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@  Process  for  the  preparation  of  calcium  and/or  strontium-containing  lead,  lead  obtained  therewith  and  battery  plates  or  grids 
obtained  therefrom. 

Process  for  preparing  battery  lead  containing  100- 
900 ppm  Ca  (or  < 2 %  Sr)  comprises  adding  less  than . 
100  ppm  Mg,  which  prevents  excessive  oxidation  of  Ca. 



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   o f  

lead  c o n t a i n i n g   100-900  ppm  calcium  and/or   an  e q u i v a l e n t   amount 

of  s t r o n t i u m   in  which  the  calcium  and/or   s t r o n t i u m   is  added  t o  

a  lead  melt  in  e l e m e n t a l   form,  as  a  compound  and/or   as  an  a l l o y .  

The  main  a p p l i c a t i o n   of  c a l c i u m - c o n t a i n i n g   lead   and  of  s t r o n t i u m -  

c o n t a i n i n g   lead  is  in  the  form  of  b a t t e r y   l ead .   F u r t h e r ,   i t  

f inds   a p p l i c a t i o n   as  cable  lead  and  as  anode  m a t e r i a l   in  the  z i n c  

e l e c t r o l y s i s   p r o c e s s .  
Ca lc ium-and /o r   s t r o n t i u m - c o n t a i n i n g   lead   is  u s u a l l y   p r e p a r e d  

by  me l t ing   a  lead  with  a  p u r i t y   of  more  than  99.9%  and  by  s u b -  

s equen t l y   adding  the  r e q u i r e d   a l l o y i n g   elements   to  the  lead  m e l t .  

This  a l l o y i n g   step  serves   to  impart   to  the  lead   the  d e s i r e d  

mechanica l   p r o p e r t i e s   for  b a t t e r y   p l a t e s   and  gr ids   and  any  o t h e r  

p roduc t s   and  also  to  improve  the  c a s t a b i l i t y   of  the  l e a d .  

In  the  past   antimony  was  u s u a l l y   added  to  the  lead .   However ,  

antimony  causes  s e l f - d i s c h a r g e   in  b a t t e r i e s   and  i t   was  t h e r e f o r e  

sugges ted   to  r e p l a c e   the  antimony  by  calcium  and/or   s t r o n t i u m ,   a  

change  which  has  met  with  success .   In  a d d i t i o n ,   some  t in   is  o f t e n  

added  to  the  melt  and  i t   is  also  p o s s i b l e   to  add  o ther   d e s i r e d  

a l l o y i n g   e lements .   Af te r   the  a d d i t i o n   of  the  a l l o y i n g   e l e m e n t s ,  

the  molten  lead  is  e i t h e r   made  into  a  h a l f - p r o d u c t   or  c a s t  

d i r e c t l y   in to   the  d e s i r e d   e n d - p r o d u c t .   A  h a l f - p r o d u c t   may  c o n s i s t  

of ingots  which  are  r eme l t ed   by  the  b a t t e r y   manufac tu r e r   and  a r e  

f u r t h e r   p roces sed   in to   p l a t e s   and  g r i d s .   The  h a l f - p r o d u c t   may 
also  c o n s i s t   of  s t r i p   produced  by  con t inuous   c a s t i n g   a n d / o r  

r o l l i n g ,   which  is  f u r t h e r   p r o c e s s e d   in to   p l a t e s   or  g r ids   by  t h e  

b a t t e r y   m a n u f a c t u r e r .  

Both  when  r e m e l t i n g   the  h a l f - p r o d u c t   and  when  r e m e l t i n g  

r e j e c t e d   end -p roduc t s   and  a lso  dur ing  the  c o n s i d e r a b l e   p e r i o d  
which  e lapses   dur ing  the  c a s t i n g   of  the  o r i g i n a l   melt  a f t e r  

a l l o y i n g ,   or  of  the  melt  ob ta ined   by  r e m e l t i n g   ingots   or  r e j e c t e d  

e n d - p r o d u c t s ,   the  molten  lead  is  in  con tac t   with  the  a i r .  



