CHAPTER 6

MECHANISM OF MASS TRANSFER

Mass Transfer Model.

Boey (1989) and Ct 2 1990) summarized the mechanism
of mass transfer in liquid m “Ii iollows.

Mechanism of ss transfe G-tiquid membrane systems have
been proposed in the Ti{Cialure ta explain.and predict the rate of solute
transfer and the effect i i ters on this rate. The literature

ET d g ) u AlT]
available on supporied -_:f | Cms is vast. The mass
ﬁ..\w

transfer model of g lig id i the main, are extended
from the model of sugpos bra -! e following assumptions
are common to mos s_ poried lg d memb e odels:

1. the phasg§ of tl;ef sit & membrane are well mixed,
therefore mass transfer fesistance 2 , 11 b

2. the membring hgﬁi#"

3. the system ig'a @y :

4. the djﬂhsmu coefigie membrane phase are constant.

3. chem: interface.
In most cdses an " difiusivii ----1 Sed to account for the

tortuous path of -y-s-.,r.a ed ert support,
Various model ¢ been proposed for emulsion liquid

membrane. Many of these models arg,developed for Type I Transport,
o ﬂﬁmﬂmﬁmﬁ’m sl
assuming th ss the membrane
phase is rate limiting.

m&*ﬂ‘ﬁ @Wﬁqé}%@] § g $ll be briefly

1. Uniform Flat Sheet Model.

descri

In this model, all the internal phase droplets containing the
stripping reagents are coalesced into one large droplet. The membrane
phase thickness is assumed to be so small in comparison with the globule
diameter that the mass transfer area in the direction of solute transport
can be considered to be constant., i.e. planar geometry can be assumed.
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It is further assumed that the phases on either side of the membrane are
well mixed, while the membrane phase itself is stagnant. Thus the model
is similar to that of the supported liquid membrane (SLM).

2. Hollow Sphere Model.

This model is similar to the previous one but allows for the
spherical geometry of the systg Thus the internal droplets are also
assumed to be cna]esced\; ngle well mixed droplet, but here, a
spherical membrane of finite thicknésS<Lir6unds this droplet.

—

-+ -
3. Hollow Sg -;,g::f-’* /anting Frontivie adel.

This mode
except that , here;
consequence, the difi
adjacent to the me b ing
droplet as the reagent is'can
towards the center of he drt

Hollow Sphere model,
e \)‘\‘r e internal droplet. As a

d first by the internal reagent
s to penetrate further into the
Oncentric reaction advances
ing reaction progresses.

4. Immobilized Git Shile- Adva i “ ront Model.

lel is by slic, in terms of geometry
and configuration =g jbule. The¢ internal droplets are
allowed to retain ~their heterc id tlﬂ) The model further
assumes that

there? i nnnn cm;:u]at oplets , i.e. they are
mmnblhzedﬂ'lée ﬂ‘ﬂh}] %
at

there IS ocal chemical equilibrium between the

R Bt S o T AN . e

solute diffuses through the membrane phase whereupon it is remnved by
an irreversible chemical reaction in the internal droplets. A reaction front
develops that advances into the center of the globules as the reagent
within the outermost droplets is consumed.




5. Immobilized Hollow Spherical Globule-Advancing Front
Model.

This is similar to the above model in that the internal droplets
are also allowed to retain their shape and identity. A further assumption
made, is that a thin distinct layer of membrane phase fluid surrounds the
globule. A mass transfer resistance is assigned to this layer.

Literature on Proposed M\ H/ /iulsmn Liquid Membrane.

Over the past s ,yhl apers have experimentally
demnnstraled the po bility-of ap ion liquid membrane to

Early attemf af o real systems adopted the flat sheet
model for its simpligify #Oalin and L1 {1974) modeled Type 1 Facilitated

Transport of phen6l infemulsion Hquid mem in which the extraction
rate was assumed to'befpro nal to the solute concentration difference
between the internal afid fhe &xtemal pt

Matulevicius oposed a hollow sphere model in

1!.#-

which the mass transfer
peripheral shell of the eymfﬁbn |
extraction process {¢ describe ' 7

as assumed to be limited to the
ules and kept constant during the
ion by emulsion liquid

membrane. Similérmodel-were-adopted by et al. (1982).
Another - ed approa 10r¢ mathematically complex
model, is to e internal emcapsulated droplets are

immobilized and hemegeneously distributed in the: emulsion globule

e R U o1 =
solute diffu tio mul Ho et. al. (1982),

1983 and Stmeve"and ‘JaIM1 984 sﬁ' this approach to
analya

}%5 assumed that
solute 1emnv mn the bulk phase e globule to a

reaction front, where it was removed mstantaneuusly and irreversibly by
reaction with an internal reagent. The reaction front advances towards
the center as the reagent is consumed.

