
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Separation and Concentration of Phenylalanine by Emulsion Liquid
Membrane in a CSTR Extraction Process
Chih Chieh Chana; Jane Fu Yanga

a DEPARTMENT OF CHEMICAL ENGINEERING, FENG CHIA UNIVERSITY, TAICHUNG, TAIWAN,
REPUBLIC OF CHINA

To cite this Article Chan, Chih Chieh and Yang, Jane Fu(1995) 'Separation and Concentration of Phenylalanine by
Emulsion Liquid Membrane in a CSTR Extraction Process', Separation Science and Technology, 30: 15, 3001 — 3024
To link to this Article: DOI: 10.1080/01496399508013125
URL: http://dx.doi.org/10.1080/01496399508013125

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399508013125
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 30(15), pp. 3001-3024, 1995 

Separation and Concentration of Phenylalanine 
by Emulsion Liquid Membrane in a CSTR 
Extraction Process 

CHIH CHIEH CHAN* and JANE FU YANG 
DEPARTMENT OF CHEMICAL ENGINEERING 
FENG CHIA UNIVERSITY 
TAICHUNG, TAIWAN 40724, REPUBLIC OF CHINA 

ABSTRACT 

The extraction and concentration of phenylalanine by the continuous CSTR 
emulsion liquid membrane (ELM) separation process has been evaluated. We 
discussed the influence of operating conditions on the separation and concentra- 
tion efficiencies of phenylalanine. It was found that the extraction rate of phenyl- 
alanine increased as the amount of emulsion used and the internal concentration 
of H + increased. However, the concentration ratio of phenylalanine increased as 
the emulsion amount and acid concentration increased only up to a certain limit 
and then declined with further increases of these. The reduction of the concentra- 
tion ratio is due to the swelling of the emulsion drops. Two effects, swelling owing 
to osmotic pressure and swelling caused by the entrainment of water due to me- 
chanical agitation, are responsible for the swelling of emulsion drops. A mass 
transfer model for analyzing the extraction of phenylalanine by liquid surfactant 
membrane is presented. The model assumes that the extraction and stripping reac- 
tions are reversible, and that the reaction equilibrium exists in both the internal 
and the external interfaces. The scheme for mass transfer is based on a hollow 
sphere model. The phenomena of osmotic swelling, mechanical entrainment, and 
breakage are all considered in the mathematical treatment. The effects of operation 
parameters on the extraction efficiency and concentration ratio are discussed by 
simulation. 
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3002 CHANANDYANG 

INTRODUCTION 

Recently, the demand for L-amino acids has increased steadily. The 
main consumer is the food industry, but medical applications are also 
becoming increasingly significant. Amino acids, which are typical biopro- 
ducts produced on a large scale, are mainly separated and concentrated 
by ion exchange and crystallization. However, a drop in resin adsorption 
power results in the reduction of purification efficiency. As the need for 
a higher degree of purification becomes widespread, it is important to 
develop a more sophisticated novel separation which takes advantage of 
two or more properties at the same time or which has special selectivity. 

The emulsion liquid membrane (ELM) technique, which was first devel- 
oped by Li ( I ) ,  is an attractive separation method with potential for a 
wide range of applications from wastewater treatments to biomedical ap- 
plications (2-7). During the last decade the use of ELM has also been 
examined for the downstream processing of biochemicals owing to the 
potential for simultaneous separation and enrichment together with the 
avoidance of pretreatment. By applying ELM using an ionic carrier, thus 
taking advantage of the difference of both electrostatic charge and hydro- 
phobicity, there is a possibility to increase selectivity and put several 
operations together. To date, the biochemicals treated by ELM processes 
are amino acids (8-12), organic acids (13-18), and antibiotics (19). How- 
ever, most of these works were done on a batch scale, and there has been 
little research on a continuous process. In the present paper we study the 
separation and concentration of phenylalanine with ELM in a continuous 
CSTR process. The effects of operating conditions on the separation efi-  
ciency and concentration factor are discussed. A mathematical CSTR ex- 
traction model is also proposed, and the simulation results are compared 
with the experimental data. 

