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CALCIUM

C a l c i u m  ie a  m e m b e r  of the  a l k a l i n e  e a r t h  f a m i l y  ( g r o u p  Ila)  

of the  p e r i o d i c  t a b l e  a n d  r a n k s  f i f th  in a b u n d a n c e  of a l l  the  e le m e n t®  

in the  e a r t h ' s  c r u s t .  T h e  w o r d ,  c a l c i u m ,  is  d e r i v e d  f r o m  th e  L a t in  

w o r d ,  c a lx ,  m e a n i n g  l i m e ,  w h ic h  is  th e  c o m m o n  o x id e  f o r m  of th e  e l e 

m e n t .  T h o u g h  c a lx  w a s  p r e p a r e d  by the  H o m a n s  in  th e  f i r s t  c e n t u r y ,  it  

w a s  not  u n t i l  1808 t h a t  e l e m e n t a l  c a l c i u m  w a s  d i s c o v e r e d  by S i r  H u m p h r e y  

D avy  and  i n d e p e n d e n t l y  a t  a b o u t  the  s a m e  t i m e  by B e r z e l i u s  a n d  P o n t i n .

D avy  p r e p a r e d  th e  m e t a l  by the  e l e c t r o l y s i s  o f  c a l c i u m  c h l o r i d e  w h e r e a s  

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

a n d  r e m o v e d  th e  m e r c u r y  by d i s t i l l a t i o n .

D u r in g  a n d  s u b s e q u e n t  to  W o r ld  W a r  II c a l c i u m  m e t a l  h a s  b e e n  

p r o d u c e d  in t o n n a g e  q u a n t i t i e s  f o r  u s e  a s  a  r e d u c i n g  a g e n t  in  th e  p r e p a r a 

t io n  of s e v e r a l  of  th e  l e s s  c o m m o n  m e t a l s ,  an  a l l o y in g  a g e n t  f o r  a l u m i 

n u m ,  s i l i c o n  a n d  l e a d ,  a d e b i s m u t h i z e r  f o r  l e a d ,  a  d e c a r b u r i z e r , d e s u l f u r i z e r  

a n d  d e o x i d i z e r  f o r  f e r r o u s  m e t a l s  an d  a l l o y s ,  a d e h y d r a t i n g  a g e n t  f o r  a l c o 

hol a n d  o t h e r  o r g a n i c  s o l v e n t s ,  a n d  f o r  the  p u r i f i c a t i o n  o f  a r g o n  a n d  o t h e r  

r a r e  g a s e s .

P r i o r  to  1939 c a l c i u m  m e t a l  w as  p r o d u c e d  e x c l u s i v e l y  in F r a n c e  an d  

G e r m a n y .  T h e  U n i t e d  S t a t e s  i m p o r t e d  b e t w e e n  t e n  a n d  t w e n t y - f i v e  to n s  of 

the  m e t a l  a n n u a l l y  f r o m  F r a n c e  d u r in g  the  two d e c a d e s  p r e c e d i n g  th i s  

d a t e .  In 1939 a t  the  o u t b r e a k  of W o r ld  W a r  II the  E l e c t r o  M e t a l l u r g i c a l  

C o r p o r a t i o n  (3) of the  U n i te d  S t a t e s  b e g a n  the  c o n s t r u c t i o n  of a  p l a n t
/

a t  S a u l t  S te .  M a r i e ,  M ic h ig a n ,  b a s e d  on  the F r e n c h  e l e c t r o l y t i c  p r o c e s s .

In 1940 w h en  F r a n c e  w as  o c c u p ie d  by the  G e r m a n  a r m i e s  th e  p r o d u c t i o n
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c a p a c i t y  of  t h e  E l e c t r o m e t  p l an t  w a s  f u r t h e r  e x p a n d e d  by the  i n s t a l l a 

t i o n  of  n e w  e l e c t r i c a l  g e n a i  a l o r  s and  o t h e r  e q u i p m e n t .

B e c a u s e  of  the  d e m a n d s  of the  U n i t e s  S t a t e s  g o v e r n m e n t  f o r  i n 

c r e a s e d  q u a n t i t i e s  of m e t a l l i c  c a l c i u m  d u r i n g  W o r ld  W a r  II, a l t e r n a t i v e  

p r o c e s s e s  w e r e  i n v e s t i g a t e d .  High  p u r i t y  c a l c i u m  w a s  r e q u i r e d  in i n 

c r e a s e d  a m o u n t s  a s  the  r e d u c i n g  a g e n t  in the  p r o d u c t i o n  of  u r a n i u m  fo r  

the  a t o m i c  e n e r g y  p r o g r a m  an d  by the  U n i t e d  S t a t e s  A r m y  S i g n a l  C o r p s  

f o r  th e  p r e p a r a t i o n  of c a l c i u m  h y d r i d e  by th e  d i r e c t  u n io n  of c a l c i u m  an d  

h y d r o g e n .  T h e  h y d r i d e  w a s  u s e d  a s  a s o u r c e  of h y d r o g e n  f o r  m e t e o r o 

l o g i c a l  b a l l o o n s  s i n c e  i t  w a s  e a s i l y  t r a n s p o r t e d  to the  m o r e  r e m o t e  a r e a s .  

