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Mass transfer behaviour of a new liquid-liquid rotating screen disc extractor
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The mass transfer behaviour of a rotating mesh disc contactor was studied by measuring the rate of mass transfer of
acetic acid extraction from toluene solution by water. Variables studied were geometry parameters of the screen disc
such as mesh number and wire diameter, rotation speed, physical properties of the solution, axial flow velocity and
effect of the number of closely packed screens per disc. For a single rotating screen disc contactor the rate of mass
transfer was expressed by the equation:
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For rotating multi-screen discs, the mass transfer coefficient decreases by increasing the number of closely packed
screens per disc. A comparison between the mass transfer behaviour of a rotating screen disc and a rotating solid disc
contactor (RDC) revealed that for a given set of conditions the rate of mass transfer at the rotating screen contactor is
higher than that of the rotating disc contactor by a factor of 13.8 — 28.4 depending on the operating conditions.
Mechanical power consumption measurements showed that the higher the power consumption, the higher the mass
transfer coefficient. Practical applications of the proposed extractor in fields such as pharmaceutical industry,

hydrometallurgy, petroleum industry and water treatment were noted.
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1. INTRODUCTION

Rotary agitated extraction columns such as the
rotating disc contactor (RDC) are more efficient
and possess better operational flexibility than
conventional sieve plate, packed and spray
columns; these advantages have led to the wide use
of the RDC in the petroleum industry for furfural
and sulfur dioxide extraction, propane deasphalting,
solfolane extraction and caprolactum purification
[1]. Since its invention by Reman [1, 2] in 1955, a
lot of work has been done on various design and
operational aspects of the RDC [1-12] such as

(i)-dispersed phase holdup along with drop size,
which is necessary to calculate the interfacial area
per unit volume; (ii)-slip velocity, which is required
to estimate the mass transfer coefficient; (iii)-rate of
mass transfer and axial dispersion coefficient
required to correct the plug flow design. Modified
versions of the RDC such as the asymmetric
rotating disc extractor (ARD) [13-15], the open
turbine rotating disc contactor (OTRDC) [16-19]
and the rotating perforated disc contactor (RPDC)
[20-26] have been developed. Wang er al. [21]
demonstrated the superior performance of the
modified rotating disc contactor over the traditional
RDC. On the other hand, other authors [20]
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endeavored to expand the application of the RDC in
extracting a variety of products such as cutinase
[22], bovine serum albumin [23, 24] and trypsin
[25]. Cavalcanti et al. [26] evaluated the
performance of a perforated rotating disc contactor
in extracting a-toxin from the fermented broth of
Clostridium perfringens Type A by an aqueous
two-phase system of polyethylene glycol-
phosphate salts.

The aim of the present work was to explore the
possibility of using rotating horizontal screen discs
instead of rotating solid flat discs to make
advantage of the high turbulence promoting ability
of the screen in order to enhance the rate of mass
transfer during extraction. To this end the rate of
mass transfer of extraction of acetic acid from
toluene (dispersed phase) by water (continuous
phase) was chosen, as it has been widely used by
different authors to evaluate the performance of
extraction equipments. Previous studies on the use
of screens to enhance the rate of mass transfer were
limited to liquid-solid mass transfer [27-29].

2. EXPERIMENTAL SETUP AND PROCEDURE
2.1. Experimental setup

The apparatus (Figure 1) used in the present
work consisted of a stainless steel cylindrical
column agitated by rotating horizontal screen discs
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Fig. 1. Experimental setup. 1 - Agitated column; 2 -
Rotating shaft; 3 - Rotating screen; 4 - Stator ring; 5 - Liquid
distributor; 6 - Variable speed motor; 7 - Light phase storage
tank; 8 - Heavy phase storage tank; 9 - Centrifugal pump; 10 -
Control valve.
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Fig. 2. Cross sectional view of the column

