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A Study on Local Static Hold-up in a Rotary Disc Contactor Liquid-liquid
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Abstract: A 28 compartment liquid-liquid extraction Rotary Disc Contactor (RDC) with 9.1cm inner
diameter was used in the experiments. The amount of static hold-up in five specific locations, for six
specific speeds and three different sizes of droplets by using Water-Toluene chemical system based
on single-droplet experiments was measured. Five correlations between the amount of local static hold-
up, drop diameter and rotor speed were proposed to estimate the amount of static hold-up in different
locations of the column.
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INTRODUCTION

Among various contacting devices used in liquid-liquid extraction operation, Rotary Disc Contactor (RDC)
gets preference on account of its high efficiency per unit height, high throughput, low driving power, low cost
and high operational flexibility comparing with conventional sieve plate, packed and spray columns (Kamath
Subba Rau, 1985; Laddha and Degaleesan, 1976; Zhang et al., 1981).

In order to obtain a suitable design for RDC columns, information on hydrodynamic parameters such as
hold-up, the axial dispersion and characteristic velocity is necessary (Moris et al., 1997). Indeed, the efficiency
of an extraction column is greatly affected by the dispersed phase hold-up and the particle size distribution
which determine the interfacial area and the mean residence time of the dispersed phase (Schmidt ez al., 2006).

Three types of hold-up have been discussed in the literature: static hold-up, dynamic hold-up (operating
or moving hold-up), and total hold-up. The total hold-up equals the sum of the static and dynamic hold-up
(Puranlk and Vogelpokhl, 1974).

In most of the researches on the hold-up of the RDC, total and dynamic hold-up has been studied (Moris
et al., 1997; Schmidt et al., 2006; Laddha et al., 1978; Kasatkin et al., 1962; Attarakih et al., 2006; Jeffreys
et al., 1981; Murakami et al., 1978; Kulkarni ef al., 2007; Ghalehchian and Slater, 1999; Brodkorb, and Slater,
2001; Kumar, Hartland, 1987). However, the static hold-up could have important roles on drop coalescence,
residence time, interfacial area and efficiency of the column. Static hold-up is that part of the total hold-up
which is trapped under the discs and can not be obtained by shut-down procedure (Brodkorb and Slater, 2001).

In many cases, when dispersed phase (dynamic) hold-up is less than 20%, coalescence (drop-drop
coalescence) is considered to be of minor importance and only break up process is concerned (Bahmanyar and
Slater, 1991), whereas the amount of static hold-up is considerable, the effect of drop coalescence with static
hold-up on drop size and distribution should be taken into account.

It is quite conceivable that the liquid hold-up in a column is closely connected with the interfacial area
(Puranik and Vogelpohl, 1974). Static hold-up is also a relevant parameter in the analysis of residence time
distributions, where it adds on to the dynamic liquid hold-up (Kulkarni et al., 2007; Ghalehchian and Slater,
1999; Westerterp et al., 1984). Furthermore, it has been observed that dynamic and static parts of the hold-up
are exchanging mass with one another. Indeed knowledge of local hold-up is essential for any rigorous analysis
of fluid dynamics and mass transfer efficiencies (Yin et al., 2002).
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As mentioned before, there are several investigations on total and dynamic dispersed phase hold-up in a
RDC column, but no literature was found on static hold-up in a rotary disc contactor.

Base on these studies, dispersed phase hold-up in a RDC depends on the column dimensions such as
column, rotor and stator diameter, and column and compartment height. Furthermore rotor speed, continuous
and dispersed phase flow rates, and the physical properties of the phases could affect hold-up (Moris et al.,
1997).

There are some papers on static hold-up in packed column especially in gas-liquid systems. Ortiz-arroyo
et al. believe that the static liquid hold-up is an important parameter in the operation, design and scale up of
packed beds (Ortiz-Arroyo et al., 2003). Alix and Raynal assumed that liquid static hold-up in a liquid-gas
packed column is a function of Reynolds number, instead of being constant (Alix and Raynal, 2008). Puranik
and Vogelpohl correlated the static hold-up with static area and the dynamic hold-up with dynamic area. In
this case, the maximum total effective interfacial area available for mass transfer under certain conditions is
the sum of these two areas (Puranik and Vogelpohl, 1974). Burdett et al. showed that static hold-up decreases
when dispersed phase flow rate increases in a liquid-liquid packed column (Burdett ef al., 1981).