T h e s e  a n d  o t h e r  m i l i t a r y  r e q u i r e m e n t s  p r o v i d e d  i m p e t u s  to the  d e v e l o p 

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

T h i s  m e t h o d  i s  now the  b a s i c  p r o c e s s  of  the New E n g l a n d  L i m e  C o m p a n y  

a n d  a l s o  of  the  D o m i n i o n  M a g n e s i u m  Ltd .  of C a n a d a  fo r  the  p r o d u c t i o n  of 

c a l c i u m .

O C C U R R E N C E

B e c a u s e  of  i t s  c h e m i c a l  r e a c t i v i t y  c a l c i u m  d o c s  not  o c c u r  in n a t u r e  

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

the  c a r b o n a t e s ,  h a l i d e s  a n d  s u l f a t e s .  C a l c i u m  c a r b o n a t e ,  C a C O  y  o c c u r  s 

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

i s  the  d i h y d r a t e ,  C aSO^ • ZH^O,  w h i c h  o c c u r s  e i t h e r  a s  g y p s u m  o r  a l a 

b a s t e r .  C a l  : i u m  f l u o r i d e  o c c u r s  a s  the  m i n e r a l  f l u o r i t e  o r  f l u o r s p a r ,  

C a F ^ ,  a n d  c a l c i u m  c h l o r i d e  a s  t a c h h y d r i t e ,  C a C l ^  * i M g C l ^ '  12H^O. 

C a l c i u m  c h i t  r i d e  i s  p r e s e n t  in s e a  w a t e r  to the  e x t e n t  of ab o u t  0. 15%.

( 2

#



3

An i m p o r t a n t  s o u r c e  of p u r e  C a C l ^  is  the  S o lv a y  s o d a  p r o c e s s  of w h ic h  

the  c h l o r i d e  is  a  b y - p r o d u c t .  P r o b a b l y  the  m o s t  i m p o r t a n t  m i n e r a l  in 

th e  p r o d u c t i o n  of c a l c i u m  m e t a l  is  l i m e s t o n e .  A s o u r c e  o f  h ig h  g r a d e  

l i m e s t o n e  i s  e s s e n t i a )  to  th e  a l u m i n u m  r e d u c t i o n  p r o c e s s  s i n c e  the  p u r i t y  

of the  m e t a l  o b t a i n e d  i s  d e p e n d e n t  upon  the  q u a l i t y  of th e  s t a r t i n g  i n g r e 

d i e n t s .  T h e  N e w  E n g l a n d  L im e  C o m p a n y  of C a n a a n ,  C o n n e c t i c u t ,  w h ic h  

i s  the  l a r g e s t  p r o d u c e r  of c a l c i u m  m e t a l  in the  U n i te d  S t a t e s ,  u s e s  a  l i m e 

s to n e  f r o m  d e p o s i t s  n e a r  A d a m s ,  M a s s a c h u s e t t s .  The  l i m e s t o n e  is  

c a l c i n e d  to th e  o x id e  in a l i m e  k i ln  a t  1200*C to g ive  a  p r o d u c t  w i th  the  

fo l lo w in g  t y p i c a l  a n a l y s i s :  0. 5% l o s s  on  ig n i t io n ,  97. 5% C a O ,  0. 65% MgO, 

0. 7% S iO z , 0. 6% F e 20 3 a n d  A l ^ .  0. 6% N a z O an d  0. 009% K z O.

P H Y S IC A L  P R O P E R T I E S

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

c o n d i t i o n s ,  is  e x t r e m e l y  so f t  a n d  d u c t i l e  an d  h a s  a low  t e n s i l e  s t r e n g t h .  

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

o r  a s  a b a s e  m e t a l  in  c o m m e r c i a l  a p p l i c a t i o n s .  S o m e  of  th e  m o r e  

i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  of c a l c i u m  a r e  l i s t e d  in T a b l e  I.

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

p o r t e d ,  a  f a c e - c e n t e r e d  c u b ic  f o r m  a t  r o o m  t e m p e r a t u r e ,  h e x a g o n a l  an d  

c o m p l e x  f o r m s  b e tw e e n  300 an d  500*C  a n d  a  b o d y - c e n t e r e d  c u b ic  f o r m  a t  

h i g h e r  t e m p e r a t u r e s .  L a t e r  w o rk  by S m i t h  (2 2 ,2 3 )  on h i g h - p u r i t y  c a l c i u m  

i n d i c a t e s  t h a t  i t  i s  d i m o r p h i c  w i th  a  f a c e - c e n t e r e d  c u b ic  f o r m  a t  r o o m  

t e m p e r a t u r e  t r a n s f o r m i n g  to  b o d y - c e n t e r e d  c u b ic  a t  464 *C. T h e  h e x a g o n a l  

a n d  c o m p l e x  f o r m s  w e r e  fo u n d  to  be a s s o c i a t e d  w i th  the  p r e s e n c e  of 

c a r b o n ,  n i t r o g e n  an d  h y d r o g e n  i m p u r i t i e s  in the  m e t a l .
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T a b l e  I

P h y s i c a l  P r o p e r t i e s  of C a l c i u m  M e ta l  (6, 18, 23)

A to m ic  n u m b e r 20

A to m ic  w e ig h t 40 .  08

M e l t in g  p o in t 838*C

B o i l in g  p o in t 1440 *C

C r y s t a l  f o r m s fee  a n d  bcc

T r a n s f o r m a t i o n  t e m p e r a t u r e 464*C

L a t t i c e  c o n s t a n t s 5. 5 8 2 A (fee)  
4. 477A  (bcc)

