CHAPTER 6

MECHANISM OF MASS TRANSFER

Mass Transfer Model

Boey (1989) appu | (e narized the mechanism of mass

transfer in iquid m

Mechanis " . v 5 , .-: embrane systems have been
proposed in the li erz N rate of solute transfer and the
effect of operafing available on supported liquid
membrane is vast, . he emulsion liquid membrane, in the

main, is extended from B uid membranes:
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brane are well mixed, therefore mass
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path of the diffusing species through the inert support.
Various model have been proposed for emulsion liquid membranes. Many of

these models are adeveloped for Unfacilitated Transport, but are also equally



80

applicable for Facilitated Transport by assuming that the diffusion of the camier
complex across the membrane phase is rate limi ting.
The five models that have been developed so far will be briefly described as

follows

1. Uniform Flat Sheet

In this model, édmplels containing the stripping

reagenls are coalesc - o - . Membrane phase thickness is

assumed 0 be sC.g pbule diameter that the mass

‘e considered constant , i.e
#d thal the phases on either
side of the membrz#® - 1 el 2 A\ N°"™Worane phase itself is stagnant.

IIBuid membrane,

This mg -_..g Model but allows for the

o
L}

v, . a:i ~iels are also assumed 1o be

spherical gecme

coalesced into a si Ie well mixed dn:-plet but here a spherical membrane of finite
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3. Hﬂ Sphere-Acivanc'Eg Front Mnd
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no rnnr:rng is assumed within the internal droplel. As a consequence, the diffusing

Species Is removed first by the internal reagent adjacent to the membrane phase,

- and then has to penetrate further into the droplet as the reagent is consumed. Thus,
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a concentric reaction advances towards the center of the droplets as the stripping
reaction prograsses.
4. Immobilized Globule-Advancing Front Model.

This model is by far the most realistic in terms of geometry and configuration

of the emulsion globule. The inig ! 4 ' J) =, 2re allowed to retain their identity. The
model further assumes t ‘
a)There is no G -; ; -" o — ney are immobilized or fixed in
space. N
b) There is ™e membrane phase and the
internal phase.
This model § 3 Core Model”. The solute
diffuses through the 15 removed by an ireversible
chemical reaclion in the mta weaction front develops that advances

into the center g ALlpe outermost droplets is

‘ A d
consumed !f:_ —~ 1

5. Immobrhz ' allaw Sphencal Globuleﬂdvancmg Front Model.

This ﬂ ﬂﬂd}ﬁm w H"r]af]@al droplets are also

allowed to ret3h their shape and I‘el'llll}‘ A I‘url er assumption de is that a thin
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rasnslanca IS assigned to this layer



Literature on Proposed Model for Emulsion Liquid Membrane.
Over the past few years, while many papers have expernimentally
demonstrated the possibility of applying emulsion liquid membrane to separate

various species, only a few papers have dealt with the mathematical modeling of

such process,
Early attempts ai hs adopted the flat sheet model for
its simplicity. Cahn "S- 74 - ' ciIiIated transport of phencl in

emulsion liquid mogl® . 1. o rate was assumed to be

proportional to thallfo!: ' NN tween the internal and the

sphere model in which the

mass transfer resis vayerr [ N "™d to the peripheral shell of the
'y ._; , o ; l

emulsion globules and ka s J the extraction process to describe

phenol e:{tractin ;

Another i

Refcally complex model, is to

assume that the int%hal encapsulated droplets are i

obilized and homogeneously
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contributiond] accompanying sol #te diffusing and reacting in agemulsmn globule.
H°ﬂ RAGIATRURATAH AR e v
systa . They assumed that solute removed from the bulk phase diffused through the
globule to a reaction front, where it was removed instantaneously and irreversibly by
reaction with an internal reagent. The reaction front advances towards the center as

the reagent is consumed.




Teramoto et.al. (1983) have developed models which incorporated the more
realistic assumption of reaction equilibrium. In the reversible reaction model locating
the reaction front is unnecessary.

There has been more success with this model in explaining experimental

results, this basic model ha J Jied to account for poly dispersity of the
internal phase drople
Unfacilitated Transpol

Terramoto g model for the extraction of
tryptophan, phenyg  basis of immobilized hollow
spherical globule v 4 [l GF AN\ Whiiffusional processes in the

Wobules, as well as extraction

uilibrium, are con®d: o S ided W= the experimental results were

Mechanism of M V }

The objectine ol‘ this study concemmg the ™&chanism of mass transfer of

amino aclﬁ ﬂﬁ'ﬁ'ﬂmﬂﬂqﬁﬂ"‘" permeation rate by

simulation.