EXPERIMENTAL 

Figure 1 is a schematic diagram of the single-stage continuous CSTR 
apparatus used in this work. The 2-liter, acrylic-made extraction vessel is 
about 120 mm in diameter and 180 mm deep. Four equally spaced vertical 
baffles, 3 mm thick and 12 mm in width, were attached to the internal 
wall of the vessel to prevent vortexing. Vessel contents were agitated 
using a 5-cm standard, six disk-turbine type impeller. Impeller rpm was 
monitored by a tachometer. To maintain a uniform temperature in the 
vessel, it had a jacket through which water of constant temperature was 
circulated. A peristaltic pump equipped with a multichannel head deliv- 
ered the emulsion and feed solutions through two lines mounted on the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION AND CONCENTRATION OF PHENYLALANINE 3003 

B :  Bame E :  Emulsion 
J : Water jacket 
P : Peristaltic pump 
S : Settler T : Thennometer 
V : Voltage stabilizer 

FIG. 1 Schematic diagram of CSTR experimental apparatus. 

M :  DCstirrer 
Ph : Plieuylalanine solution 

W : Water bath 

top of the vessel. An outlet port fitted with a adjustable glass tube down 
to the liquid was also mounted on the top of the vessel. The outlet W/O/ 
W emulsion flow was withdrawn continuously by a second peristaltic 
pump. After settling, the aqueous rafibate flow was separated from the 
W/O emulsion and collected at the bottom of the separator for analysis. 
Samples of W/O emulsion were also taken from the overflow at the top 
of the separator and demulsified by a microwave method to analyze the 
solute concentration and the change of the volume ratio. All chemicals 
were used as supplied. The membrane phase consisted of Span 80 and 
D2EHPA dissolved in kerosene solvent. The internal encapsulated re- 
agent was HCl solution with which 500 ppm LiCl was dissolved as a 
leakage tracer. The membrane phase was prepared by blending all neces- 
sary components in advance, and the emulsion was made by addition of 
the internal phase under the intense shear provided by a Waring blender. 
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3004 CHANANDYANG 

The size of the water droplets in the emulsion was measured by using 
a centrifugal automatic particle size analyzer (Horiba CAPA-300). The 
phenylalanine concentration was measured by UV spectrophotometry 
(HP 8452A) at a wavelength of 258 nm. Lithium concentration was mea- 
sured by AA spectrophotometry (Hitachi 2-6100). The aqueous feed solu- 
tion and prepared emulsion were combined in the extractor at a volume 
ratio equal to the volumetric flow-rate ratio, FIE. The pumps were then 
started, beginning with the continuous flow experiment. Aqueous and 
emulsion samples were collected from the effluent of the extractor every 
5 or 10 minutes and analyzed. Steady-state was indicated when solute 
concentrations did not change over a period of two or three samples. 
Steady-state was usually reached after about 15 or 20 minutes. After re- 
cording the steady-state concentrations, the pumps and mixer were 
stopped to allow the emulsion and bulk phases to separate. The relative 
volumes of the emulsion to bulk phases were calculated from the thickness 
of the emulsion phase. In all experiments, mass balances were calculated 
on the total amount of phenylalanine in the system. Extraction efficiency 
and concentration ratio of phenylalanine were estimated as follows: 

(1) 

Concentration ratio = CJClo (2) 

Extraction efficiency = (CIO - CI)/CIO 

EXPERIMENTAL RESULTS AND DISCUSSION 

Typical experimental results using this ELM system in CSTR operation 
are shown in Fig. 2. As can be seen, the steady-state condition for each 
run was reached after about 15 or 20 minutes. The concentration ratio of 
phenylalanine in the internal phase was shown to be a factor of 3 or more. 
This demonstrated that, by using the ELM system, it was possible to 
separate and concentrate phenylalanine in the internal phase three times 
higher than the initial concentration of the external phase. This makes the 
ELM process more advantageous than conventional ion exchange because 
it is impossible to get such a high concentration of solute by the ion- 
exchange resin process. 