In this study, static hold-ups were determined experimentally for five different positions of the rotary disc
contactor and five correlations were proposed to predict local static hold-up in the column as a function of
rotor speed and mother drop size.

MATERIALS AND METHODS
Chemical System Used:

The binary chemical system which used in this study is the EFCE recommended test system: water-toluene
(Misek et al., 1985). In all experiments, distillated water was used as stagnant continues phase and toluene
was applied as dispersed phase. In all experiments, the mentioned phases were mutually saturated, in order to
ensure conditions of no mass transfer. The main physical properties of mentioned chemical system are shown
in Table 1.

Apparatus:

The RDC column used in this study is made of glass and its rotors and stators are made of stainless steel.
Flow rate of dispersed phase were measured using a calibrated rotameter. The rotor speed could be adjusted
to a desired value (0 to 370 rpm) by use of a digital motor drive. The column has five sampling valves. Figure
1 and Table 2 indicate the details of the column.

Table 1: Physical properties of the chemical system

Physical properties Water/Toluene
p. (kg/m’) 1000

pa(kg/m®) 880

u.(kg/m.s) 0.001
wy(kg/m.s) 0.064

Y(N/m) 0.022

Table 2: RDC column characteristics

Column height(cm) 150
Column active height(cm) 60
inner diameter of column(cm) 9.1
inner diameter of stator(cm) 6.1
outer diameter of rotor(cm) 4.55
compartment height(cm) 2.78
maximum number of compartments in active region 21

Description of the Experiments:

Three different sizes of nozzles: 0.4, 0.8 and 1.75 mm, were used to form single drops of toluene. All
following stages were performed for each nozzle:

1. The column was filled up to the height of the fifth valve with saturated distillated water.

2. Rotor speed was adjusted to a prescribed value.

3. After opening the entering nozzle valve, the system was given enough time in order to reach to steady
state condition. During working with each nozzle, flow rate was sustained in a specific value to have the
size of drops constant.

4. Film taking was started from the beginning time of the system‘s balance.

5. After that, the nozzle valve was closed and the toluene which had reached to the top of the level of the

5192



Aust. J. Basic & Appl. Sci., 4(10): 5191-5198, 2010

continuous phase, namely at the top of fifth valve, drained from the fifth valve.

6. Then the whole liquid volume was drained from the fourth valve, to reach the local static hold-up in the
space between the fifth and fourth valve (namely position 4).

7. The volume of toluene and water placed at this space, were measured and recorded.

8. To determine the static hold-up for positions between the fourth and third valves (position 3), the third
and second valves (position 2) and the second and first valves (position 1), the whole liquid in mentioned
positions was drained from the lower valve of the position. For position between the first valve and the
bottom of the column (position 0), liquid volume was drained from the bottom of the column. Then the
volumes of dispersed and continuous phases were determined in each experiment.

9. Finally, the static hold-up for each position was calculated from the following expression: ¢, = volume
of dispersed phase/(volume of dispersed + continuous phase). Furthermore, regarding to taken photos, the
sizes of drops which were made by each one of the mentioned nozzles, were measured.

These stages were repeated for six different rotor speeds: 0, 75, 150, 225, 300, 375 rpm. Indeed, 90
experiments were carried out for five different positions of the column (positions 0-4 as indicated in Figure
1), totally.

Figure 2 shows vividly different stages of measuring the static hold-up for position 4.
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Fig. 1: Schematic feature of experimental apparatus
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Fig. 3a: low rotor speed (Orpm), b: high rotor speed (370rpm)
RESULTS AND DISCUSSION

Figure 3 shows local static hold-up in the RDC column at two rotor speeds: 0 and 370rpm. Regarding to
these figures, static hold-up which is located under stators and rotors depends strongly on rotor speed. When
the rotor speed was zero (Figure 3-a) most of the static hold-up located under the rotors. In contrast to that,
when motor was working and the rotors were spinning (Figure 3-b) most of the static hold-up was under the
stators.

