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ABSTRACT

The University of Alicante has developed a method to transform
the dynamic instruments for the determination of vapor-liquid
equilibrium data into useful equipment for the determination of
isobaric vapor-liquid-liquid equilibrium data by the application of
ultrasound. Commercial equipment for homogeneous systems can
be used for heterogeneous systems with this technique. Partners
are sought to acquire the know-how and the patent rights.

INTRODUCTION

Many studies have been carried out in the heterogeneous azeotropic distillation field either by experiment or by simulation. The
development of all these studies requires the use of sets of isobaric vapour-liquid-liquid equilibrium (VLLE) data. However, the
number of ternary systems with experimental VLLE data is very limited since there is no standard commercial instrument to
sample separately the three phases in equilibrium.

The most common methodology in the determination of the isobaric vapour-liquid- equilibrium (VLE) data is by means of some
apparatus that utilise the dynamic method. However, these equipment are useful JUST when the liquid is composed by a sole
phase, that is homogeneous systems.

In case of two liquid phases (heterogeneous systems), this equipment can not be used these since is not possible to reach a
stationary regime. Limited mass transfer speed between the liquid phases as well as changes in the two liquid phases circulation
produces important data fluctuation. In consequence, measures can not be carried out.

The technology developed by the Department of Engineering Chemistry of the University of Alicante transforms this equipment
to be able to obtain equilibrium data on two phase liquid systems (heterogeneous systems). By so, the technology transforms
equipment for the determination of vapour-liquid- equilibrium (VLE) data into equipment for the determination of vapour-
liquid-liquid equilibrium (VLLE) data.

TECHNICAL DESCRIPTION

Using a standard equipment for the determination of the VLE in homogeneous systems, the developed method consist of applying
an ultrasound bean to the liquid-liquid-vapor mix by means of an ultrasonic probe (5) coupled in a welded and communicated
tube (4) to the reboiler (1). The tube (4) and probe (5) are situated in the reboiler (1) at the pipe (3) level and in contact with the
mixer flask (2). An hermetic closing between the probe (5) and the tube (4) is established to avoid leaks of liquid and / or vapor as
well as any acoustic energy loss to the liquid-vapor mix. Figure 1 shows this arrangement.
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Figure 1. Position and orientation (direction) of the ultrasonic homogenizer in
the instrument.

The functioning of the VLLE determination equipment is similar to the equipment without probe for homogeneous liquids but
including one more parameter to be controlled. That is the ultrasound power. The ultrasound power must produce a constant
emulsion in the reboiler in order to avoid the two liquid phase separation.

Samples of recirculated liquid for the two phases analysis are taken almost in the same way that when the liquid is homogeneous.
In this case, samples are taken from thermostated tubes at the same temperature than in the mix vapour bubble point (measure
by the apparatus ). Like this, there is time enough to the separation of two liquid phases at this temperature, sampling and
analysis.

Taking samples from the vapour phase can be done after condensation if the condensed vapour produces a homogeneous liquid.
In case of being heterogeneous, direct analysis of the vapour without previous condensation is the optimum procedure for the
composition determination.

Figure 2 shows the experimental equipment as well as the assembly for the taking of samples in the liquid and vapour phases.
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Figure 2. Experimental apparatus for the determination of the equilibrium.

Following tables show the VLLE data from the two ternary systems determined experimentally by using this new method. Every
table shows compositions (mole fractions) of the liquid and vapour phases as well as the bubble temperatures. The power
supplied by the ultrasound generator to determine the VLLE data of both systems was lower than 100 watts.



Table 1. Data of VLLE (mole fractions) of the ternary system water ( 1)- ethanol
( 2)- ethyl acetate ( 3 ).