Effect of Exit Position on the Effluent F/€ Ratio 

From the general characteristics of CSTR at steady-state operation, one 
might expect that the external aqueous phase to emulsion phase volumet- 
ric flow ratio of the outlet stream, [FIE],,,, should be equal to the ratio 
of that of the inlet stream, [FIEIi,. However, this is not always true in 
the ELM system. As shown in Fig. 2(b), it is found that the steady-state 
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FIG. 2 Effect of different outlet positions. 

outlet [F/E],,,  ratio (= 4-8) is significantly smaller than that of the inlet 
stream ([F/EIin ratio = 12). The reason for this phenomenon is due to the 
swelling and entrainment of water from the external phase into the internal 
phase of emulsion. This is also strongly supported by the results of Fig. 
2(b). As can be seen, by breaking the emulsion sampled from the outlet 
stream and measuring the volume ratio of the internal aqueous phase to 
the membrane oil phase, it is found that the steady-state [A/O],,, ratio in 
the outlet emulsion is also three times higher than that of the inlet emul- 
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3006 CHANANDYANG 

sion. Figure 2(b) shows the results of a decrease of water content in 
the external aqueous phase and an increase of water content in the internal 
aqueous phase. Two mechanisms are suggested to be responsible for this 
water transport phenomena. One is the osmotic swelling and the other is 
the mechanical entrainment. Though the mechanisms are totally different, 
it is found that both phenomena are strongly influenced by the intensity 
of mechanical agitation. To study the effect of agitation more closely, five 
positions, as shown in Fig. 1 ,  were chosen to be the outlet points for 
comparison. The results of these experiments are also shown in Fig. 2. 
As can be seen, different outlet points showed different degrees of the 
effects of water swelling and entrainment and thus gave different values 
of [FIE],,, and [A/O],,, ratios. Position 1 ,  which had the least agitation 
intensity, was most influenced by these phenomena and gave the largest 
effects of water transfer. However, no attempt is made in this paper to 
distinguish between osmotic swelling and mechanical entrainment effects. 
A more detailed discussion of these phenomena will be present in a subse- 
quent paper. The phenomenon of the difference between [FIE],,, and 
[F/E3in in the ELM system should be seriously considered in the develop- 
ment of ELM separation process. For simplicity of operation, position 3 
was chosen as the standard outlet position in this study. 

Parameters Affect the Extraction and Concentration 
of Phenylalanine 

Many factors have been proposed to be related to phenylalanine extrac- 
tion, e.g., emulsion-to-feed treatment ratio, H + concentration, surfactant 
and camer concentration, N O  phase ratio, agitation intensity, etc. only 
the two most important, treatment ratio and H + concentration, are studied 
in this paper regarding their effects on the efficiency of phenylalanine 
extraction and concentration. 

Effect of [E/F] Treatment Ratio on the Extraction 
and Concentration Efficiency 

The higher the value of the [HF],, treatment ratio, the more emulsion 
is used, and the more liquid drops are formed; therefore, the mass transfer 
area enlarges and the extraction rate increases. This can be realized from 
Fig. 3(a) where the extraction rate grows noticeably with the increment 
of [E/FIi,. However, the increment of the [E/FIi, ratio, although it helps 
to advance the extraction efficiency, has a detrimental influence on the 
concentration effect when it is boosted too much. It can also be seen in 
Fig. 3(a) that the concentration ratio is first heightened and then lessened 
when the [E/FIi, ratio is increased. The reason may be that with an in- 
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crease of emulsion quantity, the extraction efficiency accelerates and 
causes a boost of the concentration effect. Figure 3(b) indicates that as 
the quantity of emulsion used increases, there is a gradual trend of enlarge- 
ment of the swelling phenomena which becomes apparent when the [E/F]in 
treatment ratio is more than 0. I .  This will dilute the materials which were 
originally extracted into the internal phase of the emulsion and cause a 
decrease of the concentration effect. Hence, with the increase of the 
[E/F]i,  treatment ratio, there is the possibility for concentration effect to 
first increase and later decrease. 
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Effect of Internal-Phase H+ Concentration on the 
Extraction and Concentration Efficiency 

