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ABSTRACT

Knowledge of droplet behavior is one of the most important criteria for determination of mass transfer
kinetics for choosing the type of liquid-liquid extraction columns. Mean drop size data of dispersed
phase droplets in continuous phase were obtained for various rotary agitated liquid-liquid extraction
columns. The effects of operational variables such as rotor speed and dispersed and continuous phase
velocities were investigated. In addition, the effect of mass transfer direction was studied on the Sauter
mean drop diameter. The Sauter mean drop diameter was influenced mainly by mass transfer direction
and agitation speed. In this research work, previous experimental works in agitated extraction columns
(RDC, ARDC, PRDC, Scheibel, Oldshue-Rushton and Kihni columns) are reviewed. Calculations
with the literature correlations cannot predict experimental data, thus unified correlations considering
the physical properties, operating conditions and geometric parameters were provided to predict the
mean drop size (dsz). The results of the proposed correlation were compared with the experimental data
obtained from the literature and the present investigation. This correlation covers several physical
systems for various rotary agitated extractors. Findings of this study demonstrated that the proposed
correlation leads to an accurate prediction for the Sauter mean drop diameter in rotary extraction

columns.

doi: 10.5829/idosi.ije.2016.29.08b.03

1. INTRODUCTION

Liquid-liquid extraction is a process in which a
particular solute is removed from a liquid phase by
another immiscible liquid phase [1, 2]. The extraction of
natural products from plants, purification in biodiesel
production and other green chemistry technologies use
the solvent extraction process for product cleaning and
selective separation of products [3-5].

In the industry, a great variety of different equipment
designs is used in extraction processes. Mixing in these
columns generates a large interfacial area with efficient
mass transfer of the desired solute between the two
immiscible liquids [6]. The rotating disc contactor
(RDC) consists of a number of compartments formed by
a series of stator rings, with a rotating disk centered in
each compartment and supported by a common rotating
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shaft [7, 8]. A modification of this design is the
asymmetrical rotating disc contactor (ARDC). The
asymmetrical stator consists of trays and baffles to
divide the column into extraction zones and linked
transfer zones. The extraction zone is limited by the
stator partition and is separated by the trays into
chambers. Phase transport and separation takes place in
the settling zone behind the partition [7, 9, 10]. The
other modification of the RDC column was investigated
using sieve discs in the column. The effect of
perforation in these columns leads to a better
performance and better liquid—liquid dispersion in
comparison with RDC columns [11]. The Scheibel
column extractor consists of a vertical shell divided into
a number of compartments by annular partition discs. A
set of double bladed paddle or turbine impellers was
used as a central agitator shaft [12, 13]. The Oldshue-
Rushton column consists of a number of compartments
separated by horizontal stator-ring baffles, each fitted
with vertical baffles and turbine type impeller mounted
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on a central shaft. The Kihni column is also similar to
the Scheibel column, but does not contain any packing.
The principal features of the column are the use of a
shrouded turbine impeller to promote radial discharge
within the compartments [14, 15]. Knowledge of droplet
behavior is one of the most important criteria for
determination of mass transfer kinetics for choosing the
type of extraction equipment. In addition, viscosity and
surface tension are the criteria for the agitation energy
needed to disperse a phase and these parameters have
main effect on the droplet size in agitation extraction
columns [16]. A number of correlations have been
proposed to predict the mean drop size in liquid-liquid
extraction columns using different columns and
systems. Kumar and Hartland suggested two
correlations for low and high rotor speed for RDC
column [17]. A unified correlation for prediction of the
drop size in mechanically agitated columns, namely
Kihni, rotating disc, asymmetric rotating disc and
Wirtz-1l was reported by Kumar and Hartland [18].
Different correlations for Sauter mean drop diameter are
shown in Table 1. However, no reliable equation for the
prediction of drop diameter in all agitated contactors has
been proposed so far.

The aim of this research work is to acquire a
sufficient understanding of drop behavior in rotary
agitated columns in order to obtain basic data required
for design of extraction columns.

Drop size in two rotary agitated columns (Oldshue-
Rushton and Kihni columns) has been studied by
changing the operating parameters such as disperse and
continuous phase flow rates and agitation speed. The
results are discussed and compared with the predicted
values from several available data and correlations in
the literature for rotary agitated columns. Finally, two
correlations are proposed for prediction of Sauter mean
drop diameter with the experimental data from Oldshue-
Rushton and Kihni columns and other experimental
data in the literature.

