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Abstract—A separation technique for amino acids, phenylalanine and tryptophan, from aqueous solution was studied
in a column that was packed with a polymeric resin, XAD-16. This technique is based on a cyclic operation that has
three typical steps such as adsorption, desorption, and washing. In particular, the desorption step for amino acids from
the resin was carried out by using organic solvents, isopropyl alcohol and methanol. The desorption mechanism was
assumed to be a competitive adsorption between amino acids and solvents, and the ideal adsorbed solution theory
(IAST) based on the Langmuir equation as a single component isotherm was used in describing multicomponent equi-
libria. Adsorption and desorption breakthrough curves of the two amino acids were measured under various experi-
mental conditions such as concentration, flow rate, and column length, in order to check the feasibility of the resin as
a medium for the separation of amino acids. It was found that this separation technique could be a promising one for
this purpose. Also, a simple dynamic model was formulated to describe both adsorption and desorption breakthrough
curves of amino acids.
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INTRODUCTION tion or regeneration characteristics in cyclic operations [Costa and
Rodriques, 1985; Diez et al., 1998; Lee et al., 1997a; Podlesnyuk
Amino acids have acquired an important role in the pharmaceuet al., 1999]. Unlike ion exchangers, polymeric adsorbents also could
tical, food, and health product industries. They have been producele applied in thermal swing adsorption, and desorption with organic
by selective fermentation through appropriate bacteria based on theolvents yields high purity.
high temperature acid hydrolysis of protein containing substrates For efficient separation and purification of amino acids from broths
[Carta et al., 1998; Doulia et al., 2001]. This technique usually yieldghat contain many components, it is essential to understand the phys-
multicomponent mixtures containing amino acids, inorganic ions,ical and thermodynamic characteristics of their adsorption and de-
and high molecular weight compounds. Typically, high molecular sorption on nonionic polymer resins. Therefore, our major concern
weight compounds are removed by centrifugation, ultrafiltration, in the present study was the acquisition of accurate information on
and adsorption on activated carbons while the removal of the inoradsorption equilibrium and mass transport data to quantitatively an-
ganic ions and the extraction of the individual amino acids are caralyze adsorption and desorption behaviors of amino acids on a non-
ried out by chromatographic techniques [Melis et al., 1996; Moitraionic polymeric resin, XAD-16. Since desorption in this case can
etal., 1998]. be assumed to be a competitive adsorption between amino acids
To improve the efficiency of recovery, separation, and purifica- and a desorbate, the ideal adsorbed solution theory (IAST) based
tion from fermentation broths, several separation techniques haven the Langmuir equation as a single-component equilibrium iso-
been employed. Considering energy efficiency, selectivity, and costherm was used in describing multicomponent equilibria [Myer and
the adsorption-based separation technique is a promising methdérausnitz, 1965]. A simple dynamic adsorption model was also for-
for the separation of amino acids. Several works have been reportedulated by incorporating the IAST with the mass balance equation
in the literature for amino acid adsorption on various adsorbentsn the column. The adsorption and desorption breakthrough curves
including activated carbon, silica, ion exchangers, and polymeriovere compared with the simulation results predicted by the model.
resinsetc [Carta et al., 1998; Doulia et al., 2001; Dutta et al., 1997,
Grzegorczyk and Carta, 1996; Kubota et al., 1996]. Among them, THEORETICAL APPROACH
a polymeric resin is more attractive than other media because of its
regeneration characteristics. For this purpose, the separation prt- Dynamics Model Description Based on Surface Diffusion
cess, which consists of three steps: adsorption, desorption, and wash-A dynamic model for adsorption of amino acids in the fixed-bed
ing, has been applied. Although polymeric adsorbents have lowecharged with a nonionic polymeric sorbent was formulated accord-
adsorption capacities than other common adsorbents such as adtig to the following general assumptions: (1) The system is iso-
vated carbon and ion exchangers, they have much better desoriiermal, (2) The shape of resin particles is spherical, (3) The col-
umn is homogeneously packed, (4) The pore size distribution is ho-
To whom correspondence should be addressed. mogeneous, (5) The pore structure inside particles is uniform, (6)
E-mail: hmoon@chonnam.ac.kr The fluid physical properties remains constant, (7) The flow pat-
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temn is a plug flow with a constant linear velocity along the column, made by means of a stiff solver: LSODI of the International Math-
and (8) The surface diffusivities within the adsorbent do not vary.ematics and Science Library (IMSL). Inserting surface concentra-
Under these assumptions, the transport equation inside a spheridain into Egs. (9) and (10), these ordinary differential equations for
adsorbent particle may be described by the following equation:  two vectors dC*/dt anddg*¥/dtr  are simultaneously inte-
oq g . 20 grated with respect to by usjng the' integrating package yvhich
a_tl =DS‘D0 - +?a_r% ) employs the variable-step size, variable-order, and predictor-cor-
r rector techniques that are suitable for stiff equations.
with initial and boundary conditions:
EXPERIMENTAL