Figure 4(a) shows that as the concentration of the internal-phase H+ 
ions increases, extraction efficiency enhances accordingly. However, too 
high a concentration of H + ions is not absolutely helpful. If the concentra- 
tion of inner H + ions grows to a certain degree, the increment of extraction 
efficiency slows, which will make the emulsion quite unstable and even 
broken. From Fig. 4(b) we see that as the concentration of H' ions height- 
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ens, the leakage of inner solution obviously increases, which will do harm 
to the extraction efficiency. Further, another disadvantage will influence 
the extraction experiment through the increment of H + ion concentration; 
the swelling phenomenon will grow, as shown in Fig. 4(b), and this causes 
a decrease of the concentration effect. Figure 4(a) indicates that with the 
increment of H + ion concentration, the concentration effect of phenylala- 
nine tends to increase first and decrease later. The reason may be that 
with the increment of H +  concentration, the extraction efficiency is en- 
hanced and the concentration effect increases accordingly. Later on, due 
to the noticeable growth of the swelling phenomenon, the concentration 
effect is reduced. 

THEORY 

Mass Transfer Model of Emulsion Liquid Membrane 

The development to date of emulsion globule models has two categories 
with a total of five simplified geometric structures (20, 21), as shown in 
Fig. 5. 

First Category. Suppose the internal liquid microdroplets of a W/O 
emulsion can move freely and blend homogeneously with one another 
until they reach a congruent concentration. This category can be divided 
into two geometric models, the Uniform Flat-Plate and the Hollow Sphere, 
according to the relative size of the film thickness and the curvature of 
the globule. 

Second Category. Suppose the internal liquid microdroplets of a 
W/O emulsion are immobilized and unable to blend with one another, and 
the concentration varies as the position changes. This category can also 
be divided into three geometric models: Immobilized Hollow Sphere, Im- 
mobilized Spherical Globule, and Immobilized Hollow Spherical Globule. 

In the Hollow Sphere Model the internal liquid microdroplets of an 
emulsion can be combined into a big internal droplet surrounded by a 
liquid membrane. The Hollow Sphere Model, although unable to give a 
satisfactory description on the actual emulsion globule, has been widely 
adopted due to its mathematical simplicity. Therefore, our theoretical 
analysis is based on the Hollow Sphere Model. None of the modeling 
studies of CSTR operation in the literature include the effects of emulsion 
swelling, mechanical entrainment, and breakage, although there have been 
attempts to quantitatively describe emulsion swelling (1 1, 22). In this 
paper we propose a kinetic model which includes osmotic swelling, me- 
chanical entrainment, and emulsion breakage for the extraction of phenyl- 
alanine in CSTR operation, and then compare with the actual experimental 
outcome to determine its practicality. 
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Real Emuls ion Drop Model Emuls ion Drop 

( a )  Uniform F l a t - P l a t e  Model 
( b )  l l o l l o w  Sphere  Model 
( c )  Immobi l ized Hollow Sphere  Model 
( d )  Immobi l ized S p h e r i c a l  G l o b u l e  hlodel 
( e )  Inunobilized Ilollow S p h e r i c a l  G l o b u l e  Model 

FIG. 5 Configurations of various emulsion drop models. 

Phenylalanine, like other amino acids, is a zwitterion; it possesses a 
positive charge at low pHs (<3), no net charge at neutral pHs (3-9), 
and a negative charge at high pHs (>9). The dissociation equilibria are 
expressed as follows: 

= 2.63 x (25°C) 
K a l  

(3) [A+ 1 A +  = A  + H + ,  Kal = 
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Since phenylalanine is insoluble in the oil phase, an ion-exchange carrier 
(e.g., D2EHPA) must be added to the membrane phase in order to solubi- 
lize phenylalanine into the oil and transport it to the internal phase. A 
schematic diagram of the transport mechanism for phenylalanine in an 
ELM process is shown in Fig. 6. The overall reaction for phenylalanine 
extraction by the cation-exchange carrier DZEHPA can be expressed as 
follows: 

K [RAI [M + 1 A +  + RM RA + M + ,  K = [A+,[RMl (4) 

Based on the hollow sphere model, as shown in Fig. 7, the flux of 
phenylalanine, J1, from the bulk of the external phase to the interface 
with the membrane is given by 

( 5 )  
where kL1 is the external phase mass transfer coefficient, [A+]l is the 
phenylalanine concentration in the bulk of the external phase, and [A+ ] Im 

is the concentration on the external phase side of the external phase- 
membrane phase interface. 