2. EXPERIMENTAL

2. 1. Experimental Materials Studied systems
were n-butanol-water, n-butyl acetate—water and
toluene—water in the experiments without mass transfer.
Two systems involving toluene-acetone (3.5%)-water
and n-butyl acetate—acetone (3.5%)-water were used in
the experiments with two directions of mass transfer.
The data analysis was divided into three cases: no solute
transfer; solute transfer from the continuous (c) to the
dispersed (d) phase, and solute transfer from the (d) to
the (c) phase. These liquid—liquid systems have been
recommended by the European Federation of Chemical
Engineering as official test systems for investigation of
extraction. Distilled water was used as the continuous
phase and technical grade of toluene; n-butyl acetate

and n-butanol were used as the dispersed phase. The
physical properties of the chemical systems are given in
Table 2.

TABLE 1. Unified correlations for prediction of the drop size
in mechanically agitated columns

Equation Column
type
Tsouris et al., 1990 [19] (1)_0 . Oldshue-
@790 7[&)70.13 ViZdRPm ‘ Vik o4 —0.31 Rushton
v \H p vi) ¢ column
Moreira et al., 2005 [20] 2)
d3p=1.858+13631Qq —0.676h% +27.36(Qyh)*% —0.0667(Nh) s8 RDC
h+10%Qq column
Al-Rahawi et al., 2008 [21]  (3)
05 08 0.15 RDC
dso :0.705[L] On(Qe/Qe column
o) NOIBSQ, QL
Oliveiraetal., 2008 [22] (4) Kihni
thni
d3p =(5.43+0.35)— (1.38:+£0.22)Ng +[(0.57+0.15)- (0.1 0.02)E]Q:Ng column
Kadam et al., 2009 [10]  (5)
p 045 0.07 ARDC
d32:0.194[V] a°-77(pcyc)*°-3[”—dj column
Y7

Yuanetal,, 2012 [23]  (6)

0.09 -0.63 .
0.25, —2.4 2 0.46
da2 _oeql [#c ] (Ap] ND§ pd [ - ] Scheibel
Dy NDg 4 Pd Hd NDp g column

Yuanetal, 2014 [24] (7)

g 0.26 033, 135
232 _465 Qfd?’ [LCJ [i] we 079 Re>2500
Dy ND; Hd £d

Scheibel
column
0151 001 ~0371
932 _ 403 Q0 [ij [AiJ Re-005We 0714 g<Re <2500
Dy NDS Hd Pd
Hemmati et al., 2015 [25] (8)
0.3 0.09 04 PRDC
4,4 4
dg, 10 N_dRrAc /‘cg3 [M\LCJ column
og Apo Vd

TABLE 2. Physical properties of systems studied at 20 °C
[26].

Physical Toluene- n-Butyl n-Butanol-
property Water acetate- Water
Water

pe [ka/m?)] 998.2 997.6 985.6

pa [kg/m?] 865.2 880.9 846.0

K [mPa.s] 0.963 1.027 1.426

ua [mPa.s] 0.854 0.734 3.364
y[mN/m] 36 14.1 1.75
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2. 2. Experimental Pilot Plant Setup The
schematic diagram of the Kihni and Oldshue-Rushton
contactors used in the present study is depicted in
Figure 1. The Kihni contactor consists of glass section,
700 mm in length and with an inside diameter of 113
mm, at 10 stages. Agitation at each stage is achieved
with 50 mm diameter shrouded six-blade turbine
agitator with an accurate speed control. The Oldshue-
Rushton column is built of a cylindrical glass section
and is equipped with impellers with accurate speed
control, whereas the internal parts are constructed of
stainless steel. The main section is made of Pyrex glass
with 113 mm internal diameter and the height of the
column with nine stages is 700 mm. Mixing is obtained
by nine 6-blade impellers of 50 mm diameter located at
the center of each stage and these impellers are driven
by an electric motor via a variable gear box. In the two
columns, the organic phase (dispersed phase) and water
(continuous phase) were fed into the extraction column
at the bottom and on the top respectively in counter-
current mode. The inlet and outlet of the extraction
column were connected to four tanks, each of 85 L
capacity.