D e n s i ty 1. 55 g / c c  a t  2 0 *C ,

C o e f f i c i e n t  o f  t h e r m a l  e x p a n s io n  
26* to  3 7 0 *C 
465* to  6 00*C

22. 3 x 1 0 '£  p e r  *C 
3 3 . 6  x 10 p e r  *C

H e a t  o f  f u s io n 52 c a l / g

H e a t  of v a p o r i z a t i o n 1000 c a l / g

H e a t  of c o m b u s t i o n 3783 c a l / g

T e n s i l e  s t r e n g t h 6900 p s i

Y ie ld  s t r e n g t h 1990 p s i

M o d u lu s  of e l a s t i c i t y 3. 2 - 3 . 8  x 10^ p s i

H a r d n e s s
B r i n e l l
R o c k w e l l  B

1 6 -18
3 6 -4 0

V e r y  l i t t l e  i n f o r m a t i o n  is  a v a i l a b l e  on the m e c h a n i c a l  w o r k in g  of 

c a l c i u m .  It h a s  b e e n  e x t r u d e d  in to  w i r e  o r  r o d s  a t  420*C  and  c a s t  in to  

in g o ts  u n d e r  a p r o t e c t i v e  f lu x  o r  an  i n e r t  g a s .  C a l c i u m  c a n  be m e l t e d  in 

an i r o n  c r u c i b l e  u n d e r  an  i n e r t  a t m o s p h e r e  at 900*C  an d  c a s t  in to  in g o t
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f o r m .  T h i s  g e n e r a l l y  r e s u l t s  in a h ig h  c o n c e n t r a t i o n  of v o id s  o r  c a v i t i e s  

w i th  the  de i s i ty  of the  c a s t i n g  ly ing  b e t w e e n  1 . 4 2  and  1 . 4 5  g / t c  .which is  

only  90% of the t h e o r e t i c a l  d e n s i t y .  C o m p r e s s i o n  of the  i n g o t  u n d e r  a 

h y d r o s t a t i c  p r e s s u r e  of 40 t o n s / i n ^  g i v e s  a d e n s i t y  of 1. 54 g / c c  v e r y  c l o s e  

to the  t h e o r e t i c a l  v a l u e .

C a l c i u m  is so f t  a n d  d u c t i l e  w i th  a h a r d n e s s  b e t w e e n  t h a t  of s o d i u m

an d  p u r e  a l u m i n u m  bo th  of w h i c h  a r e  g e n e r a l l y  c o n s i d e r e d  to be s o f t  m e t a l s .

. #
C H E M I C A L  P R O P E R T I E S

C a l c i u m  is  a  s t r o n g l y  e l e c t r o p o s i t i v e  e l e m e n t  w i th  an  e l e c t r o 

n e g a t i v i t y  v a lu e  of 1 . 0  on  P a u l i n g ' s  s c a l e .  C a l c i u m  is m o r e  r e a c t i v e  t h a n  

m a g n e s i u m  an d  o n ly  s l i g h t l y  l e s s  a c t i v e  t h a n  s t r o n t i u m  a n d  b a r i u m .  A 

f r e s h l y  cu t  s v r f a c e  of c a l c i u m  is  s i l v e r y  w h i t e  in a p p e a r a n c e  bun t a r n i s h e s  

r a p i d l y  upon  e x p o s u r e  to m o i s t  a i r  due to the  f o r m a t i o n  of a l a y e r  of 

C a l c i u m  is  r e l a t i v e l y  i n e r t  to d r y  o x y g e n  and  n i t r o g e n  at  

o r d i n a r y  t e m p e r a t u r e s ,  but  r e a c t s  r a p i d l y  w i th  o x y g e n  a t  300*C a n d  a b o v e  

an d  w i th  n i t r o g e n  a t  900*C to f o r m  the  n i t r i d e ,  C a ^ N ^ .

C a l c i u m  r e a c t s  r e a d i l y  w i th  f l u o r i n e  a t  r o o m  t e m p e r a t u r e s  an d

vio lenc ly  wi th a l l  of the  h a l o g e n s  a t  4 0 0 * C.  It r e a c t s  r e a d i l y  w; th  a m m o n i a
•

to f o r m  C a ( N H J ,  an d  C a (N H _ )_ ,  v/ith c a r b o n  d io x id e  to f o r m  C a C ,  and5 o z a z
C a O  an d  b e c o m e s  i n c a n d e s c e n t  in h y d r o g e n  a t  400 to 500*C to f o r m  CaH-, .  

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

750 a n d  900*C a n d  r e a c t s  e x o t h e r m i c a l l y  w i th  w a t e r  a s  f o l l o w s

C a H ? + H zO — C a ( O H ) 2 + 2H .

T h e  ab o v e  r e a c t i o n  i s  the  b a s i s  fo r  the u s e  of the h y d r i d e  a s  a c a r r i e r  f o r

h y d r o g e n  g a s .
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T h e  m o s t  c o m m o n  i m p u r i t i e s  in c o m m e r c i a l  c a l c i u m  a r e  c a r b o n ,  

o x y g e n ,  c h l o r i n e ,  n i t r  >gen, i r o n ,  n i c k e l ,  m a n g a n e s e ,  a l u m i n u m  arid 

m a g n e s i u m .  T h e  c a r b o n  c o n t e n t  is  d e t e r m i n e d  b^ the c o m b u s t i o n  m e t h o d  

and n i t r o g e n  by the K j e l d a h l  m e t h o d .  S m a l l  a m o u n t s  of i r o n ,  n i c k e l  and  

a l u m i n u m  a r e  d e t e r m i n e d  in c a l c i u m  s p e c t r o p h o t o m e t r i c a l l v  ( 1 1 , 2 6 )  o r  

s p e c t r o g r a p h i c a l l y . M a g n e s i u m  in the r a n g e  ol 1 to 1000 p p m  is d e t e r 

m i n e d  by s p e c t r o g r a p h i c  a n a l y s i s .  O x y g en  c a n  be d e t e r m i n e d  by the  c o n 

v e r s i o n  of c a l c i u m  ox ide  in the  m e t a l  to w a t e r  an d  t i t r a t i n g  th i s  by the  

K a r l  F i s c h e r  r e a g e n t  (10).

