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CALORIMETRIC INVESTIGATIONS OF THE SYSTEM
Pb—Bi-Mg-Sb WITH OELSEN’S METHOD

D. Zivkovié, Z. Zivkovié and D. Grujicié
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Abstract

The results of calorimetric investigations in the section Pb-Bi,~Mg,~Sb, (mole ratio
Bi:Mg:Sb=8:1:1) of the system Pb-Bi-Mg-Sb with Oelsen’s method are presented. The con-
structed space diagram and enthalpy isotherm diagram were used to determine integral mixing
enthalpies for the investigated section in the temperature interval 450~1100 K.
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Introduction

During the Kroll-Betterton process, known in the extractivc metallurgy of
lead as the process of refining from bismuth by using calcium, magnesium and
antimony, many processes take place in the system Pb~Bi—-Mg—Sb [1-3].

Although there are literature data relating to the technological problems or
fundamental aspects of the phenomena occurring in the systems Pb-Bi—Mg and
Pb—Bi—Sb [1-5], no thermodynamic data are available on the system
Pb~Bi—Mg—Sb. Determination of the thermodynamic properties of this system
is therefore important from both scientific and practical points of view.

Thermodynamic data on the constitutional binary and ternary systems have
been determined and reported [6—-19]. All six binaries, except the liquid alloys
Bi—Sb [11, 12], possess negative enthalpies of mixing and exhibit negative de-
viations from ideal behaviour in the whole concentration range, which is charac-
teristic for strong interactions between constituent components and the existence
of intermetallic compounds, presented in the phase diagrams of the systems
Mg-Pb [7, 8], Mg-Bi [9, 10] and Mg—Sb [13, 14]. Similar thermodynamic
trends for the constitutional ternary systems were indicated by the given thermo-
dynamic data: the results of calorimetric measurements [15], thermodynamic
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predictions [16], MICT and LCPT model application [17, 18] in the system
Pb-Bi-Mg, and the results of thermodynamic predictions in the system
Pb-Bi—Sb [19].

As a contribution to the knowledge on the thermodynamics of the system
Pb—Bi—-Mg—Sb, the present paper reports results of Oelsen calorimetric mea-
surements in the section Pb—Bi,Mg,Sb, (mole ratio Bi:Mg:Sb=8:1:1).

Experimental

Oelsen’s calorimetry was used for the thermodynamic analysis of the investi-
gated system. Descriptions of this experimental technique are to be found in
[20—22]. The water equivalent was determined by a standard method involving
dissolved Na,COs, and for the calorimeter used it has a value of 3453 J K.

The calorimetric measurements and thermodynamic calculations of the sec-
tion Pb—Bi,Mg,Sb, in the system Pb~Bi~Mg—Sb were carried out along the line
of a constant molc ratio Bi:Mg:Sb=8:1:1, which is presented in Fig. 1, while the
compositions of the eleven samples investigated are given in Table 1.

The metals used were of analytical grade. All experiments were carried out in air.

Pb

Fig. 1 Graphic presentation of the investigated section in the system Pb--Bi-Mg-Sb

Results and discussion

Based on the cooling curves obtained by Oelsen’s calorimetry, the tempera-
ture changes of the calorimeter used were determined for all samples in the in-
vestigated temperature interval 450-1100 K (Table 2). With these data, the fol-
lowing step in Oelsen’s thermodynamic analysis is the construction of the en-
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thalpy space diagram: the dependence of the calorimeter temperature change on
the composition and temperature (Fig. 2).

Table 1 Compositions of the investigated samples

Alloy  xPb xBi *Mg xSb mPblg  mBi/g mMg/g mSbig
L0 1 0 0 0 11.4 0 0 0
Ll 0.9 0.08 0.01 001 10142 0.9093  0.0132  0.0662
L2 0.8 0.16 0.02 002 89137 1798  0.0261  0.1309
L3 0.7 0.24 0.03 0.03 77122 2.6669  0.0388  0.1942
L4 0.6 0.32 0.04 004 65374 35165 00511 02561
Ls 0.5 0.4 0.05 0.05 53882 43476 0.0632  0.3166
L6 0.4 0.48 0.06 006 42639 51606 0.075 03758
L7 0.3 0.56 0.07 0.07  3.1637 5.9563  0.0866  0.4338
L8 02 0.64 0.08 0.08  2.0868 67351 0.0979  0.4905
L9 0.1 0.72 0.09 0.09 1.0325 7.4975 0.109 0.546
L10 0 0.8 0.1 0.1 0 82442 0.1199  0.6004