g =a(0.1) @
D.p g = (C,-C.) @ The polymeric adsorbent used in this study was XAD-16. Itis a
*or | - e macroreticular and spherical polystyrene resin cross-linked with di-
vinylbenzene which was supplied by Rohm and Haas Co. (France).
99| =g 4 The physical properties of XAD-16 used are given in Table 1. The
Orl=o water content of fully swollen resin particles was determined from
The mass balance equation in the column and the relevant initidhe weight loss of samples that occurred during drying in a vac-
and boundary conditions are: uum oven at 383.15 K for 72 h. The arithmetic average particle di-
, ameter was determined by sorting wet resin particles with the aid
9C - 0G _ 9C 1783k ¢ ©®) of an optical microscope. It was about §B% Nitrogen adsorp-
ot 922 9z & R tion/desorption was measured with an ASAP-2010 volumetric ad-
C.=C(0,2) ®6) sorption apparatus (Micrometrics) at 77.4 K. The surface area was
calculated by the BET method. The pore diameter was obtained
DL‘E ==Y(C|,-, ~Ca(t)],=0) @ from the BJH pore size distribution method. Two amino acids, L-
0z}, phenylalanine (Phe) and L-trytopan (Trp) were obtained from Jun-
oc| o . sei Co. (Japan). The properties of these amino acids are shown in
Fr ﬂ‘ ® Table 2. The amino acids are usually amphoteric. They exist both
as anions and cations, depending on the solution pH. Amino acids
2. Numerical Method studied here have isoelectric points of 5.5 for Phe and 5.9 for Trp.

In this study, the classical procedure of orthogonal collocationMethanol and isoproply alchol (IPA) were used as organic desor-
combined with the high accuracy of the finite element method (FEM)bates in this study. Samples with purity greater than 99% were ob-
was applied. The entire column is at first divided into a finite num-
ber of elements, in which the space variables are discretized [Vilable 1. Properties of XAD-16
ladsen and Michelsen, 1978; Lee et al., 1997; Lee and Moon, 1998;

Park, 2002]. Using the orthogonal collocation method on FEM, the AdsorF)ent Unit XAD-16
resulting equations constitute a set of algebraic first-order ordinary Che_m'Cﬁ"_ structure - Polystyrene
differential equations as written in Egs. (9) and (10). Particle size Hm 560-710
Particle density kg/th 501
g Ve Nt BAS s w Particle porosity - 0.51
=== AS, ot 2AS -
ot le %5 ASyrsnrs qu Bed density kg/rh 244
NTS1 _AXBS.ars o Moisture holding capacity % 68.96
+ ——
,Zl %X'BS“ ASyrs NTSASNTS EJ, Surface area (BET) fiy 920 &800%)
+(4X'BSvNTS+6AS,NTS)B£(CI(L) _Cl,s)(L):| 0 Avera_lg_]e pore dlameter nm 8.54
ASyrs s 2 Specific gravity - 1.015-1.025

(5}

ocY __en . . e
or _P$Zi {BF(k,I,l) P&ZkAF(k,I,l)}C1

+{BF(k,i,NTF) ~PeAZ AF(k,i,NTF)} C(A:‘)TLLEJ

*from the manufacturer’s report.