connected to a stainless steel shaft and driven by a
digital D.C. (5 hp) motor, two glass storage tanks
for both heavy phase (water) and light phase
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(toluene + acetic acid) and two stainless steel
centrifugal pumps for driving liquids through the
column. The stainless steel column has dimensions
of 15 cm diameter, 50 cm height and 1 mm wall
thickness. The column height was divided into four
compartments formed by a series of stator rings
connected to the column walls with rotating screens
centered in each compartment. The dimensions of
the column used in the present work conform to the
standard dimensions [30] usually employed in
designing extraction columns, column dimensions
are related to column diameter (dr) as follows:
Rotor screen diameter, dg:

dr = 0.5 (dr) &)
Stator ring opening, ds:
ds=0.67 (dr) 2)

Compartment height, Z.:
Z.=(0.12-0.5)(dr) (3)

Column geometry factor Gy

o-(Z) () ()] @

In the present study, Z. was equal to 0.5 dr.

Based on the above equations and on the typical
preferred ratios of various internal dimensions used
by other authors [31], the dimensions of the column
internals were selected for the rotating screen
extractor column used in the present work as
illustrated on Figure 2. The column was fitted with
two flanged ends. The stator rings were held in
position by welding to the inner column wall and
they were placed longitudinally along the inner
wall. The stator rings and the rotor screens were
made of stainless steel sheet of 2 mm thickness. A
stainless steel central shaft of 6 mm diameter
holding the rotating screens was mounted through
two holes to a guide connected to the lower and
upper flanges, and it passes through a copper knob
welded to the upper flange in order to support the
shaft and prevent vibration during the operation. In
addition, the nut was provided with a rubber gasket
to prevent solution leakage during rotation of the
shaft. The column end cover plates were provided
with the necessary pipe connections for the inlet
and outlet of the dispersed and continuous phase
solutions. Each phase was introduced into the
column through a distributor close to the first stator
ring from the respective column ends. The exit
pipes were flushed with the cover plates on the
inside of the column as shown in Figure 2. Each
flow circuit of both heavy and light phase consisted
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of a 20 L glass storage tank and an s hp copper
centrifugal pump which circulated the solution
between the agitated column and the storage tank.
The flow rates of both feed and solvent were
adjusted by means of a bypass line and a plastic
needle valve and were measured by collecting a
definite volume of the solution in a definite time
using a graduated cylinder and a stopwatch.

The system toluene — acetic acid — water was
chosen for this work not only for the availability of
materials, but for the availability of literature data
on the system and the method of analysis. Toluene

Table 1. Physical properties of the feed solutions used in
the present study at 25°C

Cx10° P px10> vx10° Dx10° g._ YU
mole/cm® g/em®  g/emss  cm¥s  cm/s D

0.1 0.861 0.56 0.6504 2.1 309
0.2 0.862 0.57 0.6613  2.06 320
0.3 0.863 0.58 0.6721  2.03 330
0.4 0.865 0.60 0.6936 1.96 354

was nitration grade with a boiling range of 106 —
110°C. Acetic acid was A.R. grade, and distilled
water was used as a solvent and in preparing all
solutions. 10 L of both feed (toluene — acetic acid
solution) and solvent (water) were used in each run.
The concentrations and the physical properties of
the different feed solutions are given in Table 1 at
25°C.

2.2. Procedure

At the start of each run, the column was first
filled with the heavy phase (water) and set at the
desired flow rate, and then the speed of the rotor
shaft was adjusted to the desired value, which
ranged from 350 rpm to 1250 rpm. The light phase
(toluene — acetic acid solution) was then introduced
at the bottom end of the column and the flow rate
was set at the desired value. Four different
concentrations of acetic acid in toluene were used:
0.1, 0.2, 0.3 and 0.4 M. The rate of transfer of
acetic acid from the organic to the aqueous phase
was followed by withdrawing samples of 5 cm’
from the aqueous phase (water) tank at 1 minute
intervals for analysis by titrating against 0.1 N fresh
sodium hydroxide solution using phenolphthalein
as indicator. In all experiments, extraction took
place from the toluene to the water and toluene was
the dispersed phase.