M A N U F A C T U R E

T w o  b a s i c  m e t h o d s  a r e  e m p l o y e d  in the p r o d u c t i o n  of c a l c i u m  m e t a l ,  

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

c a l c i u m  o x i d e .  Both  p r o c e s s e s  y i e l d  a r e l a t i v e l y  c r u d e  p r o d u c t  th a t  c a n  

be p u r i f i e d  by v a c u u m  d i s t i l l a t i o n .  O t h e r  m e t h o d s  t h a t  h a v e  b e e n  i n 

v e s t i g a t e d  on the  e x p e r i m e n t a l  s c a l e  on ly ,  a r e  the  t h e r m a l  d e c o m p o 

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

c h i t  r i d e  w i th  s o d i u m  an d  the  r e d u c t i o n  of a c a l c i u m  s a l t  wi th  s i l i c o n ,  

t i t a n i u m ,  a l u m i n u m  o r  b e r y l l i u m .  M o s t  of t h e s e  m e t h o d s  r e s u l t  e i t h e r  

in low y i e l d s  o r  in r e a c t i o n s  w h i c h  would  be d i f f i cu l t  to c a r r y  out  on a 

l a r g e  s c a l e .

P e r h a p s  th e  m e t h o d  t h a t  s h o w s  the m o s t  p r o m i s e  a s  an a l t e r n a t i v e  

c o m m e r c i a l  p r o c e s s  is the  t h e r m a l  d e c o m p o s i t i o n  of C a C . .  In 1958 the
Cm

A i r  R e d u c t i o n  C o m p a n y ,  Inc .  , of  New Y o rk ,  w as  g r a n t e d  a p a t e n t  on 

the p r e p a r a t i o n  of c a l c i u m  by th i s  m e t h o d  (13).  C a l c i u m  c a r b i d e

%
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*

c o n t a i n i n g  s o m e  l i m e  i s  h e a t e d  to i t s  d i s s o c i a t i o n  t e m p e r a t u r e  an d  the 

c a l c i u m  v a p o r  c o l l e c t e d  a f t e r  CO and  o t h e r  e x t r a n e o u s  g a s e s  hav e  b e e n  

r e m o v e d .  T h e  USSR C e n t r a l  S c i e n t i f i c  R e s e a r c h  I n s t i t u t e  f o r  F e r r o u s  

M e t a l s  (19) a l s o  r e p o r t s  the  p r e p a r a t i o n  of  c a l c i u m  m e t a l  by the  t h e r m a l  

d e c o m p o s i t i o n  of C a C ^ .  At a d e c o m p o s i t i o n  t e m p e r a t u r e  of  1720 to  1770*C 

and a p r e s s u r e  of  0. 5 to 1 . 0  m m ,  m e t a l  of 95 to 98% p u r i t y  w a s  o b t a i n e d  in 

y i e l d s  of 80%.

E l e c t r o l y t i c  M e t h o d - - F o r  m o r e  t h a n  t h i r t y - f i v e  y e a r s  p r i o r  to 1940,  

c a l c i u m  m e t a l  w a s  p r o d u c e d  a l m o s t  e n t i r e l y  by an  e l e c t r o l y t i c  p r o c e s s  (15).  

A d e p o s i t  of  m e t a l l i c  c a l c i u m  c o n t a i n i n g  15 to 25% e n t r a p p e d  s a l t s  is
v ?

p r o d u c e d  by the  e l e c t r o l y s i s  of c a l c i u m  c h l o r i d e .  T h i s  d e p o s i t ,  r e f e r r e d  

to a s  a " c a r r o t " ,  c o n t a i n s  c o n s i d e r a b l e  q u a n t i t i e s  of c h l o r i d e ,  o x i d e ,  

n i t r i d e ,  c a r b o n ,  a l k a l i  and  a l k a l i n e  e a r t h  i m p u r i t i e s .  T h e  c a r r o t  i s  s u b 

s e q u e n t l y  r e m e l t e d  to r e m o v e  m a n y  of t h e s e  i m p u r i t i e s  but  g r e a t e r  t h a n  

0. 5% c h l o r i n e  an d  a p p r e c i a b l e  a m o u n t s  of n i t r o g e n  a r e  r e t a i n e d  in the  

f ina l  m e t a l .

A c e l l  of the type  s h o w n  in F i g .  1 is  o p e r a t e d  at  780 to 800 *C w h i c h  

is  j u s t  ab ove  the m e l t i n g  p o in t  of C a C l ^ .  T h e  c e l l  c o n s i s t s  of  a g r a p h i t e  

l i n e r  i n s i d e  a s t e e l  c a s i n g  in w h i c h  f u s e d  c a l c i u m  c h l o r i d e  is  c o n t a i n e d .

