2 +   +  Zn2+)  in  t he   s o l u t i o n   and  t h e   c o n c e n t r a t i o n  

Y  e x p r e s s e d   in   m o l / l i t e r   of  an  a d d i t i o n a l   c h l o r i d e   a d d e d  

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

d e f i n e d   by  t h e   f o l l o w i n g   e q u a t i o n s :  

In  t h e   p r a c t i c e   of  t he   p r e s e n t   i n v e n t i o n ,   t he   t o t a l  

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

p r e f e r a b l y   r a n g e s   f rom  1  to  4  mols   pe r   l i t e r   of  t he   s o l u t i o n .  

T o t a l   c o n c e n t r a t i o n s   of  n i c k e l   and  z i n c   of  l o w e r   t h a n   1  m o l /  

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

a p p e a r a n c e .   At  t o t a l   c o n c e n t r a t i o n s   of  h i g h e r   t h a n   4  m o l s /  

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

u n d e s i r a b l y   i n c r e a s i n g   the   c o s t .   The  p l a t i n g   s o l u t i o n   i s  

not   p a r t i c u l a r l y   l i m i t e d   w i t h   r e s p e c t   to  pH  and  t e m p e r a t u r e  

w h i l e   i t   i s   p r a c t i c a l l y  a t   pH  1  to  6  and  a  t e m p e r a t u r e   of  4 0 °  

to  7 0 ° C .  

The  m a c h a n i s m   by  wh ich   the   a d d i t i o n a l   c h l o r i d e   in  t h e  

p l a t i n g   s o l u t i o n   has   an  i n f l u e n c e   on  t he   n i c k e l   c o n t e n t   o f  



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

m e c h a n i s m   has   no t   been   w e l l   u n d e r s t o o d .   S i n c e   t h e  

Z n - N i   a l l o y   p l a t i n g   is  c o d e p o s i t i o n   of  d i f f e r e n t   m e t a l s ,  

a  b a r r i e r   l a y e r  o f   z i n c   h y d r o x i d e   Zn(OH)2   f o r m e d   a t   t h e   c a t h o d e  

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

f rom  d e p o s i t i n g   so  t h a t   even   when  t he   m o l a r   r a t i o   of  Zn  to   N i  

is   1:1  in   t h e   b a t h ,   d e p o s i t i o n   of  z i n c   p r e f e r e n t i a l l y   t a k e s  

p l a c e   by  way  of  t h e   z i n c   h y d r o x i d e   b a r r i e r   l a y e r .   N e v e r t h e l e s s ,  

i f   a  c h l o r i d e ,   f o r   e x a m p l e ,   ammonium  c h l o r i d e   NH4Cl  i s   p r e s e n t  

in  t h e   b a t h   as  in  t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o l l o w i n g   t w o  

r e a c t i o n s :  

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

r e d u c i n g   t h e   t h i c k n e s s   of  t he   z i n c   h y d r o x i d e   b a r r i e r   l a y e r .  

T n e n ,   d e p o s i t i o n   of  n i c k e l   is  c o r r e s p o n d i n g l y   f a c i l i t a t e d   s o  

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

S i m i l a r l y ,   t he   a d d i t i o n a l   c h l o r i d e   in  t h e   p l a t i n g   b a t h  

has   an  i n f l u e n c e   on  t he   a p p e a r a n c e   of  Z n - N i   a l l o y   d e p o s i t s   i n  

t h e   f o l l o w i n g   way.  T h e r e   w i l l   be  r e a d i l y   f o r m e d   h y d r a t e d  

o x i d e s   and   a n a l o g u e s   on  Zn-Ni  a l l o y   d e p o s i t s   in  the   p r e s e n c e  

of  C l -   i o n s ,   to   wh ich   OH-  i o n s   at   t h e   c a t h o d e   i n t e r f a c e  

c o n t r i b u t e .   If   a  c h l o r i d e   such  as  ammonium  c h l o r i d e   NH4Cl  i s  

p r e s e n t   in   t he   b a t h ,   OH-  i o n s   a re   r e m o v e d   t h r o u g h   the   f J l l o w i n g  

r e a c t i o n :  



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

r e s u l t i n g   in  a e s t h e t i c   Zn-Ni   a l l o y   d e p o s i t s   h a v i n g   m e t a l l i c  

g l o s s .  

