13¢me Congrés de Mécanique 11 - 14 Avril 2017 (Meknés, MAROC)

Transport coefficients of binary and ternary mixtures of DCMIX project
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Abstract: We present the thermodiffusion, molecular
diffusion and Soret coefficients of several binary and
ternary mixtures of DCMIX project. All measurements
were carried out at 25°C and two experimental
techniques have been used such as the
thermogravitational column technique (TGC) and the
Sliding symmetric Tubes technique (SST). In addition
the thermophysical properties of analysed mixtures have
been determined. The obtained results show the good
agreement with other results of literature measured by
different experimental techniques.
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1. Introduction

The interest of the analysis of transport properties in
mixtures is increasing because if their important role in
several natural processes such as oil reservoirs [1],
biology [2]-[4]. That's why binary liquid mixtures have
been widely analysed by the scientific community [5]-
[11]. As a result of several years’ effort, in 2003 the first
Benchmark of binary liquid mixtures was published [12]
by five European research groups. With ternary
mixtures, the difficulty of determining the transport
coefficients is higher because the number of unknown
coefficients increases considerable. In addition, there are
different theories that are not in agreement [13], [14].
Therefore, different groups joined together with the
European Space Station (ESA) and started working on a
project in order to analyse transport properties in
multicomponent mixtures and try to unify a theory. This
project called DCMIX is divided into different phases
where the aim of each phase is to analyse different
ternary mixtures.

The first phase DCMIX 1, analyses hydrocarbons
composed of Dodecane, Isobutylbenzene and 1,2,3,4
Tetrahydronaphthalene.  Several works of binary
mixtures [15]-[18] and ternary mixtures [19]-[24] of this
system have been studied. As a result, in 2015 the first
Benchmark values of this ternary system were published
[25]. The DCMIX 2 is composed of Toluene, Methanol
and Cyclohexane. This system is characterized for being
critical because in some range of concentrations liquids
are not miscible and in addition, there is a sign change of
Soret coefficient [26]-[31]. The third system is DCMIX
3 and it analyses aqueous systems of Trithylene Glycol,
Water and Ethanol. Binary mixtures of this system have
been already measured previously [11], [32]-[37] and
molecular diffusion coefficients of the ternary system
have been published recently [38]. Finally, in the fourth
system it is going to analyse three ternary systems,
DCMIX 2 system, Toluene-1,2,3,4
Tetrahydronaphthalene-Fullerene  and  Polystyrene-
toluene-nhexane.

This work presents Difusion, Thermodiffusion and Soret
coefficients together with the thermophysical properties
of DCMIX 2 and DCMIX 3 systems.

2. Experimental techniques

To determine the transport coefficients, different
techniques have been used as the Thermogravitational
Column and the Sliding Symmetric Tubes techniques.

2.1. Thermogravitacional Column

The termogravitational technique [39] allows
determining the thermodiffusion coefficient by the
variation of the concentration with the height of the
column Fig. 1, and some thermophysical properties.
Instead of trying to avoid convection as in the elemental
Soret cell, the thermogravitational technique adds it to
the thermodiffusive separation. The applied temperature
gradient makes, generally, the denser component migrate
to the cold wall due to thermodiffusion and at the same
time it is moved to the bottom part of the column due to
convection. Therefore, a vertical concentration gradient
is established through the height of the gap.

The theory of the thermogravitational column [40]
allows relating the stationary separation to the
thermodiffusion coefficient, Dr, by the following
expression,

ac=-20Dv e ()
gal;

where  Ac=—(L,0p/fpoz) is the mass fraction
difference between the top and the bottom of the gap ,
B=0/p)op/pic) . v is the Kkinetic viscosity,
a=—-1/p)(0p/3T) is the thermal expansion
coefficient, ¢, is the mass fraction of the initial mixture
and g is the gravity acceleration.

As a result, the thermodiffusion coefficient for binary

mixtures can be defined by

_ L« % 0
T 504 c,(l-c,)pu @z

Where, y is the dynamic viscosity and ¢, (1-c,) is the

product of the initial concentrations.
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Fig. 1. Thermogravitational column.
2.2. Sliding Symmetric Tubes

The Sliding Symmetric Tubes technique [41] enables the
determination of the diffusion coefficient. This setup Fig.
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2 is composed by several sets that have two identical
tubes one in front of the other that can slide. To measure
the diffusion, it is introduced the sample inside the tubes
with a slight difference of concentration between the top
(low concentration) and bottom (high concentration)
tubes to avoid instabilities because of convection.
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Fig. 2. @) Tubes in faced position, b) Tubes in separated
position, ¢) Sliding Symmetric Tubes setup.

To determine the diffusion coefficient, the variation of
the concentration of the tubes in square rout of time is
analyzed. For binary mixtures, D coefficient can be
determined by the following expression,
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3. Results

3.1 DCMIX 2 system

We have measured diffusion, thermodiffusion and Soret
coefficients of 26 binary mixtures of DCMIX 2 system
in collaboration with the groups of Prof. Kohler in
Bayreuth (Germany) and the group of Prof. Shevtsova in
Brussels. The results we have obtained in three
laboratories by different experimental techniques are in
good agreement. In addition, our results are favourable
with the ones that have been published in literature.

3.2 DCMIX 3 system

We have determined the thermodiffusion coefficients in
the positive range of 12 binary mixtures of DCMIX 3
system, composed by Water-Ethanol and TEG-Water.
Fig. 3 shows the thermodiffusion coefficients of water
ethanol binary mixtures in comparison with literature
data. There we can observe the sign change at around
70% wit.

In addition, the thermodiffusion coefficient of two
ternary mixtures of TEG-Water-Ethanol at (33-33-33 wt
%) and (15-25-60 wt %) have been determined by the
thermogravitational column technique.
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Fig. 3. Thermodiffusion coefficient of Water-Ethanol
binary mixture at 25°C.
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