All experiments were carried out at 25 + 1°C.
Density and viscosity measurements of the
solutions were performed using a density bottle and
an Ostwald viscometer, respectively. Acetic acid
diffusivity in toluene was obtained from the
literature [32, 33] and was corrected for the change
in viscosity using the Stokes — Einstein correlation:

% = constant [g.cm.s K '] (5)

where: D is the diffusivity of acetic acid, (cm”/s), p
is the solution viscosity, (g/cm.s) and 7 is the
absolute temperature of the solution, (K)

Specifications of the screens used are shown in
Table 2 where the screen specific area was
calculated in terms of the wire diameter (d,,) and
mesh number (Ny,) using the method of Armour and
Connon [34] as shown below.

Let (a) be the total screen surface area per total

Table 2. Specification of the screens used in the present
study

Item  Screen geometry

1 Mesh number (hole/in.) 10 14 18 22

Wire diameter, d,, (cm) 0.071 0.049 0.04 0.035
Screen thickness (cm) 0.142 0.098 0.08 0.07
Specific area (cm*/cm®) 12.84217.936 23.14 28.433
Screen porosity, € 0.772 0.78 0.768 0.751

wn AW N

volume of one screen (cm’cm’), then the value of
(a) can be calculated from the equation:

a=nL N, (6)
1 2
where: L= |—+d,
(7)
dy = wire diameter, (cm)
Nn = mesh number (number of wires/cm)
The total screen area A4s is given by:
As=an v (8)

where: vy is the volume of a single screen, # is
the number of screens per array. In calculating the
volume of the screen, the thickness is taken as
twice the wire diameter (2d,). In addition, the
screen porosity can be calculated from the equation:

3 nLN.d,
4

In the present study five rotation speeds (350,
500, 750, 1000, 1250 r.p.m), screens of mesh
number (10, 14, 18, 22 wire/in) were used; the
number of closely packed screens per rotating disc
was (1, 2, 3, 4, 5, screens/array), the initial
concentrations of acetic acid in toluene were (0.1,
0.2, 0.3, 0.4 M) and five flow rates of the heavy
phase (water) (79, 146, 174, 205, and 237 cm/s )
were used. Mechanical power consumed in rotating
the screens was measured experimentally under
different conditions by means of a wattmeter. To
compare between the performance of the present
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rotating screen contactor (RSC) and the rotating
disc contactor (RDC), experiments were carried out
using a flat disc instead of a screen under different
conditions.

3. RESULTS AND DISCUSSION
3.1. Mass Transfer at a Rotating Single Screen:

The volumetric mass transfer coefficient (KA)
of the extraction of acetic acid from toluene with
water in a batch rotating single screen contactor
(Figure 1) was determined wunder different
conditions: different screen rotation speed (r.p.m),
different water flow rate (heavy continuous phase),
different initial acetic acid concentration in toluene
(light dispersed phase) and different mesh number
of the rotating screen using the equation:

_d_C:ﬁ(Ce_(j (10)
da V,
which upon integration yields:
In G -C = K4 ¢ (11)
C,-C V.

where: C,, C.and C are the initial, equilibrium and
current concentration of acetic acid in toluene,
(mol/cm3); K is the mass transfer coefficient,
(cm/s); Vs is the volume of toluene, (cm®) and 4 is
the area of mass transfer, (cm”). For simplicity,
equation 11 can be written as:

n&=C [ K, (12)
c,-c |7,

s

where: K'=KA4.

The volumetric mass transfer coefficient K’ was
calculated from the slope of the straight line

obtained by plotting 1, €~ Ce vs. time as shown in

Figure 3 under different operating conditions.
Figures 4 and 5 show that the volumetric mass
transfer coefficient increases with increasing the
screen rotation speed according to the equation:

K'=aN’ (13),
where a and b are constants according to figures 4
and 5; the value of constant b ranges from 0.25 to
0.3.

The increase in the volumetric mass transfer
coefficient with increasing screen rotational speed
may be ascribed to the increase in the degree of
turbulence generated by the rotating screen.

