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Prediction of the Viscosity of Liquid Mixtures:
An Improved Approach1

M. J. Assael,2, 5 N. K. Dalaouti,2 J. H. Dymond,3 E. Perperi,2

and W. A. Wakeham4

A recently developed theoretically based scheme for the prediction of the
viscosity of gas mixtures is modified by making use of the hard-sphere theory
and applied to the prediction of the viscosity of liquid mixtures. Preliminary
results are compared with viscosity measurements of mixtures of n-hexane with
toluene and with cyclohexane, and demonstrate the predictive power of this
scheme.
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1. INTRODUCTION

Whereas for pure liquids there exists a body of reliable experimental
viscosity data, the situation for liquid mixtures is much less satisfactory
with respect to experiment and correlation. This distinctive lack of
experimental data over wide ranges of conditions has hindered the develop-
ment of a theoretical approach and also rendered a purely empirical
approach to the prediction of the transport properties impractical. To date,
two approaches have been employed. The corresponding states approach
[1, 2] has been widely used for mixtures of hydrocarbons or refrigerants.
Its accuracy however, depends on the availability of experimental data in
order to improve the correlation. Dymond and Assael employed an
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approach based on considerations of hard-sphere theory in order to predict
the transport properties of liquids up to high pressures. The scheme was
successfully employed for hydrocarbons [3, 4], alcohols [5], and refriger-
ants [6], but its application is restricted to mixtures of homologous series
[7] only.

An alternative approach has recently been proposed by Vesovic and
Wakeham [8, 9], who extended a theoretically based scheme [10, 11] for
predicting the transport properties of fluid mixtures from those of the pure
components to high-pressure gases. Vesovic and Wakeham also applied
their scheme successfully to one liquid mixture��propane and methane [9].

The work presented here attempts to expand the application of the
Vesovic and Wakeham scheme to calculate the viscosity of liquid mixtures.

2. THEORETICAL

The Vesovic and Wakeham scheme for the prediction of the mixture
viscosity from the properties of its constituents has been described in detail
elsewhere [8, 9], and it will only be briefly presented here together with
the extensions we now propose. According to Di Pippo et al. [10], the
viscosity ' of a dense-gas mixture of N components as a function of its
molar density \ and its temperature T can be expressed as
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Table I. Coefficients a'k , bk , and ck

k a'k bk ck

0 1.0945 0.46649 0.1281
1 &9.26324 &0.57015 &0.1108
2 71.0385 0.19164 0.0962
3 &301.9012 &0.37080 &0.0271
4 797.6900 0.00241 0.0024
5 &1221.9770 �� ��
6 987.5574 �� ��
7 &319.4636 �� ��

In these equations, xi and xj are the mole fractions of species i and j,
while mi and mj are their molecular masses. The dilute-gas limit interaction
viscosity of species i� j, no

ij , can be obtained from [12]

no
ij=

5
16 _

2mi mj

(mi+mj )
kBT

? &
1�2 1

_2
ij 0 ij*(T ij*)

(6)

where

ln 0 ij*(T ij*)= :
4

k=0

bk[ln(T ij*)]k and T ij*=T�(=ij �kB) (7)

Coefficients bk are given in Table I, while _ij and =ij �kB represent the length
and energy scaling parameters. Equations (6) and (7) can also be employed
for the calculation of the dilute-gas limit viscosity 'o

i of pure component i.
In Eqs. (3) and (4) the symbol A ij* represents a weak function of the

intermolecular potential for the i� j interaction. This can readily be
calculated from [12]

ln A ij*(T ij*)= :
4

k=0

ck[ln(T ij*)]k (8)

where the coefficients ck are given in Table I.
In cases where they are not known from other sources [12], the length

and energy scaling parameters for the like and unlike interactions can
approximately be calculated from [13]

(=ij �kB)=0.775T c
ij (9)

(2�3) ?NA _3
ij=0.211(RT c

ij �P
c
ij ) (10)
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while the mixture critical properties can be obtained from the Lorentz�
Berthelot mixing rules [14] as

|ij=(|i+|j )�2 (11)

Z c
i =0.2905&0.085|i (12)
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where kij is the binary interaction parameter, and |i , |j , and |ij are
acentric factors. Note that Eq. (12) is also valid for Z c

ij .
The pseudo-radial distribution function /� ij for the molecules i and j in

the presence of all other species in the mixture was obtained according to
Vesovic and Wakeham [9] as
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while the pure-fluid pseudo-radial distribution function was expressed in
terms of the experimental viscosity 'i at the same molar density and tem-
perature as
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with ;= 0.830. It should be noted that in the case of liquid mixtures, the
positive root in Eq. (18) is to be chosen, but for gaseous mixtures with
lower densities the negative root has to be taken.

