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Abstract—— Dispersed phase holdup was measured Kumar and Hartland, 1997; Pratt, 1988), that may be
in a liquid-liquid extraction column for the butyl  used as reference in studies of perforated platesnns
alcohol-water system. The column performance has With no mechanical shaking
been studied using two columns of the same diameter ~ This paper presents a study of the influence of op-
(0.092m) but different lengths (0.70m, three stages erational and geometrical parameters on the colsmn’
and 0.90m, four stages). The column was operated dispersed phase holdup. The influences of the disge
counter-currently with several continuous and dis- phase and continuous phase flow rates are analyzed.
persed flows rates. The dispersed phase holdup wasThe existence of flooding for the examined condgids
measured by the drainage method. Based on holdup evaluated according to Thornton (1956) model, amd a
data, the results were analyzed with the aim of de- empirical correlation is presented to estimate dise
termining the influence of flows rates and the col- persed phase holdup.
umn number of stages on the behavior of the dis- Il. METHODS

persed phase holdgp. An gmplncal correlation is The extraction column used in the present work con-
proposed for estimating the dispersed phase holdup. sisted of a glass tube with internal diameter 60@.m
Keywords——Hold-up, Extraction. and height varying from 0.70 to 0.90 m. The stages
| INTRODUCTION were separated by perforated plates with 14.32%eef

L . ) area (65 orifices with 5.5 x Ton of diameter).
Liquid-liquid extraction has been recognized asowp The experiments consisted in feeding the dispersed

erful separation method for many years. Its papli@®  yhase (n- butyl alcohol) at the bottom of the caiuim
tion on an industrial scale has been limited, h@well 5 ypwards countercurrent to the continuous phase
has been considered when separation by other ”‘Eth?ﬂ/ater) fed at the top of the column (Fig. 1). Trww
such as distillation, evaporation, or crystallizatiare oo of the phases were fixed and the dispersageph
unsuitable. As a result of escalating energy cistsid-  514yp was measured from the relative phase volume,
liquid extraction can be an economic alternativetteer  j¢q, arresting the inflow and outflow of phasesthie
separation processes. S column (drainage method). Table 1 lists the physico
The mass transfer between the flowing liquid phase$emical data of the systems used and Table 2risese

in an extraction column depends, among other factolhe range of variables investigated. The experiment
on the contact interfacial area between continuo were conducted at room temperature, 301LK.

dispersed phases. The interfacial area availablmé&ss

transfer in a counter-current extraction tower chejse lll. RESULTS AND DISCUSSION

upon the volume fraction or holdup, of the dispdrseFigures 2 and 3 present the typical variation ef dis-

phase, as well as on the mean droplet size. lieiefore persed phase holdup, for columns with three and fou

important, at the design stage, to be able to pretie stages, with a variation in the dispersed and nantis

dispersed liquid holdup for a given system, colugen Phase flow ratesBoth figures evidence that the dis-

ometry and set of operating conditions. persed phase holdup increases when the dispersseé ph
The performance of an extraction unit operated cohlOW rate increases.

tinuously depends on the amount of solvent present Taple 1: Physico-chemical properties of the systeed (n-

the extractor. If the amount of solvent is high pamed butyl alcohol — water)
to the feed, the solute mass transfer is favoremiga- propriety Phases
Giraldoet al, 2006). From an operational point of view, Dispersed Continuous
knowledge of the dispersed phase holdup is alseness p x 1G (kg/m.s) 2.3 1.0
tial for inventory purposes (Batey al., 1986). p x 10° (kg/n) 0.81 1.0

In a perforated plates extraction column the stage§ (N/rrf ) 2.46 7.82
are separated by fixed plates with a high number of Table 2: Range of variables investigated
small orifices in their surface. Given the greapor Variables Studied Operation Range
tance of properly estimating the holdup when design Length of column, L (m) 0.70 m (three stages) and
extraction equipments, many authors have published 0.90 m (four stages)

.. . 2 . .
empirical correlations for several types of column§eX 10 (m/s) 0.88; 1.95; 3.00 and 4.10

2 . .
(Baird and Shen, 1984; Kumar and Hartland, 198%3%&& g?éf;ges 0.29; 0'77’31'_22’ and1.74
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Figure 2 — Variation in dispersed phase holdup it con-
tinuous phase flow rate (N=3 stages)
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Figure 1 — Schematic diagram of the experimentaipse

Distinct effects of the continuous phase flow rate 0,16 Uc X 102 (mis) a
holdup were found for columns with three or fouagst :222 A
es. In columns with three stages (Fig. 2) a streffect 125 A $
of the continuous phase flow rate on the dispepbede 012 AL74 ‘
holdup is evident. In the four stage column (Fiptig 4
continuous phase flow rate has little influencesttos a 4
holdup. This shows that the column length determine %% B
the degree of influence of the continuous phase flo
rate on the holdup. vos
A. Flooding Study ’
The most important concept in understanding the-pri
ciple involved in the flooding in liquid-liquid esdction 0 : ; ‘
column is about slip velocity and characteristitoegy. 0.0 0.50 100 150 200
According to Godfrey and Slater (1991) the slipoedly Ud x 10% (m/s)
(or relative velocity) can be related to disperpé@dse Figure 3 — Variation in dispersed phase holdup wWih con-
holdup fraction through the following equation tinuous phase flow rate (N=4 stages)

Ugip = Y | Y (1)  Dell and Pratt (1951) introduced the idea of difer

1-9 ¢ tiating a velocity/holdup relationship to obtaimliting

whereu, andug are the superficial velocities of the con-values of superficial velocity, supposing that née
. . . maximum flow rates, small changes of one flow rate
tinuous and dispersed phases, respectively.