430

Ln (C-CI(CC)

o 1 2 3 a s 3 7 8 ° 10 1

Time (min)

Fig. 3. In [(C,-C.)/(C-C,)] vs. time for different speeds
of the rotating screen.
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Fig. 4. log K'vs. log N for different continuous phase
flow rates.

Turbulence is generated when the wires of the
rotating screen move through the solution because
of boundary layer separation in the wake of the
moving wires [35]. Turbulence is also generated
when the flowing solution penetrates the screen
[36, 37]. This turbulence enhances the rate of mass
transfer between the organic phase and the aqueous
phase via the following effects:

(i) Turbulence reduces the thickness (6) of both
organic phase and aqueous phase diffusion layers
around the drop with a consequent increase in the
mass transfer coefficient K = D/9.
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Initial concentration of acetic acid = 0.3 M
Water flow rate = 220 em’/s

Toluene flow rate = 300 cm’/s

Rotating screen mesh No.:

Logk', em’/sec

Log N, r.p.s

Fig. 5. log K'vs. log N for different rotating screen mesh
numbers.

(1)) The high shear stress arising from
turbulence leads to rapid breakup and coalescence
of the dispersed phase drops; the repeated
coalescence and re-dispersion of drops enhances
the rate of mass transfer through surface renewal
[38].

(iii) The high shear stress also exercises drag at
the interface between the drops and the continuous
phase, this induces internal circulation inside the
drops with a subsequent increase in the rate of mass
transfer [39]. Whether internal circulation occurs
depends on drop diameter and physical properties
of the system, internal circulation does not take
place when the drops become extremely small,
extremely small drops behave as rigid spheres [39].

(iv) Turbulence increases the interfacial mass
transfer area A by breaking large dispersed phase
drops to the equilibrium size drops according to the
equation:

4=

d (14)
where w = dispersed phase holdup, and d = drop
diameter.

The exponent (b) of equation 13 is less than the
value (0.5) predicted from the penetration theory
and the hydrodynamic boundary layer theory [38],
the present exponent (0.25-0.33) is consistent with
the value obtained for mass at stationary cylinders
in cross flow at low Re where the velocity exponent
ranges from 0.33 to 0.385 for 0.4< Re<40 (Re is
based here on screen wire diameter). This similarity

may underline the importance of the role played by
the wake formed behind the screen wires as they
rotate and are crossed by the axial flow [40]. The
value of the exponent is also in a fair agreement
with the value 0.358 obtained for the mass transfer
at horizontal screens in cross flow [41]. Zaki et al.
[42] who studied the mass transfer at horizontal
vibrating screens found that the mass transfer
coefficient increases with the 0.33 power of the
vibration velocity. The authors explained this result
based on similarity with mass transfer at cylinders
in cross flow in the low Re range.

Figure 5 shows that the overall mass transfer
coefficient increases by increasing the mesh
number of the rotating screens. This may be
explained as follows: (i) As the mesh number
increases, the number of turbulence promoting
wires increases with a consequent increase in the
degree of turbulence which enhances the rate of
mass transfer as mentioned before; (ii) as the screen
opening decreases with increasing mesh number,
jets of dispersed phase are formed through each
opening as the solution flows across the screen,
these jets interact and break down to give
turbulence. Finally, this turbulence decays with
distance away from the grid [36, 37]. The
turbulence generated downstream the screen
enhances the volumetric mass transfer coefficient
via reducing the diffusion layer thickness and
increasing the interfacial area (4) as mentioned
before.

Figure 4 shows that the volumetric mass transfer
coefficient increases by increasing the continuous
phase (water) flow rate, which may be ascribed to
the turbulence generated downstream of the
rotating screen as the axial solution passes through
the screen openings [36, 37]. The degree of
turbulence generated downstream of the screen
increases with increasing axial solution flow rate
with a consequent increase in the mass transfer
coefficient K and the interfacial area A4 as
mentioned before.

