
Table I. Data on Molten Cu-Sn System at 1073 K 

AG M ash asn 
XSn emf, mV asn acu* (J/g mole)t (Calculated from Selected Values 6) (Ref. 8) 

0.1 - 0.007 0.858 -5 ,602  0.004 - 
0.2 66.90 0.055 0.600 -8 ,755  0.058 - 
0.3 35.65 0.214 0.386 -10,011 0.202 0.137 

(at Xsn = 0.35) 
0.4 24.04 0.353 0.296 -9,467 0.367 - 
0. 5 17.25 0.474 0.240 -9,190 0.503 0.501 

(-+0.007) 
0.6 12.80 0.575 0.182 -8,491 0.613 - 
0.7 8.80 0.683 0.133 -7,373 0.705 0.839 
0.8 5.00 0.805 0.086 -5,669 0.799 - 
0.9 2.35 0.903 0.040 -3,479 0.897 0.949 

* Reported values of acu are with respect to pure liquid copper as the standard state. The values should be multiplied by 1.34 if pure solid copper is taken as the standard 
state. 

"{'AG M is integral molal free energy of mixing with pure liquids as standard state. 

the curve  m e r g e s  with the Raou l t ' s  Law line at XSn 
> 0.8. These  es tab l i sh  the gene ra l  r e l i ab i l i t y  of the 
data.  The  s y s t e m  exhibi ts  a s t rong  negat ive  devia t ion  
f r o m  the Raou l t ' s  Law l ine indicat ing s t rong  i n t e r -  
ac t ion  between copper  and tin a toms .  Values  of asn 
of this study were  c o m p a r e d  with those ca lcu la ted  
f r o m  the se l ec t ed  va lues  of H M and SMn.6 T h e s e  a r e  Sn 
p r e s e n t e d  in Table  I. It is seen  that the d i s a g r e e m e n t  
is l e ss  than 5 pct. F i g u r e  3 shows the plot of log 7Sn 
v s  (1 - X S n )  2. F r o m  this  f igure  it appears  that the 
solut ion behaves  in a s imp le  manner  in the two ex-  
t r e m e s  but behaves  in a compl ica ted  manne r  in the 
middle  compos i t ion  range  and this is in a cco rdance  
with D a r k e n ' s  f o r m a l i s m .  7 In pass ing  yet another  a s -  
pec t  of this study is wor th  mentioning.  The ac t iv i ty  
va lues  of this study when compared  with those  of 
P r e d e l  and Scha l lne r  8 d e m o n s t r a t e  that the l a t t e r  va l -  
ues  except  for  XSn = 0.5 did not match.  Th i s  can be 

a s c r i b e d  to the uncer ta in t i e s  of the i r  b inary  values  
when ex t rapo la ted  f rom t e r n a r y  expe r im en t a l  data. 
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Solubility of Water in CaO-AI203 Melts 
at 1600~ C 

KLAUS SCHWERDTFEGER AND 
HANS GEORG SCHUBERT 

In the p re sen t  study we have m e a s u r e d  the wa te r  
solubi l i ty  in CaO-A1203 s lags  at 1600~ This  work  
was c a r r i e d  out in conjunct ion with o ther  r e s e a r c h  
p r o j e c t s  a imed  at improv ing  our  knowledge of the 
c h e m i s t r y  of e l e c t ro  s lag  r e m e l t i n g  of s t ee l .  It is 
wel l  known that hydrogen pick up of the s t e e l  is a 
s e v e r e  p rob lem in the ESR p r o c e s s .  Slags used in 
e l e c t r o  s lag  r e m e l t i n g  usual ly  cons is t  of CaF2-CaO-  
A1203 m i x t u r e s .  No r e l i a b l e  solubi l i ty  data a r e  ava i l -  
able for  such s lags  which is due to the e x p e r i m e n t a l  
d i f f icul t ies  involved with m e a s u r e m e n t s  of wa te r  
so lub i l i t i e s  in f luor ide  containing s l ags .  Some e s t i -  
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mates  of wa te r  solubi l i ty  in CaFz-CaO-A1203 s lags  
would be poss ib le ,  however ,  if co r r e spond ing  data for  
the CaF2 f r e e  bounding s y s t e m  CaO-A1203 w e r e  known. 

