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A b s t r a c t  

A dew po in t  t e c h n i q u e  has  been  used  to de t e rmine  the  zinc activity in Co--Ni-Zn f.c.c. 
so lu t ions  in the  r ange  1 0 2 3 - 1 1 7 3  K. Active p l ann ing  of  the  e x p e r i m e n t s  ha s  been  appl ied.  
Var ious  t h e r m o d y n a m i c  quant i t i es  have  been  ca lcu la ted  with the  aid of several  models .  

1. I n t r o d u c t i o n  

We constructed experimentally an isothermal cross-section of the equi- 
librium Co-Ni-Zn phase diagram at 1073 K [1] finding a large region of 
f.c.c. (a) solutions. This evidence is consistent with our earlier investigations 
of the Ni-Zn [2] and Co-Zn ]3] phase diagrams. The recent  achievements 
in the description of the thermochemical properties of the relevant binary 
systems [4-6] ,  in the lattice stabilities of the pure components  [7-9] ,  and 
in the planning of experiments [10-12]  come together in such a way that 
an adequate thermodynamic description can be obtained from a small number 
of new experiments  only. 

2.  R e s u l t s  a n d  d i s c u s s i o n  

2.1. Planning of the experiments with ternary alloys 
Active planning has been applied according to the method of Sheffe 

[10, 11]. The matrix simplex is shown in Table 1, and the relevant region 
of the ternary phase diagram is marked on Fig. 1. The summits ZI, Z2, Z3 
lie on the binary phase diagrams Ni-Zn (ZI, Z3) or Co-Zn (Z2) and are 
considered to be independent components  (pseudocomponents) ,  e.g. 

zl +z2 +z3 = 1 (1) 

where 0 ~< Zi < 1. 
The matrix (Table 1) has been composed by supposing that the dependence 

of the investigated thermodynamic properties on the composit ion is described 
by a polynomial of degree 2 or 2.5. The pertinent coefficients and the 
transformations to the real components  concentrations can be determined 
with the aid of well-known expressions [10-12].  
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TABLE 1 

Matrix simplex for the planning and the containment of the original components  

Z, Z2 Z~ XN~ )(co Xz, 

Vj 1.0 0.0 0.0 0.9500 0.0000 0.0500 
V2 0.0 1.0 0.0 0.0000 0.9500 0.0500 
~?a 0.0 0.0 1.0 0.7000 0.0000 0.3000 
t/4 0.5 0.5 0.0 0.4750 0.4750 0.0500 
-q~ 0.5 0.0 0.5 0.8250 0.0000 0.1750 
~76 0.0 0.5 0.5 0.3500 0.4750 0.1750 
-q~ 1/3 1/3 1/3 0.5500 0.3166 0.1334 

~j, points of the simplex lattice; Z~, mole fractions of the pseudocomponents;  X~, mole fractions 
of the real components.  
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Fig. 1. The phase diagram Co--Ni-Zn at 1073 K. The shaded area represents the matrix triangle 
with the summits Zj, Z 2 and Za. 

2.2. Thermochemical  propert ies  o f  the Ni--Zn, Co--Zn, Co-Ni and 
Co-Ni-Zn f.c.c, solutions 

The thermodynamic properties of the Ni-Zn and Co-Zn f.c.c, solutions 
have been optimized earlier [4, 5] by applying a polynomial description 
(Table 2). 

For the temperature and compositional dependence of the excess integral 
molar Gibbs energy of the Co-Ni f.c.c, alloys the following expression proposed 
by Kaufman and Nesor [6] was used: 

GE'o~ c =XNiXco(4602 - 5.3815 × 10-3T 2 + 2.8689 × 10-ST 3) (2) 

The activity coefficients ~/zn of zinc in the ternary Co-Ni-Zn alloys have 
been measured experimentally for the points ~74, ~7~, and ~ (see Table 1) 
using a dew point method described previously [3]. The values of ~/z, are 
shown in Table 3. The slope of the linear regression of the zinc activities 
in the coordinates ln(az~)-(1/RT) gives the values of the partial molar enthalpies 
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TABLE 2 

E x c e s s  Gibbs  ene rgy  coeff ic ients  for the  sol id  (a, f.c.c.) p h a s e s  of the  Ni -Zn and the  C o - Z n  

s y s t e m s  

Sys tem u A (") qJ(~) 