The validity and usefulness of this definition is-d with the other fixed will give a large increasegnThe

. . . equations describing this condition are:
termined by varying), anduy so that holdupp varies,
and finding an empirical function @pwhich uniquely (%J —o and (ﬂj =0 ®)
correlates the results in terms afj,. Gayler (1953) 09 )., o9 ),
proposed that for many different types of columns a Thornton (1956) argues that a fixed and a pro-

satisfactory correlating equation was gressive increase afy will result in a progressive in-
Ug o U _ u, (- @) @) crease of the holdug This may be .cle.arly seen in Fig-
p 1-¢ k ure 4 in which theug/u, velocity ratio is related to the

whereu, , the characteristic velocity, is the mean relagispersetqu Ii(f}}uidd'holdupqd.. Act;:or.dindg tﬁ Th%rnton
tive velocity of droplets extrapolated to zero floates (1956), the flooding point is obtained when theveur

(and hold-up) and can be identified with the temhin formed reaches a maximum, that(i, /a¢), =o (Fig.
velocity of a single drop in the equipment concetne  4),
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Figure 4 — Typical curve for estimating the floaglinoldup in
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Figure 5 — Experimental results represented asogep by
Thornton (1956) for diagnosing the flooding corwtis.

Frg = uﬁ/Dg and ratio of the column height to column

diameter. Following, with the use of the multivinia
linear interaction techinque, the dimensional gsoup
were grouped through the following expression:

o ODG{LJ—O,& u, D o, 073 u, D p, -0.20 Lg -002 (4)
D /'Id /'Ic D g

The correlation is able to estimate the experimenta
dispersed phase holdups with an average deviafion o
19,41% (Fig. 6).

IV. CONCLUSIONS
This work has shown that the dispersed phase holdup
tends to increase when the dispersed flow raten-is i
creased in a staged liquid-liquid extraction columihe
effect of the continuous phase flow rate dependthen
column length; for the 3 stage column it becomegline
gible.

The range of experimental flow rates examined,
leading to dispersed holdups below 0.20, did nathe
flooding conditions.

Besides analyzing the influences of several parame-
ters, an empirical correlation for estimating this-d
persed phase holdup in staged liquid-liquid exipact
columns is proposed.

NOMENCLATURE
L — Height of the column (m)
D — Inner diameter of the column (m)
g — Gravity acceleration (ffs)
U. — Continuougphase superficial velocity (m/s)
uy— Dispersed phase superficial velocity (m/s)
u.— Characteristic velocity (m/s)
N — Stages Number
Greek letters
@— Dispersed phase holdup fraction (%)
0.— Density of the continuous phase (k§/m

Figure 5 illustrates the values experimentally ob-

tained in the present study represented as propmged
Thornton (1956), for diagnosing the flooding condi-

tions.

One observes in Fig. 5 that the holdup characierist

of the flooding point was not reached for the floan-

0,2

’

.
& 26%
;
.

0,15 - & 3 stages

O 4 stages ,

ditions used. Dispersed and continuous phases flow J

rates examined in the present work define an dperat
range in the extraction column where the floodihg-p
nomenon does not occur, with a dispersed phase-rete
tion of less than 0.20.

B. Empirical correlation for dispersed phase holdup
fraction

From the experimental data obtained for the investi
gated liquid-liquid system by dimensionality theory
methods it was obtained a generalized relation &etw
the dispersed phase holdup fractigm,and the kine- °
matic and geometric factors which govern it: Regsol
Number for the dispersed phasegy = u, D o, /4,

Reynolds Number for the continuous phaf&e =

]
8 01
=3

0,05

0,1
@ exper.

u, D p./u. . Froude Number for the dispersed phasdispersed liquid holdups
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Figure 6 — Comparison between calculated and expertal
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04 — Density of the dispersed phase (Kj/m Godfrey,_ J.C. and_M._J. S_Iat_er, “Slip V_elocity Réedat
Ap — Difference between densities of the dispersed  Ships for Liquid-Liquid Extraction Columns,”
phase (kicr) Chemical Engineering Research and Design,
L — Viscosity of the continuous phase (kg/m.s) 693 130-141 (1991).

Kumar, A and S. Hartland, “Prediction of Dispersed
Phase Holdup in Pulsed Perforated-Plate Extrac-
tion Columns,”Chem. Eng. Proces3, 41-59,

Ly — Viscosity of the dispersed phase (kg/m.s)
O - Interfacial tension (N/R)
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