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Abstract 

The shape of the two-melt phase boundary of the Bi-Zn system with miscibility gap has been determined by the ~ method. 
According to our measurements, the coordinates of the critical point are T(. = 846.5 _+ 2.5 K, X c = 17.0 + 1.0 at.% Bi. In an 
extended range around T~. the critical exponent /3 of the coexistence curve equals 0.35_+ 0.02, which agrees closely with 
non-classical value. 
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1. Introduction 

The phase diagrams of many binary metallic systems 
with miscibility gaps have not been investigated in 
sufficient detail. Application of most of the known 
phase analysis methods to metallic melts presents 
difficulties owing to high temperatures, corrosion of 
the crucibles, and evaporation of the components. 
Furthermore,  these methods are usually laborious as a 
great quantity of samples (as many as several tens) of 
different compositions need to be studied. One prom- 
ising method for investigating the two-melt phase 
separation which circumvents these difficulties is to 
measure the attenuation of a narrow beam of - /quanta 
passing through the sample. 

In this article we present a variant of the -,/method 
developed by us to determine the shape of the two- 
melt coexistence curve and the results of the B i -Zn  
system. 

2. Experimental details 

The measurements were performed with a ~/ densi- 
tometer  which has been described in detail elsewhere 
[1]. 137Cs having a nominal strength of 240 GBq is used 
for a ~ source. The maximum temperature of measure- 
ments is limited to 2300 K. The furnace of the ~, 
densitometer has three different heaters which provide 
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a vertical temperature gradient of less than 0.15-0.25 
K cm ~. Provision is made in the installation design 
for vertical movement  of the sample with respect to 
the ~ quanta beam. This makes it possible to measure 
the dependence of the linear attenuation coefficient of 
radiation on height h. 

The law of radiation attenuation for a binary melt 
with components A and B may be written as 

,,AX(h) + ~B[1 - X(h)] 1 [ J,, ] 
V[X(h)] - l l n t J ( h ) J  (1) 

where Jo and J(h) are the intensities of the radiation 
after passage through the experimental apparatus with 
and without the samples respectively, 1 is the inner 
diameter of the crucible, X(h) and V[X](h)] are the 
mole fraction of component  A and molar volume of 
the melt at these site of the beam passage, o;,. (i = A,B) 
are attenuation sections of the components (~  = 
M i/xi), M~ are atomic weights and/x  i are mass attenua- 
tion coefficients. With knowledge of the concentrate 
dependence of the molar volume V(X), Eq. (1) en- 
ables the determination of the compositions of the two 
coexisting phases in the liquid systems with a miscibili- 
ty gap. If the sample concentration is close to the 
critical concentration, the shape of the coexistence 
curve may be reconstructed by measurements of the 
temperature dependence of the attenuation coefficient 
above and below the two-melt phase boundary, using 
only a single sample. 
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The Bi-Zn system with its miscibility gap were 
studied in order to test the developed procedure 
experimentally. Bismuth and zinc were 99.99% and 
99.9% pure respectively. The sample contained 17.9 
at.% Bi, which according to Refs. [2,3] is close to the 
critical composition. In our experiments the composi- 
tion change did not exceed 0.03 at.%. The mass 
attenuation coefficients of Bi and Zn were measured 
with an error of less than 0.5%. A cylindrical BeO 
crucible of 40 mm diameter and 70 mm height was 
used. The internal diameter of the crucible was de- 
termined to within 0.1%. Corrections were made to 
account for the thermal expansion of the BeO and the 
finite beam diameter. The temperature was measured 
with a Pt-Pt(10% Rh) thermocouple embedded in the 
sample in a protective BeO sleeve. Although the 
absolute temperature uncertainty was -+2.5 K, the 
relative temperature was accurate to better than -+0.5 
K. Before the experiments the furnace was evacuated 
and filled with pure argon up to 0.1 MPa. 

At the first stage in our experiment we determined 
the molar volume of the melt in the homogeneous 
region. The sample was heated above the critical 
temperature (up to 937 K) and was stirred thoroughly 
with a mechanical mixer. The melt homogeneity was 
checked by measuring the attenuation coefficient at 
different heights. The temperature dependence of the 
molar volume was measured on cooling of the sample. 
The point of contact with the separation curve was 
determined from the appearance of a kink in the J(T)  
dependence. 

Measurements in the miscibility gap were carried 
out on continuous cooling of the sample as well as 
after holding it for sufficiently long at a constant 
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Fig. 1. Part  of  the Bi-rich branch of the  coexistence curve: e, o, 
points  obtained respectively at constant  tempera ture  and on cooling 
the sample  with a rate v = AT/(IO0 s), where  AT is the  tempera ture  
difference between the neighbouring points; - - . ,  fit of  the  data 
obtained at T = constant.  

temperature. It was found that equilibrium in the 
sample was established when the rate of cooling did 
not exceed 0.15 K min -~ (Fig. 1). 

3. Resul t s  

The molar volume V (cm 3 mo1-1) in the sample of 
composition X 0 = 17.9 at.% Bi is a linear function of 
the temperature over the whole interval of the com- 
plete solubility range (847-937 K): 

V(X o, T) = 12.35 + 1.736 × 10-3(T - 847 K) (2) 

The values of the molar volume and the volume 
coefficient of thermal expansion at 873 K are 12.40 _+ 
0.10 cm 3 mo1-1 and (14.0_+0.6)× 10 -5 K -1 respec- 
tively. These results agree with data in Ref. [2] within 
the total experimental error. 