Figure 6 shows that the rate of mass transfer
increases by increasing initial solute (acetic acid)
concentration; this can be attributed to the
following: (i) As the mesh number increases, the
number of turbulence promoting wires increases
with a consequent increase in the degree of
turbulence which enhances the rate of mass transfer
as mentioned before; (ii) as the screen opening
decreases with increasing mesh number, jets of
dispersed phase are formed through each opening
as the solution flows across the screen, these jets
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interact and break down to give turbulence. Finally,
this turbulence decays with distance away from the
grid [36, 37]. The turbulence generated
downstream the screen enhances the volumetric
mass transfer coefficient via reducing the diffusion
layer thickness and increasing the interfacial area
(A) as mentioned before.

Figure 4 shows that the volumetric mass
transfer coefficient increases by increasing the
continuous phase (water) flow rate, which may be
ascribed to the turbulence generated downstream of
the rotating screen as the axial solution passes
through the screen openings [36, 37]. The degree of
turbulence generated downstream of the screen
increases with increasing axial solution flow rate
with a consequent increase in the mass transfer
coefficient K and the interfacial area A as
mentioned before.

Figure 6 shows that the rate of mass transfer
increases by increasing initial solute (acetic acid)
concentration; this can be attributed to the
following:

As a result of the varying microscopic
hydrodynamic conditions around dispersed phase

1.85
Water flow rate = 260 cm®/s
Toluene flow rate = 300 cm®/s
Rotating screen mesh No. = 18
Initial concentration of acetic acid:

€01 M
=02 M
A03M

X04M

3

Log k', em™/sec

0.65 0.75 0.85 0.95 1.05 115 1.25 1.35 1.45
Log N, r.p.s

Fig.6. Log K'vs. log N for different initial concentrations
of acetic acid.

drop, the rate of mass transfer of acetic acid from
the drop surface is not uniform all over the drop
surface. This leads to non-uniform concentration of
acetic acid at the drop surface. Accordingly, the
interfacial tension, which depends on solute
concentration, will not be uniform all over the drop
surface; surface tension will be high at locations
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with low acid concentration and low at locations
with high acid concentration. This surface tension
gradient gives rise to strong eruptions and
interfacial turbulence at the drop surface
(Marangoni effect) which enhances the rate of mass
transfer [39]. Zhang et al. [32] who studied the
extraction of acetic acid from water by toluene in a
simple cell found that the enhancing effect of a
surface tension driven flow increases with
increasing acetic acid concentration, which is
consistent with the present results.

3.2. Data Correlation

For the present case, dimensional analysis leads
to the correlation:

Sh=a Sc" Res” Rey” (15)

The volumetric mass transfer coefficient will be
used instead of the mass transfer coefficient, so a
modified Sherwood number S#,, will be used in the
form:

K!
Sh, = (16)
d.D
Rewriting Eq. (15) in the form:
Shyw = a Sc* Res® Rey" , (17)

Rep = 26067.7
n/d,, = 0.83
se

*300
=320
a330
®354

Log Sh.,

Log Re s

Fig. 7. log Shy, vs. log Re, for different Sc numbers.

following previous theoretical and experimental
studies in mass transfer, the exponent o was fixed at
0.33 [40]. Figures 7 and 8 show the effect of Res on
Sh,, at different Sc and different mesh number
respectively. The data fit the equation:

Shy = a; Res™” (18)
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Fig. 8. log Sh,, vs. log Re; for different screen mesh
numbers.
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Fig. 10. log Sh,, vs. log (r/dy) for different speeds of
rotating screen.

Figure 9 shows the effect of Rer on Sh, at
different rotation speeds, the data fit the equation:

Shw = a> Res™* (19)

For the screens used in the present work, an
extra dimensionless term which accounts for screen
geometry should be added to eq. 17.