0 - 4 5 5 6 1  7 .6957  

Ni -Zn  (a)  1 - 7 5 8 3 2  4 1 . 4 7 0 0  
2 4 3 4 5 7  23 . 6890  

0 - 1 8 6 6 8  7 .5132  

C o - Z n ( a )  1 112335  - 5 8 . 9 7 8 3  

2 - 100676  6 3 . 2 2 1 6  

S tandard  s t a t e s  Ni(f.c.c.),  Zn(h.c.p.) ,  Co(h.c .p.) ;  T= 273 .15  K, P=  1 O1.325 kPa.  X, mole  f rac t ions  

of  zinc. 

n 

G ~ = x ( 1  - x )  ~X~U(~)(T) 
v = 0  

d E'f ..... X2su  + ( 2 X -  1)U~ +(3XZ-2X)U2}  C o  = / 0 

(~zE~ f~c = ( 1 -X)2(Uo + 2XU, + 3XZUe) 

U(~)(T) = A (~) + ~(~)T (v = 0, I ,  2) 

TABLE 3 

E x p e r i m e n t a l  in fo rmat ion  on s o m e  par t i a l  t h e r m o c h e m i c a l  p r o p e r t i e s  of zinc in the  ~ - C o - N i - Z n  

a l loys  

~j T (K) ~'zn ~E;f  ..... (J mol  J) - r ..... Hzn (J m o l - l )  

1023 0.331 - 9 4 0 0  

1073 0 .426  - 7 6 2 0  

~4, Xzn = 0 .0495  1103  0 .477  - 6 7 9 0  - 4 4 2 0 0  ± 800  
1133 0 .555  - 5 5 4 0  

1173 0 .643  - 4 3 1 0  

1023  0 .465  - 6 5 1 0  

1073 0 .592  - 4 6 8 0  

~ , X z ,  = 0 .1750  1100  0 .684  - 3 4 5 0  - 5 1 0 0 0  ± 2 0 0 0  

1133  0 .828  - 1 7 8 0  

1173 0 .989  - 110 

1023 0 .100  - 1 9 6 0 0  

1073 0 .138  - 1 7 6 5 0  
~7, X ~  = 0 .1335  1103 0 .162  - 1 6 6 7 0  - 5 5 6 0 0  ± 1300  

1133 0 .186  - 1 5 8 6 0  

1173 0 .233  - 1 4 1 9 0  

S tanda rd  s t a t e  Zn(h.c.p.) .  
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TABLE 4 

The  e x c e s s  part ial  mo l a r  Gibbs  free ene rgy  GzE~ f ..... (J mol  - j )  and  the  activi ty coeff ic ients  of  
zinc in the  s imp lex  lat t ice po i n t s  at 1073  K refer red  to t he  s t a n d a r d  s t a t e  of  Zn(h .c .p . )  

G~;~ . . . . . .  36030  - 5 3 7 0  - 18380 - 7 5 7 0  - 28550 - 4 3 6 0  - 17570 
~/z. 0.018 0.548 0.127 0.428 0.041 0.613 0.140 
Source  [4] [5] [4] Eqn. (3a) [4] Eqn. (3b) Eqn. (3c) 

of  zinc (Table  3). The t e m p e r a t u r e  d e p e n d e n c e  o f  Yzn in the  interval  1 0 2 3 - 1 1 7 3  
K is r e p r e s e n t e d  by the  equa t ions  

"YZn0?4) = -- 1 .8087 ~- 0 .0949  + (2 .0845  × 10-  3 ~ 8.61 X 10-  5)T (3a)  

Yzn('q6) = - 3 .1775  -T- 0 .2971 + (3 .5327  × 10 - a  -T- 2 .69 X 1 0 - 4 ) T  (3b) 

~z~(~77) = - 0 .7969  T- 0 .0582  + (8 .7272  × 10-  4 T- 5 .28 × 1 0 - ~ ) T  (3c)  

The  zinc act ivi ty coefficients  and  its part ial  exce s s  mo la r  Gibbs  ene rgy  
at  the  po in t s  of  the mat r ix  s implex  are  r e p r e s e n t e d  in Table  4. The following 
equa t ion  ba sed  on these  da ta  desc r ibes  Tz. as  a funct ion of  the p seudo-  
c o m p o n e n t s  Zj: 
yzn(Zx,Z2,Z3) = 0.018Z1 + 0.548Z~ + 0.127Z3 + 0.581ZI Z~ 

- 0 .127ZI  Z3 + 1.102Z2 Zs - 7.125Z1Z2Z3 (4) 