As noted above, data on the concentration depen- 
dence of the molar volume V(X)  are needed to 
determine the equilibrium compositions of the phases 
in the system after phase separation. For most liquid 
binary systems with a miscibility gap, a strong chemi- 
cal interaction between the atoms of the two com- 
ponents is lacking. The concentration dependence of 
the excess mixing volume Vex(X) of these systems (in 
particular, Bi-Zn [2]) is described by a parabola 
having a maximum at X = 50 at.%. The relative value 
of Vex does not exceed a few per cent, as a rule. In this 
connection, we used the following relation for the 
interpolation of the molar volume dependence of the 
Bi-Zn melts: 

V(X, T)  = VB~(T)X + Vz.(r)(1 - X) 

Ve,(X o, r ) x ( 1  - X) 
+ X0(1 _X0) (3) 

where Vex(X0, T) = V(Xo, T) - VBi(T)X o - Vz,(T)(1 - 
X0); V(X o, T)  is the extrapolation of Eq. (2) to the 
temperature below the point of contact with the 
separation curve. The temperature dependences of the 
densities of pure Bi and Zn were taken from Refs. 
[4,5]. According to our evaluations, the maximum 
error of V(X, T) does not exceed 1% at X = 50 at.% 
and T = 680 K. 

The two-melt phase boundary as determined from 
the measurements and relationships (1), (3) is shown 
in Fig. 2. We used only averaged data obtained either 
at constant temperature or at a cooling rate less then 
0.15 K min -1. At the monotectic temperature T m = 

680 -+_ 2.5 K, the Bi-rich and Zn-rich compositions are 
61.6 --- 1.5 at.% Bi and 0.95 --- 0.3 at.% Bi respectively. 
The centres of the two-phase region at the various 
temperatures appear to fall on a straight line within 
the limits of the experimental error. The critical point, 
defined to be the crossing point of the locus of these 
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Fig. 2. Two-melt phase boundary for Bi-Zn system: ~, experimental 
results;., central points of the two-phase ranges at various tempera- 
tures. 

central  points and the coexistence curve, is T c = 
846.5 _ 2.5 K, X c = 17.0 _+ 1.0 at.% Bi. 

4. D i scuss ion  

A compar ison  be tween our  data and the results of  
o ther  investigations is given in Tables  1 and 2. The  
posit ions of  the critical point  de te rmined  in Refs. [2,3] 
and in our  paper  are in good  agreement .  Kleppa ' s  

Table 1 
Coordinates of the critical point in the Bi-Zn system 

Ref. T c (K) X c (at.% Bi) 

[6] =878 =15 
[3] 849 _+ 2 18.5 
[2] 853 ± 3 17.8 ± 0.3 
Present work 846.5 ± 2.5 17.0 ± 1.0 

Table 2 
Composition of the liquid phases at the monotectic temperature in 
the Bi-Zn system 

Ref. T m (K) Concentration (at.% Bi) 

Zn rich Bi rich 

[7] 689 0.6 63.0 
Gautier et al. (1896) a 668 - -  --  
Arnemann (1910) a 689 0.3 - -  
Mathewson et al. (1914) ~ - -  0.62 59.6 
Present work 680 - 2.5 0.95 ± 0.3 61.6 ± 1.5 

a The data taken from Ref. [8]. 
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Fig. 3. The dependence of ln(X 1 - g2) on ln(z) along the coexist- 
ence curve. 
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results [6] are the sole exceptions,  but  they are a rough 
estimation. The  li terature data  on the composi t ion  of  
the liquid phases in the monotec t ic  points  are in a 
good  ag reement  with our  results also. The  monotec t ic  
t empera tu re  presented  by Seith et al. [7] and rec- 
o m m e n d e d  in Ref. [8] is slightly higher  than the value 
measured  in our  experiments.  

Accord ing  to Ref. [9], the shape of  the coexistence 
curve in the vicinity of  a critical point  is described by 
the equat ion  

X 1 - X 2 = B r  ~ (4) 

where X 1 and X z are the concent ra t ions  of  the phases 
in equil ibrium with each other,  /3 is the critical 
exponent  r =  IT c -  T I / T  c and B is a constant .  The  
critical exponent  can be obta ined  f rom a plot of  
ln(X I - X 2 )  against In(r). 

A plot revealing this dependence  is shown in Fig. 3. 
Over  the t empera tu re  range 800 K - T  c (where z <  
0.06) the value o f /3  equals 0.35 _+ 0.02. This is close to 
non-classical va lue /3  = 0.31-0.34 and agrees wi th /3  = 
0.33 _+ 0.01 repor ted  in Ref. [2] within the est imated 
error. However ,  at t empera tures  below 800 K the 
slope of  the dependence  of  ln(X 1 - X 2 )  on In(r) rises 
sharply and the cor responding  /3 value comes to 
0.44 __ 0.02. This is close to the classical value of  the 
critical exponent .  

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

A new exper imental  me thod  for  investigating two- 
melt phase separat ions using -~ radiat ion has been  
deve loped  and checked.  The  major  advantage  of  this 
me thod  consists in a considerable  reduct ion in the 



R.A. Khairulin, S.V. Stankus / Journal of Alloys and Compounds 234 (1996) 260-263 263 

n u m b e r  of  samples  r equ i red  and  the possibil i ty of  
s tudying diversif ied mel ts  up to 2300 K. T h e  immis-  
cibility reg ion  of  B i - Z n  mel ts  has  b e e n  de te rmined .  A 
c o m p a r i s o n  of  the  resul ts  of  ou r  m e a s u r e m e n t s  with 
l i te ra ture  da ta  has  b e e n  used  to d e m o n s t r a t e  the  
reliabil i ty of  our  me thod .  I t  was  es tabl i shed tha t  the 
shape  of  the coexis tence  curve  is descr ibed  by  Eq.  (4) 
with a non-classical  va lue  o f / 3  in an ex t ended  region 
a round  the  critical po in t  up to r = 0.06. 
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