Screen geometry was expressed in terms of
(rv/dy) [43] where 7y, is the hydraulic radius defined
as:

(20)

where: ¢ is the screen porosity, a is the specific
screen area (cm’cm’) and d,, is the screen wire
diameter. Figure 10 shows the effect of screen
geometry (rv/d,,) on Shy, at different rotation speeds,
the data fit the equation:

-1.38

39 4 41 42 43 44 45

Log Rey
Fig. 9. log Sh,, vs. log Reg for different speeds of
rotating screen.
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Accordingly, equation 17 becomes:

-1.38
— a 5" Rel* Re‘;‘m[;’“j (22)

w

Sh

m
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Fig. 11. Overall mass transfer correlation for the
extraction of acetic acid from toluene by water using a
rotating single screen contactor at different Sc numbers.

Figure 11 shows that the mass transfer data for
the transfer of the solute from the dispersed phase
to the continuous phase in a rotating single screen
extractor under the conditions: 309 < Sc < 354,
47304 < Res < 180176, 10026 < Rer < 30078 and
0.75 < ry/dy, < 0.92, fit the equation:

-1.38
Sh, =132.63 Sc*** Rel> Re§~3(3J (23)

w

with an average deviation of + 14%. The above
equation can be used in the design and operation of
a rotating screen liquid-liquid extractor.

3.3 Mass Transfer Rate at an Array of Closely
Packed Screen

Figures 12 and 13 show the mass transfer
behaviour of a rotating bed of closely packed
horizontal screens under different conditions. The
number of screens per bed ranged from 1 to 5. The
results show that the mass transfer coefficient
decreases below the value for a single screen with
increasing number of screens per bed. These results
agree with the finding of Sedahmed et al. [27] who
studied liquid-solid mass transfer at a rotating fixed
bed composed of closely packed screen discs. The
mass transfer coefficient decreased below the single
screen value increases slightly with increasing the
mesh number. The percentage decrease in the rate
of mass transfer ranges from 15.6 to 40.6% mainly
depending on the bed thickness and the mesh
number of the screen. The higher the mesh number
of the screen the higher is the percent reduction in
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Fig. 12: Volumetric mass transfer coefficient vs. speed
of rotating screen for different screen numbers per bed.
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15 Initial acetic acid concentration=0.3M
Water flow rate=220cm’/s
1 Toluene flow rate=300cm’/s
Screen rotation speeds= 750r.p.m
05 Mesh number:+20;m 18; & 14; #10
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Fig. 13. Volumetric mass transfer coefficient vs. number
of screens per array for different screen mesh numbers.

the mass transfer coefficient. The decrease in the
mass transfer coefficient may be attributed to eddy
damping by virtue of the friction between the
generated eddies and the wires of the screen matrix.

3.4 Power Consumption

In order to assist in the economic evaluation of the
performance of the present work, mechanical power
consumed in rotating the screens was measured
experimentally under different conditions by means
of a wattmeter.

Mechanical power was measured for rotating
closely packed arrays with a number of screens
ranging from 1 to 5 at different rotational speeds.
Figures 14 and 15 show the following results:

1. Power consumption increases with increasing
screen rotation speed for all mesh numbers.

2. Power consumption tends to increase with
increasing screen mesh number.
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Fig. 14. Mechanical power consumption vs. speed of
rotating screen for different rotating screen mesh
numbers.
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Fig. 15. Mechanical power consumption vs. speed of
rotating screen for different screen numbers per bed.

3. Power consumption decreases with increasing
the number of screens per array.

The results of power consumption and mass
transfer coefficient at a rotating screen are in
general consistent with the finding of Calderbank
and MooYoung [44] who found that the mass

transfer coefficient is proportional to power
consumption, i.e., the higher the power
consumption the higher the mass transfer

coefficient. Figure 16 shows that the rotating screen
of mesh number 10 is superior to screens with other
mesh numbers because it produces higher mass
transfer per unit power consumption.