By quasi-steady-state assumption, the diffusional flux, J 2 ,  of the phenyl- 
alanine-carrier complex across the membrane phase is given by 

Ji = k ~ i ( [ A + l i  - [A'l id 

External phase Membrane phase Internal phase 

A+ I R-M+ I 

M+ 

R : Carrier 
(DSEHPA) 

R : Carrier 
(DSEHPA) 

A+ 

M+ 

FIG. 6 Schematic diagram of the transport mechanism for phenylalanine 
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, .  

> r  

FIG. 7 Modeling of the emulsion drop. 

where Ri and R,  are the inner and outer radius of emulsion globule, respec- 
tively, DRA is the diffusivity of the complex, and [RAI,, and [RAIm3 are 
the complex concentrations on the membrane phase side of the inner and 
outer interfaces, respectively. 

Finally, the flux of phenylalanine, J 3 ,  from the interface with the mem- 
brane phase to the bulk of the internal phase is given by 

(7) 

where kL3 is the internal phase mass transfer coefficient, [A'], is the 
phenylalanine concentration in the bulk of the internal phase, and [ A ' h  
is the concentration on the internal phase side of the internal phase-mem- 
brane phase interface. 

Equation (8), created by combining Eqs. (3) to (7) and doing some 
mathematical manipulation, is the resulting mass transfer rate equation 
of phenylalanine which we attain by applying the hollow sphere model of 
emulsion globule in accordance with the chemical extraction equilibrium 
relationship and the dissociation equation of phenylalanine. 

J 3  = k~([A+13rn - [A+l3) 
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SEPARATION AND CONCENTRATION OF PHENYLALANINE 301 3 

where 

Mass Balance of CSTR Operation 

Mass Balance of Total Volumetric Flow Rate and Water 
Flow Rate 

Referring to Fig. 8, under steady-state conditions the total volumetric 
flow rate of the inlet emulsion stream and aqueous stream is equal to the 
total flow rate of the outlet emulsion and aqueous streams. Therefore, the 
overall material balance equation is expressed by 

qE.in + 4 w . h  = qE,out + qw,out (1 1) 

For the water material balance in the aqueous stream, the outlet water 
flow rate is equal to the water inlet flow rate plus the water leakage rate 

FIG. 8 Schematic diagram of material balance for CSTR. 
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due to the emulsion breakup ( q L )  and minus the water entrainment rate 
(qEN) and swelling rate ( q s )  into the emulsion. Therefore, the water mate- 
rial balance equation is expressed by 

(12) - 
qw,ou t  - qw, in  + q L  - q E N  - 4s 

Mass Balance of Amino Acid 

Under steady-state conditions, the overall mass balance of phenylala- 
nine of all forms (i.e., A + ,  A, A- ,  and [RA]) in both the emulsion and 
external aqueous phases is given by 

q w , i n C l . i n  + q E , i n ( l  - 4 i , i n ) l R A I a v , i n  + qE,in+i, inC3,in 

- q w . o u t C 1  + q E , o u t ( l  - +i ) [RAlav  + q E , o u t + i C 3  
(13) - 

and that in the external aqueous phase side is given by 

q w . o u t C 1  = qw. inCl . in  + 4 ~ C 3  - ~ E N C ~  - qsC1 - ( - r A ) V a  (14) 

where 

i =  1 , 3  
s 3 V E  

V RoV 
a = - = -  

Mass Balance of Hydrogen Ion 

As the same, under steady-state conditions, the overall mass balance 
of hydrogen ions of all forms (i.e., free H' ion and H' camed by A + ,  
A, and [RAN in both the emulsion and external aqueous phases is given 
by 

q w , i n B l , i n  + 2 q E , i n ( l  - $i. in)[RAlav.in + qE.in4i . inB3, in  

- 4 w . o u t B 1  + 2 q E , o u t ( l  - +i ) [RAlav  + qE,out$iB3 
(17) - 

and that in the external aqueous phase side is given by 

q w . o u t B l  = qw.inBl . in  f qLB3 - q E N B l  - qSBI - 2 ( - r A ) V a  (18) 
where 