S e v e r a l  l abora to ry  inves t iga t ions  deal  with the solu-  
bi l i ty  of wa te r  in s i l i ca t e  mel t s . l - l~  Although the re  is 
some  d i s a g r e e m e n t  be tween the va r ious  inves t iga -  
to r s  on the absolute  quant i t ies  of wa te r  d i sso lved ,  
the r e s u l t s  of a l l  these s tudies  a g r e e  that the wate r  
content i n c r e a s e s  p ropor t iona l ly  to the square  root  of 
wa te r  vapor  p r e s s u r e .  Some s t r u c t u r a l  models  have 
been sugges ted .  At high bas ic i ty  the water  is a s s u m e d  
to be p r e s e n t  in the s i l i c a t e s  as f r e e  hydroxyl  ions OH- 
w he rea s  in acid s lags  the wate r  may be bound to s i l i -  
con f o r m i n g - S i - O H  groups .  

W herea s  in the p rev ious  inves t iga t ions  the wate r  
contents  of the s am p le s  were  d e t e r m i n e d  by c h e m i c a l  
ana lys i s  of quenched s amp le s ,  we m e a s u r e d  the so lu-  
b i l i t i e s  applying the t h e r m o g r a v i m e t r t c  method.  Th is  
has the advantage that the d i f f icu l t ies  a s soc i a t ed  with 
the ana ly se s  a r e  avoided.  

A p la t inum c ruc ib l e  containing 6 g of CaO-A1203 s l ag  
was suspended on a sens i t ive  sca le  (Cahn/Ventron 
R100) in the hot zone of a molybdenum wound tube 
fu rnace .  The fu rnace  a t m o s p h e r e  cons i s ted  of Ar -H20  
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Fig. 1--Contents  of wa te r  in the slag as a function of square  root  
of wate r  vapor  p r e s s u r e  as measured  in this  work (1600~ 

gas  m i x t u r e s  a n d  w a s  p r e p a r e d  b y  b u b b l i n g  140 m l /  
m i n  of a r g o n  t h r o u g h  a w a t e r  c o l u m n  h e l d  a t  c o n s t a n t  
t e m p e r a t u r e  in  a t h e r m o s t a t .  W a t e r  v a p o r  p r e s s u r e  of 
150, 338 a n d  600 m m  Hg w e r e  u s e d .  T h e  s l a g  s a m p l e s  
w e r e  f i r s t  h e l d  u n d e r  d r y  a r g o n  t i l l  c o n s t a n t  w e i g h t  
w a s  a t t a i n e d .  T h e n  t h e  m o i s t  g a s  w a s  a d m i t t e d  a n d  t he  
p i c k  up of w a t e r  v a p o r  w as  f o l l o w e d  b y  c o n t i n u o u s l y  

r e c o r d i n g  t h e  w e i g h t  c h a n g e .  S u b s e q u e n t l y ,  d r y  a r g o n  
w a s  u s e d  a n d  t he  w a t e r  c o n t e n t  w a s  r e m o v e d  a g a i n  
f r o m  the  s l a g .  A f t e r w a r d s ,  the  s i m i l a r  c y c l e s  w e r e  
p e r f o r m e d  w i t h  t h e  o t h e r  w a t e r  v a p o r  p r e s s u r e s .  T h e  
w e i g h t  c h a n g e s  w e r e  b e t w e e n  4 a n d  14 m g .  P e r i o d i c a l l y  
b e t w e e n  t he  a c t u a l  e x p e r i m e n t s ,  we d e t e r m i n e d  t h e  
b l a n k  v a l u e s  b y  c a r r y i n g  out  t he  s a m e  c y c l e s  w i th  t he  
e m p t y  c r u c i b l e s .  T h e  r e c o r d e d  w e i g h t  c h a n g e s  d e -  
p e n d e d  on  t h e  w a t e r  v a p o r  p r e s s u r e  a n d  w e r e  up to 1 
mg .  T h e  w e i g h t  c h a n g e s  o b s e r v e d  w i t h  t he  s l a g  s a m p l e s  
w e r e  c o r r e c t e d  c o r r e s p o n d i n g l y .  