2. 3. Drop Size Measurement The drop size was
measured by means of a very high-resolution Nikon
D5000 digital camera used to take a digital photo of the
extractor contents. Next, droplet dimensions were
compared with the thickness of the stators as a
reference. The four different heights of active column
were selected to determine the size of the droplets. A
minimum of 1000 drops was analyzed with the digital
image analysis software for each experimental condition
in order to guarantee the statistical significance of the
determined size distributions. The Sauter mean diameter
was then calculated according to the following equation:

N
Znidi3
dgp =1L C)

N
> nid?
)

where n; is the number of droplets of mean diameter d;
within a narrow size range i.

3. RESULTS AND DISCUSSION

In this research work, the effects of operating variables
such as continuous and dispersed phase velocities, rotor
speed and mass transfer direction on the Sauter mean
drop diameter in the Oldshue-Rushton and Kihni
columns are evaluated.The pictures of drop sizes in both
columns are shown in Figure 2.

3. 1. Effect of Rotor Speed on Sauter Mean Drop
Size in Two Agitated Columns The experimental

results for Sauter mean drop size in two columns with
rotor speed are shown in Figure 3. It is observed that the
agitation rate is increased, the average drop size
significantly decreases. The rotor speed had a strong
effect on the Sauter mean drop diameter. The
explanation for this effect is related to the increment in
the frequency of drop collisions against the internal
parts of the column extractor in more turbulent fluid
flow in their ascending path inside the equipment.

ORC Column Kuhni Column

Parameter Kuhni Column | ORC Column
Column Height (H) 700 mm 700 mm
Internal Diameter (D) 113 mm 113 mm

Compartment Height (h,) 58.5 mm 67 mm
Diameter of the impeller - 50 mm
Shrouded six-bladed turbine diameter 50 mm -
fractional free area 0.212 0.29

Figure 1. Schematic diagram of the Oldshue-Rushton and
Kuhni column extractors.

3

Figure 2. Variation of drop sizes in (a) Oldshue-Rushton
column extractor and (b) Kuhni column for toluene-water
water at N=135 rpm, V4=V.=0.66 mm/s.
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An increase in the energy supplied via agitation to the
dispersed phase overcomes the interfacial forces of the
droplets and, therefore, the droplets break.

From the results presented in Figure 3, it was
observed that smaller drops were generated from the
low interfacial system (n-butanol-water) rather than
medium or higher interfacial system (n-butyl acetate-
water or toluene-water).

3. 2. Effect of Dispersed Phase Velocities on
Sauter Mean Drop Size in Two Agitated Columns
The effects of the dispersed phase velocities on the
Sauter mean drop diameter were tested, which is shown
in Figure 4. According to this figure, increasing
dispersed phase velocity leads to an increase in the
mean drop size, however, it is changed slightly at low
interfacial tension. This observation relates to the
increasing drop collisions with the acceleration of the
dispersed phase velocity and consequently the
coalescence frequency among the drops is increased.

3. 3. Effect of Continuous Phase Velocities on
Sauter Mean Drop Size in Two Agitated Columns
Sauter mean drop diameter is plotted as a function of
continuous phase velocities in Figure 5.

* Loluene-water (Do mass transier)

O Toluenel-acetone-water (d to ¢ transfer)
AToluene-acetone-water (c to d transfer)

3 4 On-Butylacetate-water (no mass transfer)
@n-Butyl acetate-acetone-water (d to ¢ transfer)
An-Butanol-water (no mass transfer)

ORC Column

d32 (mm)
3

50 75 100 125 150 175 200 225 250
N (rpm)

#Toluene-water (no mass transfer)
OToluenel-acetone-water (d to ¢ transfer)
AToluene-acetone-water (c to d transfer)

34 On-Butyl acetate-water (no mass transfer)
®n-Butyl acetate-acetone-water (d to ¢ transfer)
An-Butanol-water (no mass transfer)

0.5 T T T T T T T
50 75 100 125 150 175 200 225 250

N (rpm)

Kuhni Column

d32 (mm)

Figure 3. Effect of rotor speed on Sauter mean drop diameter
in Oldshue-Rushton and Kiihni columns (V.=V4=0.66 mm/s).
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Figure 4. Effect of dispersed phase velocity on Sauter mean
drop diameter in Oldshue-Rushton and Kiihni columns for (a)
toluene-water, (b) n-butyl acetate-water, (c) n-butanol-water
(V=0.66 mm/s).

It is observed that the variations in the mean drop
diameter with increasing continuous phase velocity are
insignificant. Thus, the figure reveals that this effect has
a negligible effect on the mean drop size.