An u n m e l t e d  l a y e r  of C a C l ^  a d h e r e s  to the  l i n e r  wal l  arid b o t t o m  th u s  

m i n i m i z i n g  the i n t e r a c t i o n  of the  s a l t  w i th  the g r a p h i t e  l i n e r .  C a l c i u m  is 

c o l l e c t e d  on a w a t e r - c o o l e d  c a t h o d e  of e i t h e r  g r a p h i t e  o r  i r o n  w h i c h  is 

g r a d u a l l y  r a i s e d  f r o m  the  m e l t  a s  the  d e p o s i t  a c c u m u l a t e s .  T h e  c e l l  is  

b r o u g h t  to o p e r a t i n g  t e m p e r a t u i e  by p a s s a g e  of an a l t e r n a t i n g  c u r r e n t
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t h r o u g h  the  s a l t  a f t e r  w h ic h  the  t e m p e r a t u r e  i s  m a i n t a i n e d  by the  d i r e c t  

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

T h e  p o w e r  c o n s u m p t i o n  of a c e l l  of th i s  ty p e  is  1 5 to  25 k w - h r  p e r  

p o u n d  of m e t a l  p r o d u c e d  a n d  th e  e f f i c i e n c y  is  a p p r o x i m a t e l y  60% b a s e d  

on  the  a m o u n t  of m e t a l  o b t a i n e d  p e r  po u n d  of C a C l^  c o n s u m e d .  

A l u m i n o t h e r m i c  M e t h o d - - T h e  r e d u c t i o n  of l i m e  w i th  a l u m i n u m  w a s  f i r s t  

a t t e m p t e d  by B i l t z  in the  e a r l y  1920 s .  He o p e r a t e d  on  a s m a l l  l a b o r a t o r y  

s c a l e  a n d  o b t a i n e d  o n ly  low r e c o v e r i e s .  T h e  m e t h o d  w a s  d e v e l o p e d  in to  

a  c o m m e r c i a l  p r o c e s s  by the  New E n g la n d  L i m e  C o m p a n y  (14) d u r i n g  the  

e a r l y  p a r t  of W o r ld  W a r  II. T h e  r e d u c t i o n  p r o c e e d s  by th e  fo l lo w in g  

r e a c t i o n

6 C aO  + 2A1 — 3C a  + 3C aO  * A12C>3.

It i s  c a r r i e d  ou t  u n d e r  a d y n a m i c  v a c u u m  a t  1200*C w i th  the  c a l c i u m  

b e in g  d i s t i l l e d  f r o m  the  r e a c t i o n  zo n e .

F lo w  S h e e t  of A l u m i n u m  R e d u c t i o n  P r o c e s s

L i m e s t o n e

Al
P o w d e r

C a l c i n e r s
4

C aO  —
*

G r i n d e r s
\

M ix e r
I „

B r i q u e t t e  P r e s s

R e t i r t
*

V a c u u m  D i s t i l l a t i o n  

C a l c i u m  R e s i d u e
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An e x c e s s  of  p u l v e r i z e d  l i m e  i s  m i x e d  w i th  a l u m i n u m  p o w d e r  and 

p r e s s e d  in to  b r i q u e t t e s .  T h e s e  a r e  c h a r g e d  in to  a s t a i n l e s s  s t e e l  r e t o r t  

in  a  hot  f u r n a c e  an d  a v a c u u m  is t h e n  d r a w n  on the  s y a t e m .  T he  c h a r g e  

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

on  a  w a t e r - c o o l e d  c o n d e n s e r  a s  a c y l i n d r i c a l  m a s s  r e f e r r e d  to a s  a 

" c r o w n " .  T y p i c a l  a n a l y s i s  of the  m a t e r i a l  t h u s  p r o d u c e d  i s  a s  f o l l o w s :

0. 3 - 1 . 0 %  Mg,  0. 1-0.  2% Al,  0. 0 2 - 0 .  05% Mn, 0. 0 2 - 0 .  1% N, 0. 01% F e  and  

0. 02% Si .

P i d g e o n  an d  A t k i n s o n  (21) h a v e  c o n c l u d e d  f r o m  t h e r m o d y n a m i c  d a t a  

an d  o t h e r  c a l c u l a t i o n s  t h a t  the  r e d u c t i o n  p r o c e e d s  by th e  r e a c t i o n  of  s o l i d  

l i m e  w i th  a l u m i n u m  v a p o r .  T h e  c o n t i n u o u s  r e m o v a l  of  c a l c i u m  by d i s t i l l a 

t i o n  a n d  the f o r m a t i o n  of c a l c i u m  a l u m i n a t e  by r e a c t i o n  of the  Al^O^ p r o d u c t  

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

R e d i s t i l l a t i o n - - T h e  u s e  of c a l c i u m  a s  the  r e d u c t a n t  in the  p r e p a r a t i o n  of 

o t h e r  m e t a l s  r e q u i r e s  a h i g h e r  p u r i t y  m a t e r i a l  t h a n  t h a t  n o r m a l l y  o b t a i n e d  

by e i t h e r  of  the  a b o v e  m e t h o d s .  T h e  a p p a r a t u s  s h o w n  in F i g .  2 h a s  b ee n  

e m p l o y e d  a t  the  A m e s  L a b o r a  o r y  (4) to  p r o d u c e  s e v e r a l  t o n s  of p u r i f i e d  

c a l c i u m .  A p p r o x i m a t e l y  200 lbs  of m e t a l  c a n  be d i s t i l l e d  p e r  b a t c h  in 

t h i s  e q u i p m e n t .  T h e  d i s t i l l e d  c a l c i u m  c o l l e c t s  on  the  s k i r t  and  c o n d e n s e r  

a s  a b r i g h t ,  f i b r o u s  d e p o s i t .  T h e  t e m p e r a t u r e  of  the  c o n d e n s e r  is  m a i n t a i n e d  

a t  300 ♦ 50*C d u r i n g  the  d i s t i l l a t i o n  by a f low of a i r  o n to  the  e x t e r n a l  s u r f a c e .  