3.5 Comparison between Rotating Screen
Contactor (RSC) and Rotating Disc Contactor
(RDC)

It would be of interest to compare the present mass
transfer data for rotating screens with that for
rotating flat discs. Figure 17 shows that the mass

31 Initial concentration of acetic acid = 0.3 M
Water flow rate =220 cm’/s
Toluene flow rate =300 cm’/s

59 | Rotating screen mesh number:

*10
014
Al8

28 X2

26 /
*
*

K'/P (ecm’/Watt.sec)
-
o

IS
o
x

2.1

0 200 400 600 800 1000 1200 1400
Speed of rotating screen (r.p.m)
Fig. 16. The ratio (K/P) vs. speed of rotating screen for
rotating screens of different mesh numbers.

transfer coefficients for rotating screens are higher
than those for rotating flat discs by an amount
ranging from 1379 to 2839% depending on the
rotation speed and mesh number of the screen. The
above observations can be explained as follows:
Both rotating solid discs and screen discs induce an
axial flow towards the rotating surface [27, 31].
When the axial flow reaches the solid disc surface it
turns to radial flow, but in case of rotating screens
part of the axial flow induced by screen rotation
turns to radial flow while the other part penetrates
the screen in axial direction along with the
superimposed net flow. Under such conditions,
turbulence can be generated behind the screen wires
because of boundary layer separation when the
upward moving stream crosses the screen. The
presence of eddies downstream of stationary
screens in cross flow was revealed by Bourne and
Lips [36] who studied the flow behaviour past
stationary screens. In addition, turbulence could be
also generated when the wires of the rotating screen
move through the solution because of boundary
layer separation in the wakes of the moving wires.
Eddy generation increases the mass transfer coeffi-
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Initial concentration of acetic acid= 0.2 M
Toluene flow rate= 300 cm’/s

Water flow rate= 220 em3/s

Screen mesh number:

10
=4
als

—

Log Sh

Log Re

Fig. 17. log Sh vs. log Res for a rotating flat disc
contactor and a rotating screen contactor with different
mesh numbers.

cient at rotating screens compared to rotating discs
where the radial flow at the disc surface is laminar
within the present range of Res (47304 < Reg <
180176)[45].

The superior mass transfer behaviour of a
rotating screen contactor compared to the rotating
disc contactor shows that the role played by the
turbulence generated in the rotating screen
contactor outweighs the high degree of axial mixing
which characterizes the highly porous screen
structure and which tends to reduce the rate of mass
transfer.

4. CONCLUSIONS

The present study revealed that the performance
of a screen disc extractor is superior to that of an
ordinary rotating disc extractor owing to the
turbulence promoting ability of rotating screens.
The dimensionless mass transfer equation obtained
in the present study can be used in the rational
design and operation of the suggested rotating
screen extractor. Further studies on different
solvent extraction systems are needed to confirm
the advantages of the present extractor compared to
the rotating disc extractor and to validate its mass
transfer behaviour under a wider range of operating
conditions.
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Nomenclature
A Mass transfer area (cm®)
As Total screen area (cm’)
a Total screen surface area per total volume

of one screen (cm?*/cm’)

C, C,C, Current concentration, equilibrium
concentration and initial acetic acid
concentration in toluene (mol/cm”)

D Diffusivity (cm’/s)

d Drop diameter (cm)

dr Rotor screen diameter (cm)

ds Stator ring opening (cm)

dr Column diameter (cm)

d, Wire diameter (cm)

Gy Column geometry factor

K Mass transfer coefficient (cm/s)

K Volumetric mass transfer coefficient
(cm’/s)

N Screen rotation speed (r.p.m)

Ny Mesh number (number of wires/cm)

n Number of screens per array

T Absolute temperature of the solution (K)
V Continuous phase velocity (cm/s)

Vs Volume of toluene (cm?)
Z, Compartment height (cm)

Dimensionless terms

Rer Reynolds number of continuous phase flow
(pc Vdr/ P-C)

Res Reynolds number of the rotating screen
disc (pg @ dr*/ po)

Sc Schmidt number of dispersed phase (jq/ pq
D)

Sh Sherwood number (K dgr/D)

Shy  Modified Sherwood number (K /dg D)