3. 4. Effect of Direction Mass Transfer on Sauter
Mean Drop Size in Two Agitated Columns The
effect of mass transfer direction on mean drop sizes
with phase velocities and rotor speed in Oldshue-
Rushton column is shown in Table 3.
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-0-ORC Column (N=135 rpm)

-&-ORC Column (N=175 rpm) (a)
-O-ORC Column (N=215 rpm)

3 | -®-Kuhni Column (N=135 rpm)

~—%*-Kuhni Column (N=175 rpm)

~0~Kuhni Column (N=215 rpm)

0.2 0.4 0.6 0.8 1 1.2
Ve (mm/s)

-0-ORC Column (N=95 rpm) b
-&-ORC Column (N=135 rpm) (b)
-0-ORC Column (N=175 rpm)

2.5 4 ~®Kuhni Column (N=95 rpm)

~¥-Kuhni Column (N=135 rpm)

—0-Kuhni Column (N=175 rpm)

d32 (mm)

1.5 1

0.5

0.2 0.4 0.6 0.8 1 1.2
Ve (mm/s)

-U-ORC Column (N=95 rpm) ©
-&-ORC Column (N=115 rpm)
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1 4 -®Kuhni Column (N=95 rpm)

—*-Kuhni Column (N=115 rpm)

~0-Kuhni Column (N=135 rpm)

0.9 1

d32 (mm)

0.8 4

0.7 4

0.6
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Ve (mm/s)

Figure 5. Effect of continuous phase velocity on Sauter mean
drop diameter in Oldshue-Rushton and Kiihni columns for (a)
toluene-water, (b) n-butyl acetate-water, (c) n-butanol-water
(V¢=0.66 mm/s).

The presence of a solute leads to lower interfacial
tension between the two immiscible liquids. The smaller
drop sizes are observed due to the higher breakage rates
for the mass transfer occurring from the continuous to
the dispersed phase (c to d). For mass transfer in the
opposite direction (d to c), the larger drops are created
by the coalescence rate.

When mass transfer occurs from the dispersed to
continuous phase, the concentration in the liquid film
between the drops is equilibrated rapidly with the drop
concentration. The solute concentration in the draining

film between the two approaching drops will be higher
than in the surrounding continuous liquid. This
phenomenon creates interfacial tension gradients which
in turn causes interfacial flow. The enhanced mobility
of the interface squeezes the continuous phase film
between the drops rapidly and, therefore, the drop
coalescence rate is increased.

TABLE 3. Effect of mass transfer direction on Sauter mean
drop diameter in Oldshue-Rushton column for toluene-
acetone-water system.

ctod no mass dtoc

Va Ve rem transfer transfer transfer
0.6648 0.4986 155 2.21 2.27 2.32
0.6648 0.6648 155 2.24 2.29 2.34
0.6648 0.8309 155 2.22 2.25 231
0.6648 0.9971 155 2.23 2.26 2.33
0.6648 0.4986 195 1.42 1.49 1.55
0.6648 0.6648 195 143 1.47 1.52

o 0.6648 0.8309 195 1.40 1.48 1.53
§ 0.6648 0.9971 195 141 151 154
5 0.4986 0.6648 155 211 2.16 2.19
2 06648 06648 155 2.24 2.29 2.34
= 0.8309 0.6648 155 2.33 2.36 241
2 0.9971 0.6648 155 241 2.45 2.52
2 0.4986 0.6648 195 1.36 1.40 1.46
3 06648 06648 195 143 1.47 152
0.8309 0.6648 195 1.47 1.53 1.58
0.9971 0.6648 195 1.55 1.65 1.69
0.6648 0.6648 135 2.49 2.52 2.59
0.6648 0.6648 155 2.24 2.29 2.34
0.6648 0.6648 175 1.85 1.9 1.95
0.6648 0.6648 195 143 1.47 1.52
0.6648 0.6648 215 131 1.36 1.41
0.6648 0.6648 235 1.03 1.11 1.18
ctod no mass dtoc