Table 2. Properties of model compounds used

NTF-1 © Solubility
+'S {BF(k i,j) -PeAZ,AF(k,i,j)} C¥ } (10) Compound Structure MW (kg/m)
=2

H
where i, j are the coIIocaFmp numbers within the particle or anng Phenylalanine QCHz l__COOH 1652 296
the column. L and k are indices for the component and the section _(f
of the column, respectively. The dimensionless variables and no-
menclatures have already been listed in details in our previous re- H
pqrts [Lee etal., 19973, b]. '.I'he'surface concentranon can be det,erTryptoph an CH_I cooH 20423 12
mined from the corresponding isotherm or multicomponent equi- .l 2?
N

librium theories. Owing to the system stiffness, its integration is Hs

NH,
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tained from Carlo Erba (USA). Table 4. Various isotherms for single components
Prior to experiment§, the adsorbent was Ieachgd with isopropyl  Name Model equations Parameters
alcohol for 24 h to wet internal pores. Adsorbent particles were loaded bC
in a 0.02 m ID glass column, and a ten-bed volume of sodium hy-  Langmuir q :?TTC g, b
droxide (0.1 N) and HCI (0.1 N) was passed through the column . 0
) L Freundlich g=kC k, n
successively at a flow rate of 1.0%1®%min in order to remove bon
impurities. Finally, a twenty bed-volume of distilled and deionized Sips q =9—le R q, b, n

water was passed at the same flow rate to rinse off HCI.
Adsorption equilibrium experiments were carried out by con-
tacting a given amount of adsorbent with amino acid solution of 1-data on an adsorption system. It is also very important for analysis
25 mol/n? and organic solvents solution of 200-1,600 mblfina and design of adsorption-based processes. Adsorption onto syn-
constant temperature shaking incubator (298.15 K). The dry basthetic adsorbents mainly occurs by the dispersed force between the
weight of adsorbent was measured after drying for 48 hours in adsorbate and the resin. Therefore, the adsorption capacity depends on
vacuum oven at 383.15 K. Three days are enough for the systettine property of adsorbate, temperature, solution pH, and the amount
to reach equilibrium. After equilibrium was reached, the excess aminof impurities contained in the solution.
acid left in the solution was analyzed by using UV spectrometry  Adsorption equilibrium isotherms of two amino acids and two
(Varian, model DMS 100s). IPA and methanol concentrations wereorganic solvents on the nonionic polymeric resin, XAD-16, were
measured by a GC (Shimadzu, model GC14B), equipped with @etermined. These experimental isotherms data were correlated by
hydrogen flame ionization detector. Helium was used as a carrieusing three well-known isotherm equations such as Langmuir, Fre-
gas. The adsorption capacity of the polymeric adsorbent was deteundlich, and Sips. The former two isotherms have two parameters,
mined from its material balance. whereas the latter has three isotherm parameters as listed in Table 4.
The adsorption column was made of glass with an inside diamThe parameters were obtained by fitting the data using a modified
eter 0.015m and length 0.3 m. A nonionic polymeric sorbent was_evenberg-Marquardt method (IMSL routine DUNSLF). The ob-
packed into the column and sustained by glass beads. A precisigact function, E (%), represents the average percent deviation between
micropump regulated the flow rate. The solution was introducedexperimental and predicted results as follows:
upward into the column. To prevent channeling and to enhance dis-

N _
tribution of the solution through the column, the two layers of small  E(%) =100 z[q—”‘qk—q“‘k} (11)
k=1 exp k

glass beads were packed in the top and bottom regions of the col-
umn. All the packing procedures were conducted under water td-ig. 1 shows the adsorption equilibrium isotherms of two amino
avoid the generation of bubble in the column. After the start of ex-acids on XAD-16. The adsorption capacity for Trp is larger than
periments, samples were periodically taken at the determined timéhat for Phe. Adsorption amounts increased with increasing the hy-
intervals by using a fractional collector. The operating conditionsdrophobicity. This result suggests that the adsorption amount highly
of the column are listed in Table 3. depends on the hydrophobicity of the adsorbates [Ruthven, 1984].
Stock solutions were prepared in a glass tank of 5 L volume, andh general, from the economic point of view, the success of an ad-
it was placed in a constant-temperature water bath. The flow wa
controlled at constant rate with a micrometering pump and the rat

was determined with a rotameter during a run. Distilled water was 08

supplied into the column at the same flow rate as the aqueous s O Phe
lution for about 2 hr prior to the start of experiments in order to fill o T

the bed with water and to prevent sudden disturbance of the expe == Langmuir

mental system at the beginning of the experiments. To maintain th
column at constant temperature, @5a water bath with a temper-
ature controller was used.