The parameter aii accounts for the mean-free path shortening in an i�i
collision in the dense gas, and is defined [10] as

aii=(8�15) NA?_3
ii (19)

For the calculation of this parameter, since we are interested in apply-
ing the procedure to liquid mixtures we have adopted a different approach
from that described by Vesovic and Wakeham [8, 9]. We have related this
parameter to the Enskog close-packed volume Vo given by

Voi=NA _3
ii�- 2 (20)
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and thus

aii=0.8_2.961Voi (21)

Furthermore, we have calculated Voi from liquid-phase experimental
viscosity values according to the hard-sphere scheme proposed by Dymond
and Assael [3]. Thus, Voi was expressed as

Voi= :
4

k=1

vk(T�T c
i )

k&1 (22)

The coefficients vk were obtained by employing experimental viscosity
values 'i and solving the following two equations for Voi [3]:

' i*=6.035_108 'i V 2�3
i (1�Mi RT )1�2�R'i (23)

log 'i*= :
7

k=0

a'k(Voi �Vi )
k (24)

with R'=1. In Eq. (23), Mi is the molar mass and R is the universal gas
constant. The coefficients a'k are given in Table I.

Finally, for the parameter aij the mixing rule proposed by Di Pippo et
al. [10] was adopted:

aij=
1
8 (a1�3

ii +a1�3
j j )3 (25)

3. APPLICATION

To apply the aforementioned scheme for the prediction of the viscosity
of a liquid mixture at a particular molar density and temperature, one only
requires the critical parameters and the acentric factor of the constituent

Table II. Critical Constants, Acentric Factor, and Coefficients vk

n-Hexane Toluene Cyclohexane

T c (K) 507.9 591.75 553.5
Pc (MPa) 3.035 4.108 4.070
V c (10&6 m3 } mol&1) 370 316 308
| 0.299 0.263 0.212
v1 (10&6 m3 } mol&1) 61.275 112.550 82.890
v2 (10&6 m3 } mol&1) 113.607 &186.164 &5.909
v3 (10&6 m3 } mol&1) &184.203 288.889 &10.047
v4 (10&6 m3 } mol&1) 87.389 &163.262 0
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liquids and their viscosity, but at the same molar density and temperature.
The satisfaction of the latter requirement made the literature search very
difficult for testing the scheme. Only two mixtures were found for which the
viscosity was measured at a molar density and temperature where the
viscosity of the constituent liquids was also available. The mixtures were
n-hexane+toluene [15] and n-hexane+cyclohexane [16], and the viscosity
of the constituents had also been measured��n-hexane [17], toluene [15],
and cyclohexane [18]. Table II gives the critical constants, the acentric
factor, and the coefficients vk of Eq. (22), obtained as described.

Tables III and IV show the values of the viscosity predicted by this
new scheme. Values of the viscosity of the pure components at the same
molar density and temperature are also shown.

The following two points must be considered: (1) In order to achieve
the same molar density for the pure liquids, very high pressure measure-
ments had to be included; and (2) in some cases the ratio of the viscosities
of the two pure components was as large as 4.8.

With these two points in mind, the deviations between the predicted
values and the measured ones, as shown in the last columns in Tables III
and IV, are considered as very satisfactory. We note that, in general, devia-
tions are within \50 and only rise above that value if the viscosity ratio
is larger than 4 or the pressure is very high.

Although these results should be considered as preliminary, it is worth
noting that the simple mole-fraction average of the pure component
viscosities at the same pressure and temperature yields discrepancies of
some 350 (n-hexane+cyclohexane) from the experimental mixture vis-
cosity. The computer package SUPERTRAPP, based on a corresponding-
states principle, yields viscosity data that underestimate the experimental
values for the mixtures by as much as 300. This, however, is most probably
attributed to the very high pressures involved.

4. CONCLUSION

The scheme proposed in this paper for the prediction of the viscosity
of liquid mixtures seems to be promising. Preliminary results compared
with viscosity measurements of mixtures of n-hexane with toluene and with
cyclohexane demonstrate the predictive power of this scheme.
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