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Fig. 1. Wetting of CaF2—Cu—50% (mass.)  Ti: a — real drop;  — 
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Fig. 2. Dependencies of molar volume of Ti—Cu(a) and Zr—
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curves  

. . . . [17]
: 

,ln  ,

i

i

i
i x

xRT+=                                                 (2) 

σ, σi — i- ; 
R — ; T — ; ωi — , 

i- ; xi xi, ω — 
i- . 

0 20 40 60 80 100
8

10

12

14

2

1

V⋅
10

 , 6   
3

/

, %  ( .) 



ISSN 0136-1732. , 2007. . 40 7

. . . . 

                              ,lnln  ,
i

i
i

i

i

ii

i
i

RT
Vx
VxRT −+=                            (3) 

xi, ω
xi 

(  2, 2, 1, 1, xVxVV += )  ( 2211 xVxVV += ) , 

iiV  , —  i- ; βi —
, 

; γi — -
i- . 

 (γ = 1; 1=ii )    (3) 

,ln  ,

Vx
VxRT

i

i

i
i +=                                             (4)

                                            ,3231
ii VfN=                                                (5) 

f — , ; N — . 
-
-

 Ti—Cu  Zr—Cu . 
, -

. 

 [18]. 

 ( . . 2), 
 (   -

 [19]; , 
 10,7 ± 3,0 / 2 xTi = 0,63  18,0 ± 2,7 / 2 xZr =  

= 0,48 [20]  Ti—Cu). 
.               

         
- -
, -

 [5].  Ti—Cu  Zr—Cu —  
.    . .,  



ISSN 0136-1732. , 2007. . 40 8

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

1300

1350

1400

1450

1500

1550 

1600

3

CuTi

2
1

, 
/

2   

xCu,    

. 3. 
  Ti—Cu ( )  Zr—Cu ( )  1200 ° : 1 — 

; 2, 3 — 
,  (2)  (3)   

Fig. 3. Dependencies of surface tension of Ti—Cu (a) and Zr—Cu ( ) 
lloys at 1200 °C: 1 — experimental curve; 2, 3 — calculated curve by  

(2)  and (3)  

: , 
 [21]. . .  [22] 

: 
                                            

                                               ,2211 xx +=                                                 (6)

0,0 0,2 0,4 0,6 0,8 1,0

1300

1350

1400

1450

1500

3
2

1

, 
/

2

Cu, 



ISSN 0136-1732. , 2007. . 40 9

. 
, , -

.  
, 

, 

 [1, 2].
, ,  ( . 2, 3), -

 [23] .

 (N-
Guggeheim E. A.  Adam N. K.) 

α2 — ; x2 —  ( -
); σ — ; R — -

; T — , .   
N-

δ, N
(N = Nω, 1 + Nω, 2, Nω, 1  Nω, 2 — 

), , 
  (N = N1 + N2, N1  N2 — 

).      
    

                                           ,22 ,
2 ,

NN
N

−
=                                                 (8)           

ω — . 
ω, 2 = Nω, 2/N  2 = N2/N, ω, 2 — -

- , 
  

                                          
( )

.22 ,
2,

xxN
N

−
=                                              (9)          

ω
Vω , δ, 

             ,2 ,2 ,1 ,1 ,

2 ,2 ,1 ,1 , +=
+

==
−−

−−

xVxV
NNVNVV

          (10) 

( ) ,1

2

22
2 , d

d
RT

x
N

−−=  (7) 



ISSN 0136-1732. , 2007. . 40 10

1 ,V 2 ,V  — 
. δ , 

  δ = δ n,  n —  ( ). 

, i
i

n
V

o

 , = , i —      

i- ,  (10) 
  

                                  .2 ,21 ,1
+=

−−

xx
n
N                                     (11)         

                             
 (11)  (9), , 1+ 2 = 1,   

                                  
( )

.

1122 ,

22 ,
2 , −−−

+−

−
=

x

xxn
N                                  (12)

   [24, 25] 

ω, 2 2 —   
; 1 2  — 

; n — ; 
N, 2  ——  (N-

Guggeheim E. A.  Adam N. K.). 
 (13)  (n = 1) 

[25]. 
 [23] 

. 

                                                   .0  , ≥
i

i

dx
dx

                                                 (14) 

, 
. 

xω, 2   n     

( ) ,
1 2 ,

12

2 ,
1

2

2 ,

N

N

n

n
x

x
−−

+
= (13) 



ISSN 0136-1732. , 2007. . 40 11

. 4. 

—  (1) —  (2) 
1200 °

Fig. 4. Dependence of surface tension to a copper 
thermodynamic activity in titanium—copper (1) and 
zirconium—copper  (2) melts at the temperature of 1200 °
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Fig. 5. A copper adsorption in melts Ti—Cu (1) and Zr—
Cu (2)  at the temperature of 1200 °
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. 6. -

Ti—Cu (1)  Zr—Cu (2)  = 1200 °

Fig. 6. Dependence of copper concentration in surface 
layer from its contents in bulk of  melts Ti—Cu (1) and 
Zr—Cu (2)  at = 1200 °
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αω  Ti—Cu ( )  Zr—Cu ( ): 1, 2 — -

; 3, 4 — 
; 5, 6 — 

  

Fig. 7. Concentration dependence of thermodynamic activity of 
components in bulk α and in surface layer αω Ti—Cu ( ) and 
Zr—Cu ( ) melts: 1, 2 — thermodynamic activity of copper in 
bulk and in surface layer; 3, 4 — thermodynamic activity of 
titanium in bulk and surface layer; 5, 6 — thermodynamic 
activity of zirconium in bulk and in surface layer 
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Fig. 8. Gibbs energy of solution formation in bulk (1) and 
in surface layer (2) of Ti—Cu (a) and Zr—Cu ( ) melts 
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Fig. 9. Excess Gibbs energy of solution formation in bulk (1) 
and in surface layer (2) of Ti—Cu ( ) and Zr—Cu ( ) melts
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Krasovskaya N. A., Krasovskyy V. P., Naidich Y. V., Nizhenko V. I. 

Thermodynamics properties of the surface layer  
from alloys of Ti—Cu and Zr—Cu systems 

The surface tension and density of titanium—copper and zirconium—copper 
melts in temperature range from 1000 up to 1250 °  were measured. For the 
first approximately the linear dependences of surface tension isotherms of metal 
systems were established. The compression in alloys takes place. The melts are 
characterised by negative deviation from an ideal state. An adsorption and 
thermodynamic activity of components, composition of surface layer, Gibbs 
energy of solution formation and their excess values in surface layer and bulk of 
melts were calculated. The adsorption curve of copper for both melts has the 
slanting maximum. The composition of surface layer from a composition by 
bulk differs a little. The solutions, which one are formed in surface layer, have 
negative deviation from a Raoult’s law. In surface layer the Gibbs energy of 
solution formation and their excess values at all concentrations are negative. 
They are less than their values in bulk. 


