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COMPUTER OPTIMIZATION OF DENSITY AND VISCOSITY
FOR BINARY METALLIC MELTS®

Zhang, Jiayun Zhou, Tuping Feng, Xueliang
Department of Physical Chemistry,University of Science and Technology Beijing ,Beijing 100083

ABSTRACT By applying algebraic formulae which correlate the density with temperature and chemical com-
position, computer fitting has been carried out on the the experimental data of densities for binary metallic melts.
The relationship between activation energy of viscous flow, temperature and composition has been formularized
analogously to that for the integral molar Gibbs energy. The semiemperical model has been successfully applied to

calculate the viscosity and kinematic viscosity for various binary metallic melts.
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1 INTRODUCTION

Viscosity in high temperature melts is one
of the most important physical properties re-
quired for predictions of kinetics and dynamic
control in metallurgical processes. The high
melting temperatures of these melts make ex-
perimental measurements of the physical prop-
erties more difficult. The experimental data
available in some systems exhibit obvious di-
versity and can only cover a small range of
chemical composition and temperature. The
theoretical approach based on micro-structure
of the melts at high temperature now seems
far from satisfaction. Contrastively, semi-em-
perical techniques are most frequently used.

The following equation has been com-
monly used to estimate viscosities for pure lig-
uid substances™!,

7=A

where

. eE’I/RT

o))
E, stands for the activation energy of
viscous flow. More detailed investigations
have indicated that E, varies with temperature
as well as chemical composition for metallurgi-
cal melts at high temperature.

Du Sichen ez a/t* have developed a model
to evaluate viscosities for high temperature
ionic melts. For unary systems, the viscosity
can be estimated by the following equation™!,
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AN =
N = eX 2
h is the Plank’s constant; N is the
Avagadro’s number; V is molar volume.

Eqn. (2) can be rewritten as:

hANp, .=

7= T_pemf /KT €))
where o is density of ¢; M, is molecular
weight of 7,
For binary systems, the viscosity can be ex-
pressed as:

m

where

_ }ﬂf AG™ /RT
where M is molecular weight for the mixture

of the system, M = ZM, « X,; pis density of
the solution. In Ref. [2], p was estimated as a
linear summation of the densities of pure com-
ponents. The activation energy of viscous
flow in Ref. [2] was described by expressions
analogous to those for the integral molar
Gibbs energy in ionic melts'!, so that AG™
correlated with temperature and chemical
composition in these systems.

In present work, the dependence of vis-
cosity on temperature and chemical composi-
tion in metallic melts has been investigated
and described by expressions analogous to
those for integral molar Gibbs energy in
metallic systems. The model has been applied
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to fit and optimize the experimental data of
viscosity in various binary metallic melts.
Computer optimized density values were em-
ployed in the above evaluations. The combina-
tion of the calculations for viscosity and densi-
ty has provided the optimized kinematic vis-
cosity data for the metallic systems.

2 OPTIMIZATION OF DENSITIES

The density for a pure liquid metal ex-
hibits a linear relationship with temperature

p=a+bT (5
p=an +6(T —T.) (6
where T, represents melting temperature;

a, b, a, are constants.

In binary metallic melts, relationship of
density with chemical composition can be pre-
sented by the following polynomial equation:

p= 32D, X @)
k=0

E=0,1, 2, », X, represents the

mole fraction for one component. In general,

with the first two or three terms, satisfactory

accuracy can be reached. The temperature de-
pendence of D, may be formulated as:

where

D, = °D, + 'D, T + lelenT (8
or as the following alternative equation
D, = D, +'D,T + ZDkTZ 9

3 MODEL FOR ACTIVATION ENER-
GY OF VISCOUS FLOW

The activation energy for a pure liquid
metal can be expressed as follows:

AG? = a + 6T + TInT ao

In order to determine the quantitative re-
lationship of the activation energy with tem-
perature and chemical composition, analogous
methodology has been employed.

The integral molar Gibbs energy for ideal
solution is described as:

By analogy, the following expression has been
tested ;
AG* = ZX.AG?” + RT(ZX, « InX)) 12

where

AGY represents the activation energy

for pure liquid metals. The maximum of the
relative deviations between calculated and ex-
perimental values can reach 50%. Further,
the following analogous expression for the G,
in regular solution has been applied;

AG* = X,AGY + X,AGY 4+ RT (X InX,

+ X,InX,) + AFG* (13)

AEGF = X, X, L (14)
where L depends on temperature for a spe-
cific system; A*G™ may be defined as excess
activation energy. The maximum of the rela-
tive deviations between the values calculated
using Eqgns. (13), (14) and experimental data
has been reduced to a level of 20% ~30%.