A d y n a m i c  v a c u u m  of  l e s s  t h a n  5 m i c r o n s  p r e s s u r e  i s  m a i n t a i n e d  on the  

s y s t e m  u s i n g  a  h igh  c a p a c i t y  oi l  d i f f u s i o n  p u m p  b a c k e d  by a 115 c f m  

m e c h a n i c a l  p u m p .  T h e  r e t o r t  i s  h e a t e d  to 900 to 9 2 5 #C in a g a s - f i r e d



11

AIR

DOLOMITIC OXIDE 
INSULATION

THERMOCOUPLE 
SHIELD

THERMOCOUPLE 
WELLS

S. S. CONDENSER 

THERMOCOUPLE WELL 

kTER JACKETS

COOLING FINS

S. BAFFLE

310 Cb SS RETORT

CRUDE CALC AIM

F ig u r e  Z

RETORT ASSEMBLY FOR REDISTILLATION OF
CALCIUM METAL



12

f u r n a c e  to  g iv e  a  d i s t i l l a t i o n  r a t e  of a b o u t  25 lb s  of c a l c i u m  p e r  h o u r .

T h e  c o n d e n s a t e  is  r e m o v e d  q u ic k ly  and  a l l  s u b s e q u e n t  g r i n d i n g  and  

s c r e e n i n g  of the  c a l c i u m  c a r r i e d  ou t  in a  d r y  r o o m .

T y p i c a l  a n a l y s i s  of the a l u m i n u m - r e d u c e d  c a l c i u m  b e f o r e  an d  a f t e r  

d i s t i l l a t i o n  is  p r e s e n t e d  in T a b l e  II. P u r i f i c a t i o n  of e l e c t r o l y t i c  c a l c i u m  

by th i s  p r o c e d u r e  l i k e w i s e  r e s u l t s  in the  r e m o v a l  of m o s t  i m p u r i t i e s  bu t  

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

a r e  c a r r i e d  o v e r  d u r in g  d i s t i l l a t i o n .

T a b l e  II

E f f e c t  of D i s t i l l a t i o n  on  P u r i t y  of C a l c i u m  M e ta l

I m p u r i t y B e f o r e  D i s t i l l a t i o n ,  wt % A f t e r  D i s t i l l a t i o n ,  wt %

A l u m i n u m 0 . 1 0 . 0 0 2

M a g n e s i u m 0 . 5 0 . 5

M a n g a n e s e 0 . 05 0 . 002

N i t r o g e n 0 . 06 0 . 005

O x y g e n 0 . 3 0 . 03

I r o n 0 . 0 1 0 . 005

S i l i c o n 0 . 02
•

0 . 001

E q u i p m e n t  s i m i l a r  to th a t  d e s c r i b e d  ab o v e  is u s e d  by th e  N ew E n g la n d  

L im e  C o .  ' o r  r e d i s t i l l i n g  c o m m e r c i a l  q u a n t i t i e s  of c a l c i u m  m e t a l .  R e 

d i s t i l l e d  ; a l c i u m  is  a l s o  p r o d u c e d  by D o m in io n  M a g n e s i u m  L td .  u s in g  a

s i m i l a r  p r o c e d u r e .

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

har, b e e n  c a r r i e d  out  by s e v e r a l  i n v e s t i g a t o r s  (5, 12, 16, 23). M e ta l  of 

°9 .  p u r i t y  c o n ta in in g  l e s s  th an  0 .0 1  wt % m a g n e s i u m  h a s  b e e n  p r e p a r e d
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a t  Iowa  S t a t e  U n i v e r s i t y  f o r  u s e  in r e s e a r c h  on th e  p r o p e r t i e s  of  c a l c i u m  

m e t a l .  L i k e w i s e ,  s c i e n t i s t s  a t  the  L o s  A l a m o s  S c i e n t i f i c  L a b o r a t o r y  h a v e  

p r e p a r e d  100-g  q u a n t i t i e s  of c a l c i u m  of  9 9 . 9 5 %  p u r i t y  c o n t a i n i n g  l e s s  t h a n  

1 p p m  m a g n e s i u m .  T h i s  m a t e r i a l  is  u s e d  in the  p r e p a r a t i o n  of  h igh  

p u r i t y  u r a n i u m  a n d  f o r  o t h e r  u s e s .  A l e x a n d e r  (2) d e v e l o p e d  a  m e t h o d  f o r  

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

th e  v a p o r s  o v e r  T i C ^ .  Z r O ^  o r  C r ^ O ^  p o w d e r s .  T h e  a l k a l i  m e t a l s  r e a c t  

w i th  the  r e f r a c t o r y  o x i d e s  to  f o r m  n o n - v o l a t i l e  N a ^ O  o r  K 20 .