B i  = [H+]i + [A], + 2 [ A + ] i  = [ H ' l i  + - + 2) [A'];, (19) 

i =  1 , 3  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION AND CONCENTRATION OF PHENYLALANINE 301 5 

- 100 

“,u 80 

u- I 
I I 2  
UI 

h 
0 60 
5 .+ 

.A 
0 

lu 
.cI 
w 40 

c 

U 
4., 

a 
I. 

2 20 

4 0  

Equations (8) to (19) may be solved simultaneously by the numerical 
method. The results of computation with various parameters are used to 
describe theoretically the behavior of phenylalanine extraction by ELM 
in a CSTR system. 

I I I 10 

v m l  16 O 
(b)  - 8  - 

0 .- 
- 

- 

- 

0 

COMPARISON BETWEEN THEORETICAL MODEL 
AND EXPERIMENTAL RESULTS 

We can obtain the separation efficiency and the concentration ratio of 
phenylalanine with Eqs. (8) to (19). We then make a comparison between 

FIG. 9 

I 1 I 

[E/FIi, 

Effect of emulsion drop size. A: R,  = 0.02 cm. B: R, = 0.05 cm. C: R,  = 0.1 
cm. D: R,  = 0.3 cm. 
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the outcome calculated from the theoretical model and the experimental 
data in order to study the applicability of the theoretical model. By chang- 
ing the concentration of the internal hydrochloric acid and the emulsion 
flow rate, the effects of such operating parameters as emulsion globule 
diameter, extraction equilibrium constant, mass transfer coefficients, and 
diffusion coefficient on the separation efficiency and concentration ratio 

C s 20 
ld 
L 
4 
x o  

h 

6\" - 100,  I I , 10 

.......... 
- 

I I 

0 

d 
0 

4 3  
L 
t' 
d 

2 a J  
V 
C 

FIG. 10 Effect of extraction equilibrium constant. A: K = 0.1. B: K = 0.01. C :  K = 
0.W2. U: K = 0.WI. E: K = 0.0001. 
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of phenylalanine can be seen. Figure 9 shows that as the drop diameter 
of the emulsion dwindles, the extraction efficiency and concentration ratio 
apparently heighten. This is because the mass transfer area expands and 
the extraction efficiency and concentration ratio increase accordingly with 
a decrease in the drop diameter of the emulsion. In Fig. 10 it is shown that 
with the increment of the extraction equilibrium constant, the extraction 
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FIG. I I Effect of internal-phase mass transfer coefficient. A: kL3 = lo-' cm/s. B: kL3 = 
cm/s. C: kL3 = ]OW5 cm/s. D: k ~ 3  = crnls. 
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efficiency, and the concentration ratio have a noticeable growth. Like- 
wise, Figs. I 1  and 12 show that as the mass transfer coefficients of the 
internal and external phases increase, the extraction efficiency and con- 
centration ratio also tend to increase but do not change as much. Figure 
13 shows that the extraction efficiency and concentration ratio gradually 
grow with the increase of the diffusion coefficient of the liquid membrane. 
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In summary, with decreasing R,  value and increasing K, kL1, kL3,  and 
DRA values, the extraction efficiency and concentration ratio of phenylala- 
nine will also grow. 

Figures 14(a) and 14(b) present optimum model calculations and experi- 
mental results for two different sets of operating conditions. The figures 
show that the theoretical model calculations, although they do not fit the 

FIG. 13 
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Effect of membrane-phase diffusion coefficient. A: DRA = cm%. 
= cm2/s. C: DRA = cm2/s. D: DRA = lo-.' cm%. 
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FIG. 14 Comparison of model simulation with experimental data. 

experimental outcomes very well, can still be used to predict the trend 
of the extraction and concentration phenomena of phenylalanine, thus 
showing the applicability of the theoretical model. 