Now  the  calcium  or  s t r o n t i u m   conten t   of  the  melt  is  found  t o  

decrease   g r a d u a l l y   by  o x i d a t i o n   of  calcium  or  s t r o n t i u m ,   w h i c h  

passes   as  oxide  into  the  s lag  l a y e r   on  top  of  the  melt .   Since  a  

c e r t a i n   calcium  or  s t r o n t i u m   content   in  b a t t e r y   lead  is  d e s i r a b l e ,  

the  d i m i n i s h i n g   content   is  found  to  be  very  i n c o n v e n i e n t .  

S t ron t ium  would  u s u a l l y   be  r e q u i r e d   in  p e r c e n t a g e s   s u f f i c i e n t   t o  

a r r i v e   at  the  d e s i r e d   mechanica l   p r o p e r t i e s   of  the  lead  and  t h i s  

would  normal ly   be  l ess   than  2%  s t r o n t i u m .   It  could  be  p a r t i a l l y  

or  t o t a l l y   r e p l a c e d   by  calcium  of  which  the  i n f l u e n c e   on  t h e  

mechan ica l   p r o p e r t i e s   of  lead  is  d i f f e r e n t .   The  d e s i r e d   c a l c i u m  

content   when  calcium  is  used  wi thou t   any  s t r o n t i u m   is  u s u a l l y   t h e  

maximum  pe r cen t age   of  calcium  so lub l e   in  l i q u i d   lead  at  t h e  

e u t e c t i c   t e m p e r a t u r e   (326°C).  U n f o r t u n a t e l y ,   i t   does  not  s u f f i c e  

to  supply  more  than  the  d e s i r e d   q u a n t i t y   of  calcium  dur ing  t h e  

a l l o y i n g   step  in  order  to  a n t i c i p a t e   in  t h i s   manner  the  e x p e c t e d  

b u r n i n g - o f f   of  calc ium,   s ince  the  degree  of  b u r n i n g - o f f   is  d i f f i -  

cul t   to  p r e d i c t   ( t h i s   is  also  a p p l i c a b l e   in  the  case  of  s t r o n t i u m )  

and  the  p resence   of  more  calcium  in  the  end  p roduc t s   than  can  b e  

maximally  d i s s o l v e d   in  l i q u i d   lead  at  the  e u t e c t i c   t e m p e r a t u r e  
(326°C)  may  c o n s i d e r a b l y   reduce  the  c o r r o s i o n   r e s i s t a n c e   of  t h e s e  

p r o d u c t s .  

In  order  to  solve  these   problems  the  p r e s e n t   i n v e n t i o n  

proposes   to  add  such  an  amount  of  magnesium  to  the  lead  melt  t h a t  

l ess   than  100  ppm  magnesium  is  p r e s e n t   in  the  s o l i d   lead  as  

p r epa red .   It  was  s u r p r i s i n g l y   found  t h a t   even  very  low  p e r c e n t a g e s  

of  magnesium  in  a  ca lc ium-  or  s t r o n t i u m - c o n t a i n i n g   lead  melt  a l m o s t  

comple te ly   i n h i b i t   the  b u r n i n g - o f f   of  tha t   calcium  or  s t r o n t i u m .  

So  far  no  unequ ivoca l   e x p l a n a t i o n   for  t h i s   phenomenon  has  b e e n  

found.  It  is  not  or  at  any  r a t e   not  l a r g e l y   so  tha t   the  magnesium 

is  s a c r i f i c e d   for  the  calcium  or  s t r o n t i u m   s ince  in  order  t o  

p reven t   a  c e r t a i n   q u a n t i t y   of  calcium  or  s t r o n t i u m   from  b e i n g  

burnt   off  in  a  c e r t a i n   p e r i o d ,   not  a  s t o i c h i o m e t r i c   q u a n t i t y   o f  

magnesium  is  r e q u i r e d   but  a  c o n s i d e r a b l y   smal le r   q u a n t i t y   o f  