Vs Volume of single screen (cm”)
Greek symbols

o, B,y Constants
1 Diffusion layer thickness (cm)
€ Screen porosity

Viscosity of the solution (g.cm/s)
Ue Viscosity of continuous phase (g.cm/s)
Ud Viscosity of dispersed phase (g.cm/s)
) Kinematic viscosity (cm?/s)
p Solution density (g/cm’)

Pa Density of dispersed phase (g/cm’)
Density of continuous phase (g/cm’)
Dispersed phase hold-up

Screen rotational speed (rps)

SIS
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MACOOBMEHHHU XAPAKTEPUCTHUKHN HA HOB EKCTPAKTOP TEHHOCT-TEYHOCT C
BBPTAIIU CE JUCKOBE

A. C. llexara, A. X. Emmasmu’, A. A. 3aaryr, I'. X. Cenaxmen

Kamedpa no unsicenepna xumus, @axyimem no undiceHepcmaso, Anekcanopuiicku yHugepcumem,
Anexcanopus, Ecunem

IMocTenuna Ha 5 maid, 2010 r.; npepadoteHa Ha 3 stHyapu, 2011

(Pestome)

MacooOMeHHUTE XapaKTEePUCTUKH Ha KOHTAKTOP C BBPTAIIM CE MPEXKECTH IHUCKOBE Ca HM3CIEABAHM upe3
n3MepBaHe Ha CKOPOCTTa Ha MAcONPEHOC Ha OIeTHAa KHCEeNMHA OT Pa3TBOP Ha TONYod BBB Boga. M3cienpanure
IIPOMEHJIUBY Ca F€OMETPUYHU MapaMeTpH Ha JHUCKOBETE KaTo OpOi Ha OTBOpUTE M JUAMETHP Ha TENTa, CKOPOCT Ha
BbpPTEHE, (DU3MYHU CBOMCTBAa HA Pa3TBOpA, aKCHUAIHA CKOPOCT Ha MOTOKa U e(eKT Ha Opos Ha HapeIeHUTE B MAKET
MPEXKH, CbCTABAIIM €IUH AUCK. 32 KOHTAKTOp C €IMHUYEH BBPTAI CE MPEKECT AUCK CKOPOCTTa Ha MAacCOIPEHOC ce
omnpeJesnst 4pe3 ypaBHEHHETO:

-1.38
Sh, =132.63 8" Re ">’ Reg3(;4j

3a BBPTSNIM C€ AUCKOBE, CHCTABEHW OT HSIKOJIKO MPEKH, KOSDUIMEHTHT Ha MACONPEHOC HaMaisiBa C
yBeJIMYaBaHE Ha OpOs Ha MPEXKUTE B MAKET, ChCTABSIIM JUCKa. ENHO cpaBHEHHE Ha MOBEICHUETO 1O OTHOLICHUE Ha
MacooOMeHa Ha BBPTALL C€ MPEKECT JAMCK U BbPTsALL ce KoHTakTop ¢ rurbTeH auck (KIIM), mokassa, ue npu naneHu
YCJIOBHSI, CKOPOCTTa Ha MAacCONPEHOC IPH BBPTAIL CE MPEXKECT AUCK € M0-BUCOKA OT Ta3M Ha KOHTAKTOp C BBPTAIL Ce
IUTBTEH JUCK ¢ (aktop or 13.8 - 28.4, B 3aBUCHMOCT OT YCIIOBHsATa Ha paboTa. M3MepBaHUs Ha KOHCYMAalHUsATa Ha
MeXaHWYHa CeHepTusi MOKa3BaT IO-BUCOK KOS(HIHMEHT Ha MAacONpPEeHOC, NMPU I0-BUCOKAa KOHCYMAIlMsl Ha EHEprus.
Ot6ensi3aHd ca TPAKTHYECKH TPUWIOKEHUS Ha NPEIUIOKEHHS EeKCTPaKTop B 00JacTd Karo ¢apMmaleBTHYHATA
MIPOMHUIIJICHOCT, XUJIPOMETAIypris, IeTPoIHATa HHAYCTpUS 1 00paboTKa Ha BOJa.
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