RESULTS AND DISCUSSION

q (mol/kg)

1. Adsorption Isotherm
Adsorption isotherms are the most fundamental and informative

Table 3. Experimental conditions for fixed-bed adsorption

Variables Units Experimental conditions

Bed length (L) m 0.05-0.15 L

Bed diameter (D) m 0.015 16 20
Diameter mm 0.664 C (mol/m®)

Flow rate () ml/min 2.2,3,4 Fig. 1. Adsorption isotherms of Phe and Trp on XAD-16 at 298.15
Temperature °C 25 K.
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20 the efficiency of separation. The axial dispersion coefficient depends
o IPA on the effective intraparticle diffusivity and the magnitude of the
O Methanol concentration gradient through the particle. The effect becomes most

16k === Langmuir significant when all adsorption occurs at the outside of the particle

in the initial uptake. Wakao and Funazkri [1976] suggest the fol-
lowing equation as a limiting expression for the system with a rec-

12 tangular isotherm.

D, _20D,p,1_ 20 ,1
2vR &DyRO 2 ReSc 2 (12)

g (mol/kg)

External diffusion or film transport controls the transfer of adsor-
bate from bulk solution through the boundary layer of fluid adja-
cent to the external surface of the adsorbent. Film transport is gov-
erned by molecular diffusion and, in the case of turbulent flow, by
eddy, mass, diffusion, which controls the effective thickness of the
boundary layer. For spherical particles, the external mass transfer
coefficient, k in the column, have been estimated by using the Ranz

% 400 800 1200 1600 and Marshall equation [Ruthven, 1984].

C (mol/m®)

Sh

=2DﬂQ =2.0+0.6R&°SE™ 13)

m

Fig. 2. Adsorption isotherms of IPA and methanol on XAD-16 at
298.15 K. where, Re is the Reynolds number defined as ResZRSc is
the Schmidt number, Sg#D, 0., andSh is the Sherwood number,
sorption system usually depends on the regeneration of the soBh=2kR/D,..
bent. The choice of desorption method will depend on the physical The rate of adsorption by porous adsorbents is generally con-
and chemical characteristics of both the adsorbate and the sorbetiblled by the transport within the particle, rather than by the intrin-
For nonionic polymeric sorbents, the solvent regeneration techniqusic kinetics of sorption at the surface. There are various methods
has been considered to be superior to other methods since the & determining the diffusion coefficient in the literature, Here, we
tractive forces binding the solute to the resin surface are physical idetermined it by comparing the experimental concentration history
nature. Fig. 2 shows the adsorption isotherms of IPA and methanoin a batch adsorber and the predicted one based on the surface dif-
The affinity of IPA on XAD-16 was greater than that of methanol. fusion model by minimizing the object function defined in Eq. (11).
Here, the solid lines are the correlated results with the LangmuiiThe determined values for Phe and Trp are listed in Table 6.
isotherm. The isotherm parameters as well as the mean percent d&-Breakthrough Curves under Various Operating Conditions
viation error obtained are listed in Table 5. The performance and operating cost of an adsorption-based sep-
2. Determination of Model Parameters aration process greatly depend upon the effectiveness of design and
In columns packed with porous adsorbents, the major transpomperating conditions. Therefore, rigorous approaches to the design
parameters are the axial dispersion coefficient, the external film masand operation of the adsorption system must be used to ensure effi-
transfer coefficient, and the intraparticle diffusion coefficient. When cient and cost effective applications. To do this, one has to under-
a fluid flows through the packed bed, there is a tendency for axiaktand the mechanism and dynamics of adsorption and desorption
mixing to occur. Any such mixing is undesirable since it reducesas well as major variables, which affect the process performance.
Generally, adsorption equilibrium, external and internal mass trans-
fers, and hydrodynamics are needed to simulate the adsorption and
desorption behavior in a fixed-bed column.
Figs. 3 and 4 show the single-species breakthrough curves of or-
XAD-16 ganic solvents (IPA and methanol) and two amino acids (Phe and
Phe Trp IPA Methanol Trp) on XAD-16, respectively. The breakthrough time of Phe is earlier
Langmuir @ 1439 0951 15169 19.041 than that of Trp, because the affinity of Phe is less than that of Trp.
b 0021 0.164 0.0019 4.3E-4 Fig. 5 shows the effect'of the bed length on the adsorption of Phe
on XAD-16. The experimental results show that the breakthrough
E (%) 7.600 3.710 579 1.840 curve has a sharper shape when a shorter column is used. Gener-
Freundlich k 0.0261 0.129 0.24% 0.0206 '

n 1.0237 1.311 1.87% 1.2213

Table 5. Adsorption isotherm parameters of amino acids and or-
ganic solvents on XAD-16 at 298.15 K