BRIEF  DESCRIPTION  OF  DRAWING 

F i g .   1  d i a g r a m a t i c a l l y   shows  how  t h e   n i c k e l   c o n t e n t   o f  

Zn-Ni   a l l o y   d e p o s i t s   v a r i e s   w i t h   t he   c o n c e n t r a t i o n   of  a m m o n i u m  

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

c o n c e n t r a t i o n   r a t i o s   of  N i 2 + / ( N i 2 +   +  Zn2+) ;   a n d  

F i g .   2  d i a g r a m a t i c a l l y   shows  the   c o n c e n t r a t i o n   of  t h e  

c h l o r i d e   added   v s .   t h e   m o l a r   c o n c e n t r a t i o n   r a t i o   of  N i 2 ; /  

(Ni2+  +  Zn2+) ,   d e m o n s t r a t i n g   t h e i r   l i m i t s   a l l o w i n g   t he   n i c k e l  

c o n t e n t   of  Zn-Ni  a l l o y   d e p o s i t s   to  f a l l   w i t h i n   t h e   o p t i m u m  

r a n g e .  

BEST  MODE  FOR  CARRYING  OUT  INVENTION 

. E x a m p l e s   of  t h e   Zn-Ni   a l l o y   e l e c t r o p l a t i n g   s o l u t i o n  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   a re   g i v e n   b e l o w   by  way  o f  

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

E x a m p l e   1 

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

NH4Cl  in  a m o u n t s   v a r y i n g   f rom  0  to  7 .0  m o l s / l i t e r   (0  t o  

375  g / l i t e r )   to   a  s o l u t i o n   c o n t a i n i n g   136  g / l i t e r   (1  m o l / l i t e r )  

of  z i n c   c h l o r i d e   ZnCl2   and  238  g / l i t e r   (1  m o l / l i t e r )   of  n i c k e l  

c h l o r i d e   h e x a h y d r a t e   N i C l 2 ·  6 H 2 O   and  h a v i n g   a  m o l a r   c o n c e n t r a t i o n  

of  Ni2+  ad jus ted   to   50%.  U s i n g   t h e s e   p l a t i n g   b a t h s ,   e l e c t r o -  

p l a t i n g   was  c a r r i e d   o u t   a t   a  c u r r e n t   d e n s i t y   of  75  A/dm2  s o  

t h a t   t h e   b u i l t - u p  o f  Z n - N i   a l l o y   d e p o s i t e d   m i g h t  b e   20  g / m 2 .  

The  r e s u l t i n g   d e p o s i t s   were   d e t e r m i n e d   f o r   g l o s s  

and  n i c k e l   c o n t e n t .   The  g l o s s   and  n i c k e l  



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

in  T a b l e   1.  The  d a t a   of  T a b l e   1  r e v e a l   t h a t  c o l o r e d   d e p o s i t s  

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

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

when  ammonium  c h l o r i d e   i s   a d d e d   in  a m o u n t s   of  0 . 2   m o l s / l i t e r  

or  m o r e .   On  t h e   o t h e r   h a n d ,   i t   is   e v i d e n t   t h a t   t h e   n i c k e l  

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

ammonium  c h l o r i d e   a d d e d   and  goes   beyond   the   o p t i m u m   r a n g e   o f  

10%  to   20%  by  w e i g h t   when  t h e   a m o u n t   of  ammonium  c h l o r i d e  

e x c e e d s   5  m o l s / l i t e r .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   g l o s s   is  e x p r e s s e d   in   t h e  

G s ( 6 0 )   v a l u e   a c c o r d i n g   to   J I S   Z  8741 ,   and  t he   a p p e a r a n c e   i s  

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

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

Δ:  s o m e w h a t   t a r n i s h e d   or  n o n u n i f o r m  

X:  t a r n i s h e d  

E x a m p l e   2 

P l a t i n g   b a t h s   were   p r e p a r e d   by  a d d i n g   ammonium  c h l o r i d e  

(NH4Cl)  in   a m o u n t s   v a r y i n g   f rom  0 .2   to  7 .0   m o l s / l i t e r   t o  

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

of  z i n c   c h l o r i d e   ZnCl2   and  n i c k e l   c h l o r i d e   h e x a h y d r a t e   N i C l 2 · 6 H 2 O .  

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

d e n s i t y   of  75  A/dm2  so  t h a t   t h e   b u i l d - u p   of  Zn-Ni   a l l o y  

d e p o s i t e d   m i g h t   be  20  g / m 2 .  