Vo Ve rpm transfer  transfer  transfer
0.6648 0.4986 155 2.18 221 2.28
0.6648 0.6648 155 2.19 2.25 231
0.6648 0.8309 155 2.17 2.24 2.29
0.6648 0.9971 155 2.16 223 2.30
0.6648 0.4986 195 1.34 1.38 1.46
0.6648 0.6648 195 1.37 1.41 1.47
0.6648 0.8309 195 1.35 1.42 1.48
0.6648 0.9971 195 1.34 1.39 1.49

z 0.4986 0.6648 155 2.070 2.110 2.140
s 0.6648 0.6648 155 2.190 2.250 2.310
8 0.8309 0.6648 155 2.260 2.310 2.390
§ 0.9971 0.6648 155 2.340 2.370 2.440

0.4986 0.6648 195 1.290 1.350 1.380
0.6648 0.6648 195 1.370 1.410 1.470
0.8309 0.6648 195 1.420 1.460 1.520
0.9971 0.6648 195 1.490 1.550 1.590

0.6648 0.6648 135 241 2.48 2.55
0.6648 0.6648 155 2.19 2.25 2.31
0.6648 0.6648 175 181 1.84 191
0.6648 0.6648 195 1.37 141 1.47
0.6648 0.6648 215 1.22 1.29 1.36
0.6648 0.6648 235 0.97 1.01 1.09
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3. 5. Comparison of the Experimental Results
with Previous Correlation The previous
correlations in Table 1 were selected for comparison
with the experimental data. The averaged absolute
values of the relative error (AARE) of the calculated
values of the Sauter mean drop diameter obtained by
applying previous correlations to the experimental
results are listed in Table 4. It is obvious from the
results that the previous correlations could not
accurately predict and fit the measured data.

3. 6. Prediction of New Correlations As can be
seen in Table 4, the amount of error is not acceptable for
prediction of experimental data in Oldshue-Rushton and
Kuhni columns. Therefore, a new correlation is
proposed for prediction of the Sauter mean drop
diameter in these columns. Also, the experimental data
on the other rotary agitated columns is used to improve
the accuracy of the correlation and generalized equation
for these columns.

All the independent variables may be rearranged in
terms of dimensionless groups to give a general form.
By using regression analysis, the following correlation
was obtained from experimental data and other
researchers [9, 10, 19, 20, 22-25, 27-32]:

0.07

019 005
Ndgd 4 0.98 001
d3z:c1{7‘*’” °} [ch } @+ Yeyore Vo (Al] (Lc] (10)

9o Apa Vg [JApg }025 Pe d

2
Pc

The effect of mass transfer on Sauter mean drop
diameter is shown by constant parameter (C;) in the
above equation. The values of this parameter for mass
transfer condition are presented in Table 5.

TABLE 4. The values of AARE in the predicted values of
Sauter mean drop diameter obtained by previous correlations

TABLE 5. The constants and AARE values of Equation (10)
and Equation (11)

Equation (10) Cy AARE%%
no mass transfer 5.7709 9.65
continuous to dispersed transfer (c—d) 7.1299 10.52
dispersed to continuous transfer (d—-c) 6.7009 9.80
Equation (11) C, AARE%
no mass transfer 0.06475 10.41
continuous to dispersed transfer (c—d) 0.07083 10.95
dispersed to continuous transfer (d—-c) 0.07104 9.45

Averaged absolute values of the relative

. error (AARE)
Equation -
Oldshue-Rushton Kuhni column

column

Tsouris et al., 1990, 0 23.2%

Equation (1) 24.6%

Moreira et al., 2005, o 261.0%

Equation (2) 266.6%

Al-Rahawi et al., 0 92.3%%

2008, Equation (3) 92.2%

Oliveira et al., 2008, o 107.5%

Equation (4) 109.9%

Kadam et al., 2009, 0 189.6%

Equation (5) 196.6%

Yuan etal., 2012, 0 109.7%

Equation (6) 110.3%

Yuan et al., 2012, 0 89.3%

Equation (7) 8L7%

i 0,
Hemmati et al., 2015, 65.3% 64.4%

Equation (8)

The comparison of the obtained results via the
experimental data reported by researchers in various
rotary agitated columns and experimental work in two
columns is shown in Figure 6. The correlation predicts
the results with an average error of 9.99%.

In the second correlation, the same variables are
considered as for the first correlation and the column
geometry term. This correlation is derived based on the
experimental results of the present work and the data
taken from other researchers [9, 10, 19, 20, 23-25, 28,
29, 31]:

-0.37

-0.21 -0.03
4,4 044
day = Cy| N9RPC ug 1 Ve, 061 _ Va hedr 11
32=C2 3 (Cevel 025 HD. (11)
go Apo d [aApg] . c
pe

The effect of mass transfer in this equation is shown
by constant parameter (C,) in the above equation. The
values of this parameter for mass transfer condition and
average absolute relative error are shown in Table 5.
Comparison of the experimental results with the
calculated values from the proposed correlation is
shown in Figure 7.