AQUEOUS PHASE ORGANIC PHASE VAPOUR Th (*C)
X4 Xz X3 Xq X2 X3 1 ¥z VE]
BIN 0988 ... 0012 0225 .. 0,775 0306 ... 0694 7045
0
1 0967 0017 0015 0,269 005 0674 0,302 0,052 0,646 70,20
5] 7 6 7
2 0945 0,034 0020 0,35 0098 0546 0,303 0,089 0,608 70,30
1 5 T 1
3 0928 0,048 0023 0426 0129 0445 0,306 0,111 0,583 70,40
0 5]
4 0887 0,070 0042 0583 0140 0278 0,310 0,134 0556 70,80
Bl [

Table 2. Data of VLLE (mole fractions) of the ternary system water { 1 )-
propanol ( 2 )- cyclohexane | 3).

AQUEOUS PHASE ORGANIC PHASE VAPOUR Tb
°c)
X1 Xz X3 X1 ] X3 Yi Y2 ¥a
BIN 0999 ... 0000 0003 .. 0,997 0298 ... 0701 6945
9 1 0
1 0989 0030 0,000 0011 0030 0958 0,245 0,150 0605 6580
8 1 9 3
2 0937 0062 0000 0018 0,104 0,878 0,232 0,200 0,568 6435
8 2 8
3 0902 0090 0000 0037 0182 0,781 0,221 0,219 0560 64,30
4 9 8
4 0882 0116 0001 0,082 0273 0,645 0,223 0,226 0,551 64,20
9 5
5 0838 0156 0,005 0176 0344 0481 0,223 0,230 0547 6430
5

The VLLE data from both systems intended to be obtained in the original equipment Labodest WITHOUT MODIFYING it. Reliable
data could not be obtained. Also for poor propanol ternary mixes of the system water-propanol-cyclohexane was impossible to
determine the equilibrium due to the great system unstability where important temperature oscillations were producing (over
10°C in some cases). Also was impossible to determine the equilibrium in the range of poor ethanol concentrations for the
system water-ethanol- ethyl acetate due to the scarcity (in some null cases) of the recircultated organic phase trough the Cottrell
pump.

ADVANTAGES AND INNOVATIVE ASPECTS

- Ultrasound application on the VLLE determination is a new technique.

- The number of ternary systems with experimental VLLE data is very limited since there is no commercial equipment to sample
separately the three phases in equilibrium. This method allows to obtain data from this systems.

- Current equipment for homogeneous systems can be used for heterogeneous systems with this method.

CURRENT STATE OF DEVELOPMENT

The method has been tested at laboratory scale after many experiments. Position and direction of the ultrasound probe has been
optimised. An efficient method to produce an hermetic closing between the probe and the tube has been also established.

This method has been implemented in one of the most utilized equipment nowadays for the isobaric VLE data determination: the
Labodest from Fischer Labor und Verfahrenstechnik, Germany). Applying some ultrasound beam (homogeneizador> ultrasonic
homogeneizator Labsonic L -from Braun -) the original equipment is transformed to one equipment capable of the isobaric VLLE
data determination in heterogeneous systems.




MARKET APPLICATIONS

This new method could be applied to the manufacturing of standard equipment for the determination of isobaric VLE in both
homogeneous and heterogeneous systems.

Such as equipment could be of interest for research on the VLE field. Researches working in this field which already have

equipment for isobaric VLE in homogeneous systems, would be interested in having equipment also useful for isobaric VLE in
heterogeneous systems.

This new method would be of interest for manufacturers of equipment for the VLE experimental determination.

COLLABORATION SOUGHT

The Department of Engineering Chemistry of the University of Alicante is looking for partners interested in:

- Acquiring the know-how and the patent rights to manufacture and commercialise equipment for the VLE experimental
determination according to this new method.

- Establishing research and development projects in the field of phase equilibrium.

INTELLECTUAL PROPERTY RIGHTS

Spanish patent has been granted.

- Title: "Método y equipo para la determinacién del equilibrio liquido-liquido-vapor isobarico en sistemas heterogéneos".
Patente espafiola. (1999).

- Inventors: D. Francisco Ruiz Bevi4, Vicente Gomis Yagties y Juan Carlos Asensi

- Patent number: P9901574
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