Fig. 2 The enthalpy space diagram: calorimeter temperature change vs. composition and tem-
perature
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The enthalpy isotherm diagram for the investigated temperature interval
450-1100 K is presented in Fig. 3.
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Fig. 3 The enthalpy isotherm diagram for the temperature interval 450—1100 K

From the enthalpy isotherm diagram, integral mixing enthalpies for the inves-
tigated section Pb-BiyMg,Sb; in the system Pb—Bi—Mg—Sb at temperatures in
the interval 4501100 K were determined according to Oelsen [20]:

_ AAT W
mi
hyvs

where AHM is the integral mixing enthalpy (J mol™), W is the water euqivalent
(J K™, m; is the mass of component i, and A4 is the atomic mass of component i
(g mol™). The value of AAT., can be obtained as follows: for the isotherm in
Fig. 3, the points for xp,=0 and xpy=1 are connected by a straight line; AAT,, is
then obtained as the height from each point to the connecting straight line. By

AR (1
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means of such a calculation, integral mixing enthalpies at the investigated tem-
peratures were determined (Tablc 3).

Table 3 Integral mixing enthalpies at temperatures in the interval 450-1100 K

AH M mol™
Alloy o
L1 L2 L3 L4 LS L6 L7 L8 L9
xPb—
k. 09 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
450 635 —6421 1299 1313 11950 5369 2035 1371 1386

500 -1270 -1284 6494 5253 23901 6712 4071 4114 4158
550 5079 3853 3247 1313 25229 5369 3392 5486 7623
600 5079 5779 1948 -1313 17262 -4027 9498 -9600 -2772
650 4821 -6421 -5195 -1313 11950 -12081 -14926 -17828 -9702
700 -3809 —6421 -1299 2627 11950 -9396 -13569 -12343 -8316

750 -380% -7705 -1299 0 9295 -10739 -13569 8228 -5544
800 6349 -10274 -6494  -5253 4027 -16108 -14926 -6857 -2772
850 2539 7705 -3247 6567 1328 -12081 -12212 4114 0
900 -6349 8990 -5195 -11820 -5975 -14766 -10855 4800 0
950 -7618 -10274 -7793 -15760 -10623 -10739 -9498 -2743 0
1000 -6349 -10274 -5195 -15760 -14606 -8054 -10177 2743 4158
1050 -8888 -11558 -6494 -17073 -15934 -6712 8141 0 6930

1100 -11427 -15411 -7143 -16416 -23901 -4027 -9498 1371 11780

At lower temperatures, 450-550 K, the sign of the integral mixing enthalpies
is positive in the composition range xpp=0.1-0.7, while at 600 K it starts to be-
come negative in the greatest composition part. This trend of negative integral
mixing enthalpies is present up to the highest investigated temperatures for lig-
uid Pb—Bi—Mg-Sb alloys.

A negative integral mixing enthalpy is characteristic for systems with
stronger interactions between the constitutional components, i.e. systems in-
volving the existence of an intermetallic compound or an equilibrium between
solid and liquid solutions. As mentioned earlier, the binaries Pb—Bi, Pb-Mg,
Pb-Sh, Bi—-Mg and Mg—Sh exhibit negative deviations from ideal behaviour and
have negative integral mixing enthalpies [6]; intermetallic compounds are pres-
ent in Pb—Mg, Bi—-Mg and Mg—Sb, and also in constitutive ternaries [15], which
all suggest the similar behaviour of the quaternary system Pb—Bi~Mg—Sb. Thus,
on the basis of the konwn phase diagrams of the constitutional ternary systems
[15] and the results obtained for the investigated section Pb—Bi.Mg,Sb, (mole ra-
tio Bi:Mg:Sb=8:1:1), it can be predicted that the occurrence of intermetallic
compounds in the system is probable.
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As there are no reports on the phase diagram of this section in the quaternary
system Pb—Bi~-Mg—Sb, further investigations are needed for the phase diagram
construction in order to furnish more complete and precise information than that
obtained by Oelsen’s calorimetry.
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