magnesium  is  s u f f i c i e n t .   Ne i the r   does  t h i s   sma l l e r   q u a n t i t y   o f  

magnesium  burn  off  p r o p o r t i o n a l l y   as  r a p i d l y   as  the  calcium  o r  

s t r o n t i u m   would  have  done  i f   no  magnesium  had  been  p r e sen t   in  t h e  



melt.  It   is  p o s s i b l e   t ha t   the  magnesium  forms  a  very  t h i n  -  

p r o t e c t i v e  -   oxide  skin  on  the  melt  which  sea ls   the  melt  off  f rom 

oxygen.  
The  maximum  s o l u b i l i t y   of  calcium  in  l i q u i d   lead  at  t h e  

e u t e c t i c   t e m p e r a t u r e   (326°C)  is  800  ppm.  According  to  the  i n v e n -  

t i o n   less   than  900  ppm  of  calcium  are  t h e r e f o r e   added  while  more -  

over  i t   is  p r e f e r r e d   to  add  approx.  700  ppm  of  calcium-,...   As  t h e  

r e s u l t   of  the  magnesium  a d d i t i o n   it   is  now  s u f f i c i e n t   to  add  t h e  

q u a n t i t y   of  calcium  and/or   s t r o n t i u m   f i n a l l y   r e q u i r e d   in  the  l e a d .  

According  to  the  i n v e n t i o n  -   i f   s t r o n t i u m   is  used  i n s t e a d   o f  

calcium  in  the  l e a d  -   l e s s   than  2%  s t r o n t i u m   would  normal ly   b e  

r e q u i r e d .   In  order  to  p reven t   the  burn ing   off  of  calcium  a n d / o r  

s t r o n t i u m   comple te ly   or  s u b s t a n t i a l l y   comple te ly   during  the  u s u a l  

pe r iods   for  which  the  melt  is  l i q u i d ,   i t   is  u s u a l l y   s u f f i c i e n t   t o  

add  1-80  ppm  of  magnesium.  

In  the  p rocess   acco rd ing   to  the  i n v e n t i o n   both  the  c a l c i u m  

and/or   s t r o n t i u m   and  the  magnesium  can-be,  added  in  e l emen ta l   f o rm,  

in  the  form  of  a  compound  or  as  an  a l l oy .   The  p e r c e n t a g e s   given  i n  

t h i s   s p e c i f i c a t i o n   are  a l l   p e r c e n t a g e s   by  weight  and,  where  t h e  

r e l e v a n t   metal   is  added  in  the  bound  form,  they  r e l a t e   to  t h e  

p r o p o r t i o n   of  tha t   same  m e t a l .  

In  some  i n s t a n c e s   d i f f i c u l t i e s   may  be  expe r i enced   in  t h e  

a d d i t i o n   of  the  a d d i t i v e s   to  the  mel t ,   for  example  because  of  t h e  

d e n s i t y   of  the  a d d i t i v e   ( i t   may  f l o a t   on  the  lead   m e l t ) ,   b e c a u s e  

of  the  me l t ing   po in t   of  the  a d d i t i v e   (at  low  me l t ing   po in t s   f e w e r  

d i f f i c u l t i e s   w i l l   occur  than  at  h igher   me l t ing   p o i n t s )   or  b e c a u s e  

of  the  r a te   at  which  the  a d d i t i v e   d i s s o l v e s   in  the  m e l t .  

These  problems  may  be  solved  by  adding  the  magnesium  in  t h e  

form  of  a  p r e l i m i n a r y   a l loy   or  in  the  form  of  an  i n t e r m e t a l l i c  

compound,  for  example  with  lead  (high  d e n s i t y ) ,   with  a lumin ium 

(low  me l t ing   po in t )   or  with  calcium  or  s t r o n t i u m   (the  problem  i s  

ha lved   s ince  only  one  f u r t h e r   a d d i t i v e   is  r e q u i r e d ) .  

If   a  magnesium-aluminium  a l loy   is  added,  i t   is  p r e f e r r e d   t o  

s e l e c t   an  a l loy   c o n t a i n i n g   30-70%  of  magnesium,  s ince  these   a l l o y s  

have  a  mel t ing   point   near  the  usual   t e m p e r a t u r e   of  a  lead  m e l t .  