Kim et. al. (1983), assumed an additional thin outer liquid
membrane layer which contained no internal droplets. The advancing
front approach assumed that the reaction to be irreversible and the local
solute concentration did not affect the amount of reagent to react and, that
the reagent permanently traps reacted solute. It is incorrect in the real
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Figure 6.2 Schematic Diagram of Immobilized Hollow Spherical
Globule-Advancing Front Model.
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system.

Teramoto et. al. (1983) and Bunge and Noble (1984) 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 has been extended to account for
poly dispersity of the internal\phas¢ droplets (Lorbach and Hatton, 1988)
and reaction reversibility in I o ¥ Fagilitated Transport (Baird et. al.,
1987).

Recently, Yanet—al. (1 qped a model for Type I
Facilitated Transpo anerfulsion lig .\r’_-,r«- ane by taking into account

the mass transfer the emulsion globules and
reaction between t}, d the internal reagent. Datta
et. al. (1993) proposg ! ont model with drop-size
distribution for atéd Transport through an

emulsion liquid membrane 1 uto account the continuous
phase and outer liquidfimémbrane pha stances along with diffusion
through a composite € onHrops I puted results are found to be
in excellent agreementvitl fhe experimental data of Ho et. al. (1982).

basis of immobilized hollo: al_globulesadyancing front model, in

Fprocesses in the epls phase and in the w/o
emulsion glabules,gs ‘as extrac ilibria, are considered. They
concluded that the egcpgrimental res&ys were satisfactorily simulated by

reree TR ANYNINLINT

Mechanism Jf Mass Transfer of Aming.Acid. o/

IAAVANANNAE. . o

transfer of amino acid is to obtain the influence of external pH on the
permeation rate by simulation.

Even though the advancing front model seemed to be regarded as
the most realistic model used to represent emulsion liquid membrane
system. Many assumptions and also many 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 a certain condition.
The mechanism of mass transfer of amino acid in emulsion liquid
membrane seem to be very complicated especially on the surface area of
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membrane seem to be very complicated especially on the surface area of
mass transfer. It involved many small droplets of globules which varies
on the stirring condition and also very difficult to measure the diameter in
order to get the right value. Furthermore, during extraction the swelling
and breakage of emulsion will occur. These phenomena made the system
more complicated. At present, no model can really describe the
mechanism of mass transfer in emulsion liquid membrane without many
assumptions. Therefore the s' np odel will be proposed in this study.

mbrane phase thickness is
ule. The radius curvature

coalesced into one
assumed to be very_ si

can be neglected, thg be assumed. It is further
assumed that the p membrane are well mixed
while the membra the model is similar to
that of the supporte

From the stud ien of amino acids in chapter
4, the following eq

A*+2 (HR), (6.1)

The schematm dtagra‘mf qf meation mechanism of amino
aclds l.hmugh a IPA as a cation carrier

i gure Ami the feed solution diffuse
toward the interf: (x = 0), w . rmation between amino
acid ion and 2 mol€ of dimeric D2EHPA occurS. This complex AR(HR)3
then dlﬂilsemm rface x = |, where
amino acid p Eﬁqwgﬂiﬁg lution. This step

regenerates D2EHPA carn r which then diffuses back to the interface

AT A

concentration solution to a high - concentration solution.

The concentration profile across the permeation cell is
schematically shown in Figure 6.4. It is assumed that linear
concentration gradients exist through out 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-steady state, the permeation rates of amino acid are

involved the following equation;
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1. Permeation rate of amino acid in the feed phase.
Jasr = Dagp ([A%]e-[AY],)
5

Jag = (kA'f) (TATR-IAY) e (6.2)

2. Interfacial reactiom) srate at the interface between feed
phase and mem ‘“‘1”'
R1 = ki[A adsf(HR), ] ALl erimessanbusees (D)

3. Permeaiibn #a1€ Of amine mplex in the membrane
phase. \

nterface between membrane

HR), 1%
5. Pen'neaan rate of amino acid in them'ri ing phase.

P IR IHIaN 3
QW'] mn%ﬂﬂﬂﬁ"ﬂma g (6.6)

permeation rate of amino acid in the aqueous phase.
diffusivity of amino acids.

diffusivity of amino acid-D2EHPA complex.

cation of amino acid.

cibsssnscisi (65)

nowon

concentration of amino acid-D2EHPA complex or
AR.(HR)j; in the membrane phase.
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(HR), = dimeric form of D2EHPA in the membrane phase.
T = membrane constant.
1 =  thickness of the membrane.
) = thickness of the aqueous film.
k;,k.; = interfacial reaction rate constant.

subscripts f,o,1,s refer to positions shown in Figure 6.4

of amino acid cafl basdefivied od ‘.- ,- : 'sumptian that all species
ISy AT D2EHPA carrier and the
amino acid-D2EHPA cgmpléx are solu in the liquid membrane.