T h e  m a s t e r  s l a g s  w e r e  p r e p a r e d  f r o m . r e a g e n t  g r a d e  
CaCO3 a n d  A1203. T h e  f u r n a c e  t e m p e r a t u r e  (1600~ 
w a s  c o n t r o l l e d  e l e c t r o n i c a l l y  w i t h i n  +2~ 

T h e  c h e m i c a l  r e a c t i o n  o c c u r r i n g  b e t w e e n  g a s e o u s  
H20 and  t he  s l a g  c a n  b e  w r i t t e n  a s  

� 89  + ~ H 2 0 ( g a s )  = O H - ( s l a g ) .  [1] 

A p p l i c a t i o n  of t h e  law of  m a s s  a c t i o n  y i e l d s  

(H20) [2] 
Khydra te  - ~/p H 2 0  

w h e r e  t h e  e q u i l i b r i u m  " c o n s t a n t "  Khydra t  e c o n t a i n s  
t he  a c t i v i t y  c o e f f i c i e n t  of t he  OH-  i on  a n d  t h e  a c t i v i t y  
of the  o x y g e n  ion .  H e n c e ,  K h y d r a t e  d e p e n d s  on  s l a g  
c o m p o s i t i o n .  In  F i g .  1 the  m e a s u r e d  H20 c o n t e n t s  of 
t he  s l a g  a r e  p l o t t e d  a g a i n s t  s q u a r e  r o o t  of w a t e r  
v a p o r  p r e s s u r e  f o r  d i f f e r e n t  s l a g s .  T h e  s t r a i g h t  l i n e s  
a r e  o b t a i n e d  i n  a c c o r d a n c e  w i t h  Eq .  [2]. T h e  Khydra te  
v a l u e s  w e r e  d e d u c e d  f r o m  t h e  e x p e r i m e n t a l  d a t a  a n d  
a r e  l i s t e d  in  T a b l e  I .  I t  i s  e v i d e n t  t h a t  Khydra t  e i n -  
c r e a s e s  w i t h  i n c r e a s i n g  CaO c o n t e n t  of  t h e  s l a g ,  F i g .  
2. T h i s  i n f l u e n c e  of s l a g  c o m p o s i t i o n  i s  q u a l i t a t i v e l y  
s i m i l a r  a s  h a s  b e e n  o b s e r v e d  w i t h  r e s p e c t  to  s u l -  
f ide ,  ~1't2 s u l f a t e ,  ~'~2 c a r b i d e  13 a n d  c y a n i d e  ~3 c a p a c i t i e s  
of CaO-A1203 m e l t s  w h i c h  a l s o  i n c r e a s e  w i t h  i n c r e a s -  
i ng  CaO/A1203  r a t i o .  O n  c o m p a r i n g  t h e  w a t e r  s o l u b i l i -  
t i e s  of CaO-A1203 m e l t s  w i t h  t h o s e  of CaO-SiO2  m e l t s  6 
i t  i s  e v i d e n t  t h a t  t he  a l u m i n a t e s  p i c k  up  m u c h  m o r e  
w a t e r  by  a f a c t o r  of two to t h r e e  t h a n  t h e  s i l i c a t e s  a t  
1600~ a n d  a t  g i v e n  w a t e r  v a p o r  p r e s s u r e .  

Table I. Experimental Results Obtained on Water Solubility in CaO-AI20a 
Melts at 1600 ~ 

wt pct CaO/wt pct A1203 Khydrat e = (H20)/x/pH20 wt pct atm -�89 

0.681 0.149 
0.822 0.164 
1.016 0.202 
1.208 0.243 
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Fig. 2--Hydrate  capacity of CaO-A1203 mel ts  at 1600oC as m e a s -  
u red  in this  work. 

If w a t e r  i s  d i s s o l v e d  in  C a F 2 - C a O - A 1 2 0 3  s l a g s  a s  t h e  
s a m e  i o n i c  s p e c i e s  a s  in  CaO-A1203 m e l t s ,  i t  s h o u l d  b e  
e x p e c t e d  t h a t  the  i n f l u e n c e  of a d d i t i o n  of s o m e  CaF2  
s h o u l d  no t  b e  v e r y  l a r g e .  Due  to t h e  e x p e c t e d  d e c r e a s e  
of  o x y g e n  ion  a c t i v i t y  Khydra t  e cou ld  d e c r e a s e  a t  g i v e n  

C a O / A 1 2 0  r a t i o .  On the  o t h e r  h a n d  p r e v i o u s  w o r k  on  
s u l f i d e ,  14 c a r b i d e  is a n d  c y a n i d e  is c a p a c i t i e s  h a s  s h o w n  
t h a t  t h e s e  q u a n t i t i e s  i n c r e a s e  s o m e w h a t  o n  t he  a d d i t i o n  
of CaF2 to CaO-AleO3 m e l t s .  
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