Q RAIN T AR TR U o o on
reahs ic model used lo represent emulsion liquid membrane system. Many
assumplions and unknown parameters are required in the model. Many experiments
have to be performed in order to get the values of parameters that can be applied in

any cerain condition The mechanism of mass transfer of amino acid in emulsion
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liquid membrane seems to be very complicated especially on the surface area of
mass transfer. It involves many small droplets of globules which sizes vary with
stirring conditions and it also very difficult to measure the diameter in order to get

accurate values._ Furthermore, dunng extraction the swelling and breakage of the

emulsion will occur. These ake the system more complicated. At

present, no model can r =¥ nism of mass transfer in emulsion

liquid membrane serv 02, the simplest model will be
proposed in this stz
The simpl AT A AR De™odel, as described above.

From the study ofg in chapter 4, the following

The schematic dia —_— = Bion mechanism of amino acid th ugh
g,f;gy : roug

a liquid membra g =4 is illustrated in figure 6-3.

!
7 )
Amino acid ion INede vafm the interface (x=0), where

L —

compiex formation beg,ween 12 moles mmc acid ion and 1 mole of dimeric

mﬂsus %m&m AN e s e
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after which the entire process is repeated Such a process is called "counter-
tﬁansporl" It is able to transport amino acid ion from a low concentration solution o

a high concentralion solution.
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The concentration profile across the permeation cell is schematically shown
in figure 64 It is assumed that linear concentration gradients exist throughout the
system. The resistance of hydrogen ion diffusion in both aqueous solutions and of

amino acid ion in the stripping solution are also assumed to be negligible.

In quasi-study state, pn rates of amino acid are involved the
following equation:

1. Permeation ,

(6.2)
................ (6.3)
2. Interfacial een feed phase
and membrane pha
b A
................ (6.4)
3 Permeatigi rate tJfl membrane phase

-

i

and st ppma-p ase

ﬂiJ&%ﬁﬂ?ﬁWEl’]ﬂ‘i "
q ROANIRLIMAANY 'LMJ -

and stripping phase.

Ra = ki [ANH Y- ke AERICZ e (6.6)



5. Permeation rate of amino acid in the stripping phase.

Jas = (Das) ([A"]-[A")s) S
&
Jas = (kas) ([A"] -[A")s) i (6,6)

where Ja z ) ﬁ b amino acid in the aqueous phase.

[AT] 4 A o W W\ cid/D2EHPA complex or

ine phase.

(HR) Lottt of D2EHPA in the membrane phase.

v Vs
| &8 A

5 - Thickness of the aquec™® film,

A utInENineang

Subscrrp!s f.ol gnd s refer to msmuns shown j lgure 6-4.
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J = Jdar = R = Jo= Ry = Jas

From equation (6.2) to (6.8), the following equation (6.8) permeation rate of

amino acid can be derived based on the assumption that all species have an equal



diffusivity in the membrane and D2EHPA carrier and the amino acid/D2EHPA

complex are soluble enly in the liquid membrane.
1012 - )10.12
[(HR)] ,:,[.ﬂ.*]f [(HR)] ,[A*]s

[+, = [v]
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[(HR)]” 4, [(HR)]® 3« (u)
et S b : ——
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If the membran g ' A ! N this case the permeation rate
of amino acid will by
4 ook _
k| (6-10)
Since
J = KEI T R L {5_1 1}

m e assumed o be zero.

L dF

¥
At the very =

ol o

Therefore, thE:ﬁltan will be:
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external pH on the permeation rate at the initial state of extraction,

From this simple model, it was found that the permeation rate of amino acid
is inversely proportional to the initial pH value of feed phase. The initial extraction

rate of amino acid at lower pH will be less than the initial extraction rate of amino
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acid at higher pH. This prediction is true in the real extraction. Therefore, the trend
from the influence of pH in the feed solution on the permeation rate can be oblained
from this simple permeation model.