An  advantage  of  adding  a  magnes ium-ca lc ium  a l loy   or  a  

magnes ium-s t ron t ium  a l loy   i n s t e a d   of  a  magnesium-aluminium  a l l o y  

is  tha t   the  c o r r o s i o n   r e s i s t a n c e   of  lead  c o n t a i n i n g   magnesium  i s  

d i s t i n c t l y   h igher   than  t ha t   of  lead  c o n t a i n i n g   an  equal  q u a n t i t y  

of  aluminium.  Bes ide s ,   magnesium  d i s s o l v e s   in  l i q u i d   lead   more 

r e a d i l y   than  a lumin ium.  

The  i n v e n t i o n   is  eminent ly   s u i t a b l e   for  those   leads   wh ich  

con ta in   t i n   ( u s u a l l y   less   than  1%),  s ince   t i n   a c c e l e r a t e s   t h e  

b u r n i n g - o f f   of  c a l c i u m - c o n t a i n i n g   lead  in  a  mel t ,   so  t ha t   in  t h i s  

i n s t a n c e   the  a d d i t i o n   of  magnesium  is  a l l   the  more  e s s e n t i a l .  

The  e x c l u s i v e   r i g h t   also  p e r t a i n s   to  l ead   ob ta ined   with  t h e  

p rocess   accord ing   to  the  i n v e n t i o n   and  to  b a t t e r y   p l a t e s   or  g r i d s  

produced  from  a  l ead   melt  which  is  o b t a i n e d   in  a c c o r d a n c e  w i t h  

the  i n v e n t i o n .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   in  g r e a t e r   d e t a i l   w i t h  

r e f e r e n c e   to  a  number  of  compara t ive   e x p e r i m e n t s .  

1.  A  q u a n t i t y   of  700  ppm (0.07%)  of  calcium  was  added  at  450°C 

to  a  q u a n t i t y   of  10  kg  of  molten  lead   which  con ta ined   0.39%  o f  

t i n   and  a f t e r   some  t ime some  samples  were  taken  from  the  m e l t .  

The  r e s u l t s   ob ta ined   are  given  in  Table  1 .  

2.  A  q u a n t i t y   of  580  ppm  of  magnesium  and  710  ppm  of  c a l c i u m  

was  added  at  4500C  to  the  same  q u a n t i t y   of  10  kg  of  molten  l e a d  

which  con ta ined   0.39%  of  t i n   and  again  a f t e r   some  time  some 

samples  were  taken .   The  r e s u l t s   are  given  in  Table  1. 

3.  A  q u a n t i t y   of  40  ppm  of  aluminium  and  230  ppm  of  magnesium 

as  well   as  680  ppm  of  calcium  was  added  at  450°C  to  the  same 

q u a n t i t y   of  10  kg  of  molten  lead  which  con t a ined   0.39%  of  t i n .  

Af te r   some  time  some  samples  were  taken  from  the  mel t .   The 

r e s u l t s   are  given  in  Table  1. 

4.  A  q u a n t i t y   of  40  ppm  of  magnesium  as  well   as  700  ppm  o f  

calcium  was  added  at  4500C  to  a  s i m i l a r   q u a n t i t y   of  10  kg  o f  

molten  lead  which  con t a ined   0.39%  of  t i n   and  some  samples  were  

taken  from  the  melt  a f t e r   some  time  had  pas sed .   The  r e s u l t s  

ob ta ined   are  given  in  Table  1. 