On the other hand, when the rotor speed is zero (Figure 3-a), the amount of static hold-up is much more
comparing to that at a high rotor speed (Figure 3-b). Indeed, by increasing the rotor speed, due to created
whirl, the amount of static hold-up will decrease. This result is in contrast with the results obtained for total
hold-up. In fact, total hold-up shows increment as rotor speed increases (Moris ef al., 1997; Mumford and Al-
Hemiri, 1974; Zhang et al., 1985; Borrell et al., 1974).

Figure 4 presents the results of the measured static hold-up versus mother drop size at different rotor
speeds for different positions of the RDC column. Regarding to these graphs, in a specific position of the
column, increasing in mother drop diameter would lead to increment in amount of static hold-up. Furthermore;
increasing of rotor speed would lead to decrement in static hold-up.

In addition, this is worth noting that, the measured amount of static hold-up (0.33-4.15%) is considerable
comparing to normal operating condition in which the dispersed phase hold-up is less than 20% (Ghalehchian
and Slater, 1999).

Proposed Correlations:

According to the experimental results, static hold-up for a specific position is a function of mother drop
diameter and rotor speed. Following correlations were proposed to predict static hold-up for each specified
position:

Position 4: ¢, , = 2.2 x 10° N + 0.25d + 9.8 x 10°
Position 3: ¢, ; = -1.88 x 10° N+ 0.364 + 9.1 x 10°
Position 2: ¢, , = -1.6 x 10° N+ 0.3984 + 7.3 x 10~
Position 1: ¢, , = -5.19 x 10° N+ 0.953d + 3.3 x 107
Position 0: @, , = -3.78 x 10° N+ 0.29d + 2.72 x 10°
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In these correlations N = rotor speed (1/min) and d = drop diameter (m).

In Table 3, absolute average relative errors (AARE) and standard deviations for proposed correlations are
presented.

Figure 5 presents calculated static hold-up by use of proposed correlations versus experimental values, for
different positions of the RDC.

Table 3: absolute average relative errors (AARE) and standard deviations for proposed correlations

Correlation absolute average relative errors standard deviations
Position 4 9.02 9.8
Position 3 4.76 4.38
Position 2 5.54 5.06
Position 1 8.56 5.49
Position 0 491 3.88
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Fig. 4: Static hold-up versus drop diameter at different rotor speeds, for different positions of the column
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Fig. 5: Calculated static hold-up versus experimental values, for different positions of the RDC column

Conclusions:

A RDC column with 28 compartments and 9.1cm inner diameter was used to investigate the effect of
mother drop diameter and rotor speed on local static hold-up. According to the results of 90 experiments by
use of water-toluene chemical system, by increasing the droplet diameter and decreasing the rotor speed, the
static hold-up will increase. Base on experimental measurements of static hold-up, five correlations were
proposed to estimate static hold-up in different positions of the RDC column.

The amount of static hold-up which was measured in this work was in the range of 0.33-4.15%. This
amount is comparable with total or dynamic hold-up of 20% which is considered as the normal operating
condition and should not be ignored. In fact, neglecting static hold-up could reduce the accuracy in the column
design.

It worth noting that, the column geometry, the continuous phase flow rate, presence of solute in one of
the phases as well as physical properties have important effects on local static hold-up and should not be
disregarded. The effect of physical properties on local static hold-up has been considered in another work
(Molavi et al., 2009).
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Nomenclature and Greek symbols

N Rotor speed (rpm)
U, Viscosity of continuous phase (Pa.s)
Ly Viscosity of dispersed phase (Pa.s)
Pe Density of continuous phase (kg/m?)
Pu Density of dispersed phase (kg/m?)
y Interfacial tension (N/m)
o, Local static hold-up )

o, Local static hold-up of the position n ()
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