The results of calculations of on initial permeation rate of 0.01 M L-lysine at

pH 2, 3. 4, 5, and 6 from the &g | ’ | v\"n and experimental data are summarized
in Table 6-1, The initial 0_ | Ifrrr‘} atpH 2, 3, 4, 5, and 6 which
were calculated fror s kjure 6-1. As shown in Figure 6-
2, Jxa is plotted ag e mass transfer area of liguid
membrane was 0-2 shows results from the
experimental datz#® o s ¥ S\ B\ igure 6-1. However, the results
from the experime y .l & oM the model equation, this both
in the intemal and exley, ; Al pther reason for this variation may
be from the experimental d _,,N or i‘itial rale conclude that the ini.tial
DErMEestion ratc i Jdhitial permeation rate tend
from the model " ..','f Ite I

|
L

Sample of Calculatrcni

= LB RUN T IAT im0

M L-lysine at various carrier corfentrations fums model equat®f and experimental
dal:%m M gﬂ jomﬂﬂ:nai pnﬂurn]rﬁ HID.; .mol/m* ) at

vanous concentrations of camer which were calculated from equation (6.12) are

expenmental data,

shown in Figure 6-3. As shown in Figure 6-4, Jxa is plotted against carrier

concentration. Figure 6-4 shows results from the experimental data which shows
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similar trend as in Figure 6-3. However, the prediction of initial permeation rate tend
from the model equation shows the similar result as from experimential data.
Example of Calculation

According to equation (6.12), the permeation rate at the initial state can be

calculated as follows:

1.Calculation of

AT e, | N ()
where NS i aminoacid =001 M
ino acid
K == A S R MR T ceeeeeeeeeeeas
: (b)
where K e gl 420t of amino acid, mol/dm®

ﬂ. oy 4

TNYINT
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From(a);: 001M = [A¥] + [AT)

From (c) and (d) ; [A%'] = 6.02x10° mol/dm®

Therefore, [AZ*] in the feed phase atpH 2.0 = 6.02 mol/m’
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2. Calculation of Membrane Thickness
In this experiment, 50 ml of internal phase and 50 ml of membrane phase
was emulsified to make the emulsion.

Based on the assumption that the initial phase is coalesced into a single

droplet with volume of 50 missk ’/ iter spherical droplet will be 100 mi in

volume, the thickness of% CUL alculated as follow:

a) Diamets

Volume of inney,

Qﬁ'ﬁﬁ:\‘lﬂ‘iﬂ&&l‘lﬂ'\?ﬂ&l’m&l

D,-D  oo0s76-00457

2 2

Membrane thickness (1)

59 x 10° m.



3) Calculation of Permeation rate from the Model Equation.

0 KexRIC 2 [a],

c (6-12)
t
[+],
Kex = 0.2047 x 10 this study)
(HR) = 0.310Gu— ?
—
(A%} at pH
H'o = 10
| =
De {mz.*s}
T assumed tok
310)%-12 (6.02) 2
J = mol/m*®.s
f:a,
AL
JiDc =

AU ININTNEINS
QMR TUUM TN

101
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Table 6-1 Calculated and Experimental Value of Initial Permeation Rate

of 0.01 M L-lysine at various pH.

pH Experimental Result Model Equation
J x a (mol/s) 47D {I‘I’!Gifﬁ‘lﬂ
2 00 0.0416
3 0.0808
4 0.1030
5 0.1044
6 0.1045
Table 6-2 Cicur & pof Initial Permeation Rate
c V Y ntration,
Carrier mncemra Model Equation
(%viv) ¢ o , J /! De (mol/m™)
5 . | . ) . W 7-I‘ : W ‘ # Y ] ‘
oL o .‘ - 00157
Y
5 | ¢ 00653
‘QW?’M ANNHMUBIINYN Y-
10 0.0934 0.0182

15 0.1376 0.0191
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Figure 6-1 J /D vs. pH (Model Equation)
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Figure 6-2 Jxa vs pH (Expenmental Result)
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Figure 6-3 J x D vs. Camier Concentration.
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J x almolim?-sec)
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Figure 6-4 J vs Camer Concentration

(Expenmental resuit)
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Globule of Emulsion

Reaclion Front Advancing into Globule

as Internal Reagent is consumed.
I

;{ / rmal-Phase Droplet Whose

: .
—_— o
O N 2nt has been consumed.
. A . ,

Re"hase Droplet

MEmo0ing Reagent.

Figure 6-5 Schema JiF  JF 4% nbule-Advancing Front Model.

= d Membrane Phase

internal Phase

Figure 6-6 Schematic Diagram of Immobilized Hollow Spherical Globule-

Advancing Front Model.
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(High pH) (Low pH)
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9  Figure 6-8 Schematic Concentration Profile of Amino Acid Permeation.
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