# Present Work-Oldshue Rushton Column

@ Present Work-Kuhni Column

A Tsouris et al., 1990- Oldshue-Rushton Column
5 4 OKentish et al., 1997-Kuhni Column s

=l + Moreira et al., 2005-RDC Column +.
- ® Oliveira et al., 2008- Kuhni Column .
< X Kadam et al., 2009-ARDC Column -
= 4 { XYuanetal, 2012 Scheibel Column Vo4
= © Yuan et al.,2014-Scheibel Column e
3 © Hemmati et al., 2015-PRDC Column" 5+
= ~w B x
O 34
~
-
£
=
824
~
~
-
=

14

0 T T T T T

0 1 2 3 4 5 6
d32 (mm) (Calculated)

Figure 6. Comparison between experimental data and the
estimated values using Equation (10) for no mass transfer
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# Present Work-Oldshue Rushton Column
8 Present Work-Kuhni Column
ATsouris et al., 1990- Oldshue-Rushton Column
5 9 + Moreira et al.,2005-RDC Column
X Kadam et al., 2009-ARDC Column ¥
X Yuan et al., 2012-Scheibel Column 3
4 A © Yuan et al.,2014-Scheibel Column P
¢ Hemmatiet al., 2015-PRDC Column .-~

e

d32 (mm) (Calculated)
~ w

(a)
0+ T T T T T
0 1 2 3 + 5 6
d32 (mm) (Calculated)
6
# Present Work-Oldshue Rushton Column
8 Present Work-Kuhni Column
5 o +Al-Aswad et al., 1985-RDC Column o+
-’é‘ © Amanabadi et al., 2009-RDC Column ++ +
=4 +#
-]
=2 s
= ¥
g3 4+t
B .
£ %
£ 2 g!?
~
N
L)
b &
1 ﬁ
(b)
0 ¥ T T T T T
0 1 2 3 4 5 6
d32 (mm) (Calculated)
4
# Present Work-Oldshue Rushton Column
3.5 - @ Present Work-Kuhni Column
” +Al-Aswad et al., 1985-RDC Column
= OGhalehchian and Slater, 1999-RDC Column
e 3] o
= + +
-— B -
_s 25 - g 3
G o oA
- No -
£ 0 (e}
£ 1.5 o ’.
™ )
0.5
(©
0 ¥ T T T T T T T
0 0.5 1 1.5 2 25 3 35 4
d32 (mm) (Calculated)

Figure 7. Comparison between experimental data and
estimated values using Equation (11) for (a) no mass transfer,
(b) d to ¢ transfer and (c) ¢ to d transfer.

The Sauter mean drop diameter predicted by the
proposed correlations is in good agreement with the
experimental results.The obtained results show that the
proposed equation can be used for prediction of Sauter
mean drop diameter of rotary agitated extraction
columns (RDC, ARDC, Scheibel, Oldshue-Rushton and
Kihni columns) for different physically equilibrated

systems and can be extended to the cases with mass
transfer.

4. CONCLUSION

An experimental study of the mean drop size
measurements in the two agitated columns (Oldshue-
Rushton and Kiihnicolumns) was carried out. It was
shown that the smaller drop size was produced by an
increase in the agitation speed in two columns. The drop
size could be increased with increasing dispersed phase
velocity, but the continuous phase velocity does not
have a significant effect. The Sauter mean drop
diameter, required for estimation of the interfacial area
of mass transfer is correlated with the knowledge of
phase flow rates, physical properties, agitation speed,
mass transfer conditions and also the column geometry
of rotary agitated columns in the present work and the
previous experimental works in the literature.

The proposed equations pave the way for accurate
predictions for the Sauter mean drop diameter in various
rotary agitated columns with different physical
properties. The present correlation is contrary to the
previous studies in which the ds, was estimated for only
one physical system such as toluene-water and for only
one extraction column, but this correlation covers
several physical systems for rotary agitated extractors.
Therefore, this correlation can be incorporated in the
design procedure for such contactors and this has been
successfully extrapolated to the design of larger
columns.
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