The  calcium  content   was  de te rmined   with  an  accuracy  o f  

approx.  50  ppm.  It  can  be  seen  from  Table  1  tha t   the  c a l c i u m  

conten t   of  a  melt  wi thout   magnesium  d e c l i n e s   r a p i d l y   and  t h a t  

a d d i t i o n   of  magnesium  produces  a  change.  - 

5.  Four  melts   each  of  10  kg  of  lead  which  con ta ined   0.39%  o f  

t i n   were  p r epa red   to  which  the  fo l lowing   a d d i t i v e s   were  g i v e n  

( a n a l y s i s   of  melt  as  c a s t ) :  

These  four  q u a n t i t i e s   of  lead  were  each  remel ted   s e p a r a t e l y  

a f t e r   they  had  been  cast   and  ana lysed   and  the  q u a n t i t i e s   of  l e a d  

thus  r emel ted   were  again  cast  and  a n a l y s e d :  

This  shows  tha t   the  calcium  content   of  lead  decreases   by  

r e m e l t i n g ,   but  tha t   t h i s   dec rease   may  be  g r e a t l y   reduced  by  

magnesium. 



Melts  Nos.  6  and  7  were  s u b s e q u e n t l y   again  r e m e l t e d ,   c a s t  

a n d   a n a l y s e d :  

Melt  No.  6:   350  ppm  of  magnesium  and  620  ppm  of  c a l c i u m ,  

Melt  No.  7:   170  ppm  of  magnesium,  50  ppm  of  a lumin ium,  

690  ppm  of  c a l c i u m .  

This  shows  tha t   e v e n  a f t e r   r e p e a t e d   r e m e l t i n g   the  q u a n t i t y  

of  calcium  is  not  g r e a t l y   reduced  i f   magnesium  is  p r e s e n t   in  t h e  

l e a d .  

F i n a l l y   the  magnesium-  and  a l u m i n i u m - c o n t a i n i n g   q u a n t i t y   o f  

l e a d   (melt  No.  7)   was  again  r e m e l t e d ,   cast   and  ana lysed :   160  ppm 
of  magnesium,  50  ppm  of  aluminium  and  600  ppm  of  calcium  w e r e  
s t i l l   p r e s e n t .  

This  shows  t ha t   a l though   the  q u a n t i t y   of  magnesium  d e c r e a s e s  

each  t ime,   the  q u a n t i t y   of  magnesium  which  remains  is  such  t h a t  

i t s   e f f e c t   is  a d e q u a t e .  
6.  A  number  of  l e a d / c a l c i u m / m a g n e s i u m / t i n   a l l oys   c o n t a i n i n g  

0 .35%- t in   were  p r epa red   and-- tes ted   to  de te rmine   t h e i r   c o r r o s i o n  

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

These  t e s t s   show  t h a t   a  dec rease   of  the  magnesium  c o n t e n t  

favours   the  c o r r o s i o n   r e s i s t a n c e   and  t ha t   an  i n c r e a s e   of  t h e  

c a l c i u m   content   reduces   the  c o r r o s i o n   r e s i s t a n c e .  

7 .   In  order  to  get  an  impress ion   of  the  problems  e n c o u n t e r e d  

w h e n   p r e p a r i n g   a  b i n a r y   l e a d / s t r o n t i u m   a l loy   an  amount  o f  

5 0   grams  of  s t r o n t i u m  w a s   t h o r o u g h l y   s t i r r e d   th rough   a  melt  o f  

1 1   kg  of  sof t   lead  at  a  t e m p e r a t u r e   of  430°C.  S u b s e q u e n t l y ,  

t h e   s t r o n t i u m   conten t   was  de termined   to  be  0.20%  and  



a c c o r d i n g l y   the  e f f i c i e n c y   of  the  s t r o n t i u m   a d d i t i o n   was  o n l y  

44%. 

8.  In  order  to  get  an  impress ion   of  the  e f f e c t   of  the  measu re  

accord ing   to  the  i n v e n t i o n ,   an  amount  of  1.15  gram  of  magnesium 

and  an  amount  of  23  grams  of  s t r o n t i u m   were  t h o r o u g h l y   s t i r r e d  

through  a  melt  of  11.5  kg  of  sof t   lead  at  a  t e m p e r a t u r e   of  450°C. 