CONCLUSION 

According to the preliminary research results of this paper, it is feasible 
to apply the ELM system in a continuous CSTR operation to separate 
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and concentrate amino acids. This study has chosen phenylalanine as 
the model amino acid and D2EHPA as the carrier which, under proper 
operating conditions, can extract and concentrate phenylalanine from the 
external-phase solution into the internal-phase solution. The extraction 
efficiency can to reach 70% while concentration ratio is increased fourfold. 
For this paper we adopted the hollow sphere emulsion globule model, 
based on chemical extraction equilibrium and the mass balance equations 
of CSTR operation, to study the extraction and concentration efficiency 
of phenylalanine. We also made a comparison between the model calcula- 
tions and the experimental results to determine the feasibility of applying 
the mathematical model to the ELM system we studied. The results show 
that the theoretical model calculations can predict the trend of extraction 
and concentration of phenylalanine. It was found that the flow rate ratios 
of the external phase and the emulsion phase at five different outlet posi- 
tions do not agree with the flow rate ratio of the inlet streams during the 
extraction process. It was also discovered that the emulsions obtained 
from five different outlet positions became glutinous. This indicates that 
the emulsion creates the osmotic swelling phenomenon during CSTR oper- 
ation. This phenomenon not only decreases the extraction efficiency and 
concentration ratio but, what is worst, affects the operationability of 
CSTR. Therefore, if a way could be found to reduce the occurrence of 
the osmotic swelling phenomenon, the CSTR operation be helped and 
the extraction and concentration efficiency of phenylalanine would be 
increased. 

NOTATIO N 

A 
A +  
A -  
a 
B 
C 
DRA 
E 
F 
H' 
Ji 

5 2  

J3 

K 
Ka 1 

Ka2 

phenylalanine zwitterion 
positively charged phenylalanine 
negatively charged phenylalanine 
interfacial area per unit volume (cm2/cm3) 
total concentration of hydrogen ion in all forms (moYdm3) 
total concentration of phenylalanine in all forms (moVdm3) 
diffusion coefficient of RA in membrane phase (cm2/s) 
emulsion flow rate (cm3/s) 
external aqueous phase flow rate (cm3/s) 
hydrogen ion 
mole flux of phenylalanine in external phase (mol/cm2.s) 
mole flux of phenylalanine in membrane phase (mol/cm2.s) 
mole flux of phenylalanine in internal phase (mollcm2.s) 
extraction equilibrium constant (-) 
first dissociation constant of phenylalanine (mol/dm3) 
second dissociation constant of phenylalanine (mol/dm3) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CHANANDYANG 

mass transfer coefficient of phenylalanine in external phase 
(cds)  
mass transfer coefficient of phenylalanine in internal phase 
( c d s )  
counterion 
volume flow rate of emulsion (cm3/s) 
volume flow rate of external aqueous phase (cm3/s) 
volume flow rate of aqueous phase due to mechanical entrain- 
ment (cm3/s) 
leakage rate of internal phase (cm3/s) 
osmotic swelling rate (cm3/s) 
inner radius of emulsion globule (cm) 
outer radius of emulsion globule (cm) 
counterion-carrier complex 
phenylalanine-carrier complex 
extraction flux of phenylalanine (moI/cm*.s) 
total interfacial area (cm2) 
total volume (cm3) 
emulsion volume (cm3) 
concentration of A in aqueous phase (moYdm3) 
concentration of A +  in aqueous phase (moYdm3) 
concentration of A -  in aqueous phase (moYdm3) 
concentration of H + in aqueous phase (mol/dm3) 
concentration of M' in aqueous phase (moVdm3) 
concentration of RA in membrane phase (mol/dm') 
concentration of RM in membrane phase (mol/dm3) 
volume fraction of internal phase in emulsion (-) 

Subscripts 

0 initial value 
1 external phase 
3 internal phase 
av average value 
in inlet 
m membrane phase 
out outlet 
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