The  a b o v e  coeff icients  a re  ca lcula ted  as r e c o m m e n d e d  in the  specia l ized 
l i tera ture  [ 1 0 - 1 2 ] .  The  t r ans fo rma t ion  to  the real  m o l a r  concen t ra t ions  of  
zinc for  an alloy could be  carr ied  out  [12] us ing the ma t r ix  exp res s ion  

o 1 X c o |  = ] 0 . 0 0  0.95 0 . 0 0 ]  Z2 (5) 

x ,j L0.95 0.00 0.70j z3 
Several  geomet r i ca l  m ode l s  p red ic t ing  the  t e rna ry  t h e r m o d y n a m i c  p rope r t i e s  
in t e r m s  o f  the  three  c o r r e s p o n d i n g  b inary  solut ions  a re  known [13]. We 
have  appl ied  here  the  mode l  o f  T o o p  [14] in o rde r  to  ca lcula te  the  mo la r  
e x c e s s  integral  Gibbs  free ene rgy  G E'cos~z.fc¢ us ing  the two se ts  o f  coefficients  
f rom Table  2 and  T o o p ' s  equa t ion  

GE, f . . . . . . .  Xz~)}G~iz. +{Xco/(1 X ~ G  E ' f c ~ ' ]  ~ o N ~ z .  - [ { X ~ , / ( 1  E, ~.¢ . . . .  z . z  ~ o z ~  J ~ z .  

+ ( 1  X ~2r~E,f ..... ~ (6) --  Zn) ~.v CoNi ]Xco/XNI 

The resu l t s  at  773 and  1073 K are  shown in Table  5. Using these  da ta  we 
have  der ived  the  fol lowing equa t ion  pred ic t ing  the t e m p e r a t u r e  and  com-  
pos i t iona l  d e p e n d e n c e  of  VCoN~Z,~-E' r.¢.¢... 
GE, f . c . c .  _ 

C o N * Z ~  -- ( -- 2341 + 0.4667T)Z~ + ( - 640  + 0 .2333T)Ze 

+ ( - 13517 + 4 .6667T)Za + ( - 640  + 0.2T)Z~ Z2 

+ ( - 1492 - 1 .2T)Z 1 Z  3 + ( 1 6  0 0 5  - -  8.4667T)Z2 Za (7) 
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TABLE 5 

Gc,,s~z . (J tool- in the simplex lattice points The excess integral molar Gibbs free energy E.r ..... 1) 
at 773 and 1073 K referred to the standard states of Zn(h.c.p.), Co(h.c.p.) and Ni(f.c.c.) 

T (K) ~1 ~2 ~3 ~4 ~5 ~6 ~7 

773 -1960  - 4 6 0  -9910  -1380  - 6550  -2820  - 3 3 6 0  
1073 -1840  - 3 9 0  -8510  -1260  - 5 8 7 0  - 2720  - 3 1 1 0  

The  check  p e r f o r m e d  wi th  t he  aid of the  a b o v e  e x p r e s s i o n  g ives  for  the  
E, f.c.c. p o i n t  ~77 GcoNiZn(1/3, 1/3, 1 / 3 ) = - - 3 1 8 0  J tool 1, whi le  the  v a l u e  c a l c u l a t e d  

f r o m  eqn .  (6)  is - 3 1 1 0  J m o l - 1  (Tab le  5). Th i s  is a s a t i s f a c t o r y  a g r e e m e n t  
a n d  t h u s  we have  n o t  i n c r e a s e d  the  d e g r e e  of  eqn .  (7).  

3.  C o n c l u s i o n  

An e x p e r i m e n t a l  a n d  t h e o r e t i c a l  i n v e s t i g a t i o n  of s o m e  t h e r m o c h e m i c a l  
p r o p e r t i e s  of the  C o - N i - Z n  s y s t e m  has  b e e n  p e r f o r m e d  a p p l y i n g  ac t ive  

p l a n n i n g  of the  e x p e r i m e n t s  a n d  l i t e r a tu re  d a t a  a b o u t  the  p e r t i n e n t  b i n a r y  
sy s t ems .  Two e q u a t i o n s  have  b e e n  de r i ve d  to  c a l c u l a t e  s o m e  pa r t i a l  a n d  
in t eg ra l  e x c e s s  t h e r m o d y n a m i c  p r o p e r t i e s .  T h o s e  r e su l t s  c o m b i n e d  wi th  the  

l i t e r a tu re  da t a  a b o u t  the  la t t ice  s t ab i l i t i e s  of  the  p u r e  coba l t ,  n i cke l  a n d  z inc  
cou ld  be u s e d  for  the  c a l c u l a t i o n  of  p h a s e  e q u i l i b r i a  in  th i s  or  in o t h e r  
m u l t i c o m p o n e n t  sy s t ems .  
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