F i g .   1  s h o w s   t h e   n i c k e l   c o n t e n t   of  d e p o s i t s   p l o t t e d  

r e l a t i v e   to   t h e   c o n c e n t r a t i o n   of  ammonium  c h l o r i d e  a d d e d  

f o r   d i f f e r e n t   m o l a r   c o n c e n t r a t i o n   r a t i o s   of  N i 2 + / ( N i 2 +   +  Z n 2 + ) .  



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

bu t   t he   n i c k e l   c o n t e n t   i n c r e a s e d   as  t he   c o n c e n t r a t i o n   of  a m m o n i u m  

c h l o r i d e   added   is   i n c r e a s e d ,   i n d i c a t i n g   t h a t   t he   c o n c e n t r a t i o n  

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

on  the   m o l a r   c o n c e n t r a t i o n   r a t i o   of  N i 2 + / ( N i 2 +   +  Z n 2 + ) .   T h i s  

i s   more  c l e a r l y   shown  in  F i g .   2  where   X  a x i s   r e p r e s e n t s   t h e  

m o l a r   c o n c e n t r a t i o n   r a t i o   of  N i 2 + / ( N i 2 +   +  Zn2+)  as  e x p r e s s e d  

in  p e r c e n t   and  Y  a x i s   r e p r e s e n t s   t he   c o n c e n t r a t i o n   of  t h e  

c h l o r i d e   as  e x p r e s s e d   in  m o l / l i t e r .   F i g .   2  d e m o n s t r a t e s   t h a t  

t h e   op t imum  r a n g e   i s   d e f i n e d   by  the   f o l l o w i n g   t h r e e   e q u a t i o n s :  

I t   s h o u l d   be  n o t e d   t h a t   t h e   u p p e r   l i m i t   of  7 .0   m o l s / l i t e r   w a s  

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

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

E x a m p l e   3 

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

Zn-Ni  a l l o y   was  d e p o s i t e d   on  a  s t e e l   s h e e t   to   a  b u i l d - u p  

of  20  g /m2.   The  g l o s s ,   a p p e a r a n c e ,   and  n i c k e l   c o n t e n t   of  t h e  

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

2.  Run  Nos.  1  to   10  and  c o m p a r a t i v e   run  Nos.   11  and  12  i n  

T a b l e   2  a r e   a l s o   p l o t t e d   in   F i g .   2  w i t h   t he   same  n u m e r i c a l  

d e s i g n a t i o n .   In  a l l   of  r u n   Nos .   1  to  10,  t he   d e p o s i t s   e x h i b i t e d  

h i g h   g l o s s   and  s a t i s f a c t o r y   a p p e a r a n c e   and  t h e i r   n i c k e l   c o n t e n t s  

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

in  F i g .   2 .  



As  e v i d e n t   f rom  t h e s e   d a t a ,   by  u s i n g   t h e   c h l o r i d e   b a t h   o f  

the   p r e s e n t   i n v e n t i o n ,   Zn-Ni   a l l o y   d e p o s i t s   can   be  r e a d i l y  

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

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

r a n g e   b e t w e e n   10%  and  20%  by  w e i g h t .  







1.  A  Zn-Ni  a l l o y   e l e c t r o p l a t i n g   s o l u t i o n   b a s e d   on  z i n c  

c h l o r i d e   and  n i c k e l   c h l o r i d e ,   c h a r a c t e r i z e d   in  t h a t   t h e  

m o l a r   c o n c e n t r a t i o n   r a t i o   X  e x p r e s s e d   in  p e r c e n t   o f  

N i 2 + / ( N i 2 +   +  Zn2+)  in  t h e   s o l u t i o n   and  t he   c o n c e n t r a t i o n  

Y  e x p r e s s e d   in  m o l / l i t e r   of  an  a d d i t i o n a l   c h l o r i d e   a d d e d  

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

d e f i n e d   by  t he   f o l l o w i n g   e q u a t i o n s :  

2.  The  Zn-Ni  a l l o y   e l e c t r o p l a t i n g   s o l u t i o n   a c c o r d i n g   t o  

c l a i m   1  w h e r e i n   t he   a d d i t i o n a l   c h l o r i d e   is   a t   l e a s t   o n e  

s e l e c t e d   from  t h e   g r o u p   c o n s i s t i n g   of  A l C l 3 ,   N H 4 A l C l 4  

NH4Cl ,   KCl,  C a C l 2 ,   B a C l 2 ,   NaCl ,   and  M g C l 2 .  
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