Magules model and Redlich formulae!
seem more sophisticated than the regular solu-
tion model in correlating G, with temperature
and composition. By the following expressions
of AFG™, the experimental data for viscosity in
binary metallic melts can be optimized;

AG* = XX, 2AL(X, — X! (15

L =*Ly 4+ *L\T 4 *L,TInT + «+ (16)
In general, the relative deviations between
calculated and measured values can be reduced
to a level lower than the measured error by
taking n = 1 or n = 2 in Eqn. (15) and the first
three terms in Eqn. (16). In a few systems,
the fourth term in Eqn. (16) has to be includ-
ed.

4 CALCULATION RESULTS

4.1 Density
In present study, experimental data of
density in various binary metallic melts have
been satisfactorily fitted using Egns. (7),
(8). Au-Ag system can be taken as an exam-
ple. The results of the optimization for the
density data measured by Gebhardt™! gave the
following equation:
p=8.203+1.052 X 10727
— 1.363 X 107 ¥ TInT
+ (14.457 — 1.351 X 107:T
+1.296 X 1073 TInT) X4,
+ (7.691 — 8.244 X 107*T
— 8.149 X 107* TInT) X4, an
The maximum of the relative deviations
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between the calculated and measured data in
Au-Ag system is less than 1%. Fig. 1 exhibits
a comparison between the calculated and ex-
perimental data of density in Au-Ag system at
1573 K.

4.2 Viscosity

As a model, the combination of Eqgns.
4), (7, (9), (15) and (16) has been ap-
plied for the evaluation of viscosity in various
binary metallic melts. Again, taking Au-Ag
system as an example, the following equations
for A¥G” have been obtained by the optimiza-
tion of the experimental data measured by

Gebhardt!™.
INES

Where
°f, = 40740 4+ 5.430 T + 0. 1609 TInT
— 3.098 X 10 T* (18-1)
', =1622040.2471 T — 0.9772 TInT
— 1.345 X 10" T¢? (18-2)
L = — 568500+ 14. 75 T + 35. 02 T'lnT
+ 4.217 X 10" T? (18-3)
The maximum of the relative deviations be-
tween the calculated results and measured da-
tal”) has been reduced to 3.8%. Fig. 2 reveals
a comparison between calculated viscosity val-
ues and measured data in Au-Ag system.
Liquid Pb-Sn system has been considered
as two sub-systems, the Sn-poor side and the
Sn-rich side. The optimized expressions for

1 2 3 _ k
XAuXAgEo L(Xa — Xa)* (18

p/100kg + m™*
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Fig.1 Variation of density with mole
fraction of Au in Au-Ag system(1573K)

AFG” in the sub-systems using the data mea-
sured by Fisher ez al’ are presented in Eqns.

(19-1)~(19-7).
B 1 0 1 _
AFG* = XPbXSn[ L4 'L(Xs, — Xm)

+ AL(Xso — Xp)?] (19-1)
For Sn-poor side;
°L = 139600 — 1554 T + 211.5 TInT

(19-2)
'L = 426200 — 4846 T + 650. 7 TInT

(19-3)
!L = 363500 — 4026 T + 540. 4 TlnT

(19-4)

For Sn-rich side:
°L = 382300+ 938.7T — 163.8 TInT
— 1. 457 X 108/T (19-5)
'L = —2023000—4930T —876.9 TInT
+ 7.768 X 10*/T (19-6)
2L = 3147000 + 8844 T — 1526 TInT
— 1.244 X 103/T 19-7)
The maximum of the relative deviations
between calculated values and experimental
data of viscosity is approximate to 2% for the
Sn-poor side and 1% for the Sn-rich side.
Fig. 3 illustrates a comparison of the viscosity
values calculated using the model with the ex-
perimental datal” for the Sn-poor side, and
Fig. 4 presents the same for the Sn-rich side in
Pb-Sn system.

*s

7 /mPa
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Fig. 2 Variation of viscosity with mole
fraction of Au in Au-Ag system

1—T =1573K; 2— T =1473K;
3—T =1373K; 4—T =1343K
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In present study, the combination of the opti-
mized viscosity and density values in the
metallic melts yields the optimized kinematic
viscosity data for the same systems which as
we know are important parameters for kinetics
study in process metallurgy. The variation of
the calculated kinematic viscosity with the
mole fraction of Au at 1573K in Au-Ag sys-
tem is presented in Fig. 5.
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Fig. 3 Variation of viscosity with mole
fraction of Sn for Sn-poor side
in Pb-Sn system
1— T =623K; 2— T =653K; 3— T =673K
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Fig. 4 Variation of viscosity with mole
fraction of Sn for Sn-rich
side in Pb-Sn system
1— T =513K; 2— T =553K; 3— T =593K;
4— T =623K; 5— T =673K
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Fig. 5 Variation of kinematic viscosity
with X,, in Au-Ag system at 1573K

5 CONCLUSIONS

A model correlating activation energy
with temperature and composition has been
applied to evaluate the viscosity in binary
metallic melts. The optimizations of the ex-
perimental viscosity data for binary metallic
systems have given satisfactory results. The
optimized density data was employed in the
calculations, indicating an approach for the
optimization of kinematic viscosity for high
temperature metallic melts.
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