P r o d u c t i o n  of C a l c i u m  Al loy  s - - C a lc  m m  h y d r i d e  h a s  b e e n  p r o d u c e d  c o m 

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

t u r e s  a s  low a s  2 50*C a t  an  i n i t i a l  p r e s s u r e  of 50 c m  of  Hg.  T h e  u s e  of 

h i g h  p u r i t y  c a l c i u m  a s  the  s t a r t i n g  m a t e r i a l  r e s u l t s  in h i g h e r  y i e l d s  of the 

h y d r i d e  w i th  y i e l d s  of  99.  2% be ing  o b t a i n e d  by r e a c t i o n  w i th  h y d r o g e n  o v e r  

a 2 - h r  p e r i o d .  A l e x a n d e r  (1) d e v e l o p e d  a c h e a p e r  a n d  m o r e  d i r e c t  m e t h o d  f o r  

p r o d u c i n g  the  h y d r i d e  f r o m  l i m e  by the fo l l o w in g  p r o c e d u r e :

C a O  ♦ Mg ♦ H 2 — C a H 2 + MgO

A C a  - Si a l l o y ,  c o n t a i n i n g  6 0 -6 5 %  Si ( a p p r o x i m a t e l y  C a S L )  i s  p r o 

d u c e d  by an  e l e c t r i c  a r c  p r o c e s s  u t i l i z i n g  the fo l lo w in g  r e a c t i o n :

C a C 2 ♦ 2 S i 0 2 + C — C a S i 2 + 2CO ♦ CC>2 .

E C O N O M I C  A S P E C T S  (20)

C o m p l e t e  p r o d u c t i o n  f i g u r e s  on c a l c i u m  m e t a l  a r e  not  a v a i l a b l e  

f r o m  s e v e r a l  s u p p l i e r s  in  t h e  w o r l d  m a r k e t ,  p a r t i c u l a r l y  in th e  U n i t e d  %

S t a t e s  an d  the  USSR.  D o m i n i o n  M a g n e s i u m  L i m i t e d  of C a n a d a  r e p o r t e d  the  

p r o d u c t i o n  of 7 1 , 6 1 0  lbs  of m e t a l  in 1959 and  2 5 , 2 2 7  in 1958, r e f l e c t i n g  

the  v a r i a b i l i t y  of the  m a r k e t .  U n i t e d  S t a t e s  i m p o r t  f i g u r e s  f o r  t h e  p e r i o d
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of  1951 t h r o u g h  1960 ( s e c  T a b l e  III) show  t h e s e  s a m e  v a r i a t i o n s  in the  

d e m a n d  f o r  the  c o m m e r c i a l  g r a d e  c a l c i u m  a n d  f o r  the  C a - S i  a l lo y .

T a b l e  III

U n i t e d  S t a t e s  I m p o r t s  of C a l c i u m  an d  C a l c i u m  A l lo y s

Y e a r C a l c i u m C a - S i  A lloy

1 9 5 1 -5 5  ( a v e . ) 7 4 0 ,2 1 7 173, 450

1956 8, 387 1 9 4 ,8 6 9

1957 2 4 , 2 0 4 4 9 8 ,7 3 5

1958 15, 694 1 3 0 ,8 6 6

1559 7 ,4 2 5 918, 556

I9 6 0 1 2 ,6 1 8 3 5 2 ,7 6 2

N e a r l y  a l l  o f  th e  c a l c i u m  m e t a l  i m p o r t e d  by the  U n i t e d  S t a t e s  

d u r i n g  t h i s  p e r i o d  w a s  o b t a i n e d  f r o m  C a n a d a .  T h e  C a - S i  a l lo y  is  p r o 

d u c e d  in  l a r g e  q u a n t i t i e s  in  F r a n c e ,  N o rw a y ,  C a n a d a ,  G e r m a n y ,  J a p a n  

a n d  the  U n i t e d  K i n g d o m .  W hile  the  C a - S i  a l lo y  w a s  a l s o  p r o d u c e d  in the  

U n i t e d  S t a t e s ,  t o t a l  p r o d u c t i o n  an d  c o n s u m p t i o n  f i g u r e s  f r o m  t h a t  c o u n t r y  

a r e  no t  a v a i l a b l e .

T h e  I9 6 0  p r i c e s  q u o te d  by th e  New E n g la n d  L i m e  C o m p a n y  v a r i e d  

f r o m  $ 0 . 9 5  to $3 p e r  p o u n d  f o r  c o m m e r c i a l - g r a d e  c a l c i u m ,  d e p e n d in g  u p o n  

th e  q u a n t i t y  a n d  f o r m  d e s i r e d .  F o r  r e d i s t i l l e d  c a l c i u m  th e y  v a r i e d  f r o m  

$ 1 . 5 0  to $3 .  75 p e r  p o u n d .  C a n a d i a n  p r i c e s  w e r e  $0. 90 p e r  p o u n d  f o r  

c o m m e r c i a l  c a l c i u m  a n d  $3. 50 f o r  the  h i g h e r  p u r i t y  m a t e r i a l .  U n io n  

C a r b i d e  a n d  C a r b o n  s o ld  e l e c t r o l y t i c  c a l c i u m  a t  $2 .  05 to  $3. 30 p e r  p o u n d ,  

w i th  r e d i s t i l l e d  m e t a l  q u o te d  a t  $3. 75 to  $4. 55. T h e  C a - S i  a l lo y  w as  p r i c e d  

a t  $ 0 . 2 8  p e r  p o u n d  in  t o n n a g e  q u a n t i t i e s .
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USES