Thus  100  ppm  magnesium  and  0.20%  s t r o n t i u m   were  added  to  t h e  

lead .   Af te r   s t i r r i n g   the  s t r on t i um  content   of  the  lead  was 
0.18%  and  a c c o r d i n g l y   the  e f f i c i e n c y   of  the  s t r o n t i u m   a d d i t i o n  

was  80%  now. 

9.  An  amount  of  1810  kg  of  sof t   lead  was  mel ted   and  at  480°C 

f i r s t   200  grams'  of  magnesium  and  then  5.5  kg  of  s t r o n t i u m  

was  added  (thus  110  ppm  of  Mg  and  0.30%  of  Sr  were  added)  a n d  

f i n a l l y   750  grams  of  aluminium  (412  ppm)  was  added.  A f t e r  

thorough  s t i r r i n g   a  sample  of  the  melt  was  taken  and  proved  t o  

con ta in   0.27%  s t r o n t i u m   (90%  e f f i c i e n c y   of  the  s t r o n t i u m  

a d d i t i o n ) .   The  melt  was  kept  at  480°C  and  subsequent   samples  

were  taken  a f t e r   0.5  hours ,   1  hour  and  2  hours .   The  s t r o n t i u m  

conten t s   t h e r e o f   were  r e s p e c t i v e l y   0.28%,  0.28%  and  0.29%.  The 

magnesium  content   of  the  l a s t   sample  was  30  ppm.  This  s u g g e s t s  

tha t   the  s t r o n t i u m   in  the  lead  melt  is  p r o t e c t e d   and  can  even  

be  r e d i s s o l v e d   and/or   d i s s o l v e d   g r a d u a l l y   l a t e r   on.  



1.  A  p rocess   for  the  p r e p a r a t i o n   of  lead  c o n t a i n i n g   100-900  ppm 
calcium  and/or   an  e q u i v a l e n t   amount  of  s t r o n t i u m   in  which  t h e  

calcium  and/or   s t r o n t i u m   is  added  to  a  lead  melt  in  e l ementa l   f o r m ,  

as  a  compound  and/or   as  an  a l l o y ,   c h a r a c t e r i z e d   in  tha t   such  an 

amount  of  magnesium  is  also  added  t ha t   l ess   than  100  ppm  magnesium 

is  p r e s e n t   in  the  s o l i d   lead  as  p r e p a r e d .  

2.  A  process   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  tha t   l e s s  

than  2%  s t r o n t i u m   is  added .  

3.  A  p rocess   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  t h a t  

approx.  700  ppm  of  calcium  is  added  to  the  l ead   m e l t .  

4.  A  p rocess   as  c laimed  in  any one  of  claims  1-3,  c h a r a c t e r i z e d  

in  tha t   1-80  ppm  of  magnesium  is  a d d e d .  

5.  A  process   as  claimed  in  any one  of  claims  1-4,  c h a r a c t e r i z e d  

in  t ha t   the  magnesium  is  added  in  the  form  of  a  compound  or  a l l o y .  
6.  A  p rocess   as  claimed  i n - c l a i m   5,  c h a r a c t e r i z e d   in  tha t   a  

magnesium-aluminium  a l l oy   is  added .  

7.  A  p rocess   as  claimed  in  claim  5,  c h a r a c t e r i z e d   in  t ha t   a  

magnes ium-calc ium  a l loy   or  a  magnes ium-s t ron t i um  a l loy   is  a d d e d .  

8.  A  process   as  claimed  in  claim  6,  c h a r a c t e r i z e d   in  tha t   an  

a l l o y   c o n t a i n i n g   30-70%  of  magnesium  is  added .  

9.  A  process   as  claimed  in  any one  of  claims  1-8,  c h a r a c t e r i z e d  

in that   less   than  1%  of  t i n   is  also  added .  

10.  Lead  ob ta ined   with  the  p rocess   as  c laimed  in  any one  of  t h e  

p r eced ing   c l a i m s .  

11.  B a t t e r y   p l a t e s   or  gr ids   ob ta ined   from  a  lead  melt  o b t a i n e d  

with  the  process   as  c l a i m e d  i n   any one  of  claims  1 -9 .  
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