J = - s (DT
(R, +1{1 A
kﬁ,f[H"']n Ki [ X
If the membrane diffusi BSsumed in this case. The
permeation rate gmmno acid will be as 1'”0Ilr:un.‘ﬁ.l

¥ = aﬂyémzlﬂg mgj ‘Q ‘j . (6.8)
aﬁ’wéﬂf‘ﬁm w"ﬁnmaa

...._L
k-1
. ——
J = Kex D¢ [(HR)2], [A*ly - [(HR)y]; [At]g G (0.9)
i [H¥], [H+]

At the very initial state of extraction , [A*]; can be assumed to be zero.
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Therefore, the equation will be:

2
J = D, K[(HR),], [A+]¢ T iy
Tl [H+]n

The equation (6.10) is the very simple model equation to
predict the influence of external pH on the permeation rate at the initial
state of extraction.

From this simple meo
of amino acid is inversel

en that the permeation rate

ro;pmm;he initial pH value of feed
ate| of amino-agid at lower pH will be less

ino-agid at higher pH. This
[lerefore, the trend from the
& permeation rate can be

prediction is true
influence of pH 4
obtained from this si
The result§ o J “inititial permeation rate of 0.006M
phenylalanine at pk w “€quation and experimental
data are summarized j Eﬂé’ I;” nitial permeation rates at pH 2,3
and 5 which were cc ated fr a-aL t: 6.10) are shown in Figure
6.5. As shown in Figure t’ﬁ,ﬁ';‘ﬁ_"a" -:_i‘: fted agamst pH. In this case "a"
which is the mass transfer asea _area of liquid. membrane was assumed to be
constant. Flgurqjé shows | gxperimental data which
shows similar V“_‘ vever, the results from
experimental data = rom the model equation. this
may be due to the as umptmn that there are ncﬁ; ass transfer resistances
both in the external amhnternal azuahas hase. The other reason for this

variation m ﬁ}.@ used for initial rate
calculation v@ may rmt really be initi te data. However,we can

e e A S ST e . and

initial permeation rate trend from the model equation shows the similar
result as from experimemtal data.

Example of Calculation,

According to equation (6.10), the permeation rate at the
initial state can be calculated as follows:



Feed Solution Liquid Membrane | Stripping Solution
(High pH) (Low pH)
A

Extraction : > :, AR(ER)_.+

Siio 131 Wﬁw HARSH -
ARIAATAUUNIINGIAY

Figure 6.3 Uniform Flat Sheet Model for Amino Acid Permeation.
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Figure 6.4 Schematic Concentration Profile of Amino Acid Permeation.
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1. Calculation of [A+] in the Feed Phase.

AT = AER A RaGs (ﬂ)
Ap = total amount of amino acid = 0.006 M
Af = zwitterion ion of amino acid
A+ = cation of amino acid
Ky e [ASJIHY) = === 0 Gossmaiiians (b)
[A*] |
K; = dissoci )l amino acid, mol/dm3
K; for Phen ' ol/dm3
At pH 2,
10-1.83
[AY] = FFI9HT WA ccccceeieiereneens (c)
From (a);  QOOEECTABER[A] @ .....coconieeeees (d)
From (c) and (d); A+] =2 -mol/dm3
Therefore, X oH? = 2.42 mol/m?

2. Calculation of Membrane, Thickness.
SUEANIN TN T o 25 o

membrane phase was emulsifiéd to make-the emulsiong s

AR SOEHNAINHA B i
into aq;mgle: roplet wi e of ter spherical

droplet will be 50 ml in volume, the thickness of the membrane, I, can
be calculated as follow:

a) Diameter of Inner Sphere (D;).

Volume of inner sphere = 0.025 dm3
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1 nD3 =0.025x 103 m3
6

D, = W 0.025x103x6/x

D; = 00363 m

T L3 L3It

ﬁuaqwaﬂswﬂwni

D, KJIERGEIAHE o csggisseossens (6.10)

’QW']NT"I‘?W&IW]'N]EI']GEI

= 0.167 x 10-3 m3/mol (from this study)

(HR), = 0.072 mol/dm3 = 72 mol/m3
[A+]f atpH2 = 2.42 mol/m3

[H+], = 102 x 103 mol/m3



I = 47x103 m

D. which is the diffusivity of the complex in the membrane
phase was reported by Teramoto et. al. (1991) at the other
concentration of carrier. However the D, for 0.072 M of carrier can
be interpreted to be 1.65 x p m2/s. t (the membrane constant)

will be assumed to be one..

J = L1L65x10°10%{0 6710534 ..q; [2.42] mol/m? s
J =
Table 6.1 C nental Value of Initial

,e",:':_:‘-.;l-'j ; 11 06 M Phenylalanine .

pH del Equation
(mol!mzfs)
2 7.36 x 109
3 49 x 109
5 3 x 109

PRIAATUUMINYAE
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Figure 6.6 J*a vs. pH (Experimental Result).
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