U n d o u b t e d l y  one  of the  m o s t  i m p o r t a n t  u s e s  f o r  c a l c i u m  m e t a l  in
v

r e c e n t  y e a r s  h a s  b e e n  a s  a r e d u c i n g  a g e n t  fo r  p r e p a r i n g  m a n /  o f  the

l e s s  c o m m o n  m e t a l s .  B e c a u s e  of  i t s  s t r o n g l y  e l e c t r o p o s i t i v e  n a t u r e  an d

the  h igh  e n e r g y  of f o r m a t i o n  of i t s  o x i d e  an d  h a l i d e  c o m p o u n d s ,  c a l c i u m  is

an e f f e c t i v e  r e d u c i n g  a g e n t  f o r  m a n y  m e t a l s  a n d  a l l o y s .  Z i r c o n i u m  ( 7 , 9 ) ,

h a f n i u m  (7),  v a n a d i u m  (17),  t u n g s t e n ,  t h o r i u m  (27) ,  u r a n i u m  (28) ,  y t t r i u m  (8),

s c a n d i u m  (25) a n d  m o s t  of th e  r a r e - e a r t h  m e t a l s  (24) h a v e  b e e n  p r e p a r e d

by the  r e d u c t i o n  of t h e i r  o x i d e s  o r  f l u o r i d e s  w i th  c a l c i u m .

High  p u r i t y  c a l c i u m  m e t a l  i s  of  i m p o r t a n c e  in the  p r e p a r a t i o n  of

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

o x i d e s  s u c h  a s  U O , ,  V . O _ ,  T i O „ ,  Nb O c a n d  a s  a  p o r t a b l e  s o u r c e  of
2 2 3 2 2 5

h y d r o g e n  g a s .

C a l c i u m  is  a l s o  u s e d  e x t e n s i v e l y  in  v a r i o u s  i n d u s t r i a l  a p p l i c a t i o n s  

a s  an  a l l o y i n g  a d d i t i v e .  C a l c i u m - s i l i c o n  a l l o y s  a r e  f ind ing  wide  u s e  in 

th e  s t e e l  i n d u s t r y  to c o n t r o l  g r a i n  s i z e  a n d  i n h ib i t  c a r b i d e  f o r m a t i o n  

a n d  in  p o w d e r  f o r m  f o r  m a k i n g  s p u n  p i p e s  a n d  f o r  t h e r m i t  w e l d i n g .  A 

C a  - Mg - Si a l l o y ,  c a l l e d  S a u d a m e t ,  is  u s e d  a s  a l a d l e  a d d i t i o n  to the 

o p e n  h e a r t h  p r o c e s s  a n d  a l s o  a s  a f u r n a c e  a n d  l a d l e  a d d i t i v e  in e l e c t r i c  

s t e e l  m a k i n g .  C a s t i n g s  t r e a t e d  w i th  t h i s  a l l o y  show  e x c e p t i o n a l  u n i f o r m i t y  

of s t r u c t u r e ,  h igh  d u c t i l i t y  a n d  f r e e d o m  f r o m  i n t e r n a l  f l a w s .  A M g -5 %
4

C a - 5 0 % Si a l loy  d e v e l o p e d  by th e  Un ion  C a r b i d e  a n d  C a r b o n  C o r p o r a t i o n
m

i n c r e a s e s  the  e f f i c i e n c y  of th e  p r o d u c t i o n  of  d u c t i l e  c a s t  i r o n  when  

a d d e d  in s m a l l  a m o u n t s .  It i s  a l s o  u s e d  to s c a v e n g e  s t e e l  in i n d u c t i o n

f u r n a c e  m e l t i n g  th u s  r e d u c i n g  the  r e j e c t i o n  r a t e  of n i c k e l - c h r o m e  s t e e l  

c a s t i n g s  f r o m  30% to l e s s  t h a n  5%.
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S m a l l  a m o u n t s  of c a l c i u m  a r e  a l s o  a d d e d  to a l u m i n u m ,  b e r y l l i u m ,  

c o p p e r ,  l e a d  an d  m a g n e s i u m .  C a l c i u m  is  u s e d  to d e b i s m u t h i z e  l e a d  in 

the  r e f i n i n g  p r o c e s s  an d  a l e a d - 0 .  04 wt % c a l c i u m  a l l o y ,  p o s s e s s i n g  i n 

c r e a s e d  t e n s i l e  an d  f a t i g u e  s t r e n g t h ,  is u s e d  a s  c a b l e  s h e a t h i n g  a n d  in 

the  m a n u f a c t u r e  of  l e a d  s t o r a g e  b a t t e r i e s .  A l e a d  a l l o y  c o n t a i n i n g  0. 1% C a  

e x h i b i t s  p r o p e r t i e s  e q u a l  to t h o s e  of the l e a d - 9 %  5b a l l o y .

O t h e r  a p p l i c a t i o n s  fo r  c a l c i u m  which  c a p i t a l i z e  on i t s  c h e m i c a l  r e 

a c t i v i t y  a r e  the d e c a r b u r i z a t i o n ,  d e o x i d a t i o n  an d  d e s u l f u r i z a t ' o n  f o r  the  

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

s o l v e n t s ,  a d e s u l f u r i z a t i o n  p e t r o l e u m  an d  the  g e t t e r i n g  of n i t r o g e n  in the  

p u r i f i c a t i o n  of a r g o n  g a s .
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