Isotherm

E(%) 44332 6095 1561 1.6857 Table 6. Mass transfer coefficient for Phe and Trp within XAD-
Sips g, 2644 1229 252203 52.21 16at298.15K
b 0009 0123 0001  0.0003 D x10[m*/s]  kx1C[m/s]  Dx10" [m’s]
n 0.947 1.110 1.8489 1.1453 Phe 2.08 7.50 5.82
E (%) 6.587 3.328 1.53% 1.461 Trp 152 2.50 5.16
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Fig. 3. Breakthrough curves of IPA and methanol on XAD-16 (T=
298.15 K, G=10 volume%, v=5.44x10" m/sec and L=0.10

m).
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Fig. 4. Breakthrough curves of Phe and Trp on XAD-16 (T=298.15
K, C,=1 mol/m?®, v=3.99x10* m/sec, and L=0.10 m).

1.2

cIC,

5cm
10 cm
15 cm
Predicted

|ooo

0.0 05 1.0 15 2.0 25 3.0
Time (hr)

Fig. 5. Effect of bed length on experimental results and model pre-
dictions of breakthrough curves on XAD-16 (T=298.15K,
Co=1 mol/m® and v=5.44x 10" m/sec).

1.2
1.0
0.8 |
o
Q o6}
(&)
0.4 A 2.2 mlimin
O 3.0 ml/min
<& 4.0 ml/min
0.2 — Predicted
0.0 &% N N N
0.0 0.5 1.0 1.5 2.0 25 3.0

Time (hr)

Fig. 6. Effect of flow rate on experimental results and model pre-
dictions of breakthrough curves for Phe on XAD-16 (T=
298.15 K, G=1 mol/m?® and L=0.10 m).

ally, this result can be observed when the column length is shortdhrough curves are marginally influenced by initial concentrations
than the zone length. Since the flow rate is also a very importargince the isotherm is aimost linear as shown in Fig. 1.

factor in the column design, its effect should be checked. Fig. 6 shows The success of an adsorption process usually depends on the re-
that the breakthrough appears earlier at higher flow rates. On thgeneration step of the adsorbent from the economic point of view.
other hand, the breakthrough curves are steeper at higher flow ratd®egeneration of the adsorbed solute from the adsorbent has been
In general, if the flow rate is decreased or the bed length increasedccomplished by one of two general methods. One is to change a
the breakthrough curve becomes steeper. However, the results ophysical operating condition, namely temperature, of the adsorber,
tained here show contrary tendencies, which can be explained byhich affects the equilibrium interaction between the adsorbent and
two reasons: the almost linear single component adsorption isotherithe solute. The other is to perform a chemical reaction in the ad-
and the film mass transfer controlling. Fig. 7 also shows that breaksorber to change the nature of the adsorbed component so it can be
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Fig. 7. Effect of initial concentration on experimental results and
model predictions of breakthrough curves for Phe on XAD-

16 (T=298.15 K,v=5.44x10" m/sec and L=0.10 m).

desorbed and removed from the system readily. In general, thet
are many regeneration techniques such as thermal, steam, acid, bz
and solvent regenerations. The choice of a certain regeneration met
od will depend upon the physical and chemical characteristics o
both the adsorbate and the adsorbent. For nonionic polymeric adsc 0. . 2.0

nents adsorbed are very soluble in the solvent and the solvating force
is much greater than the physical adsorptive force holding the ad-
sorbate onto the resin. Most solvents are adsorbed by polymeric
adsorbents and in many cases they penetrate the gel phase of the
polymeric matrix. This results in the solvent displacement of the
component adsorbed in the resin. In this study, IPA and methanol
were used as a desorbate for amino acids.

Figs. 8 and 9 show the adsorption and desorption breakthrough
curves to check the effect of IPA and methanol on them. As the con-

Predicted

25 -
O Adsorption !

20 L ® Des. (10% MeOH) .
O Des. (5% MeOH) '

— L]

cIc,

bents, the solvent regeneration technique has been known to be < Time (hr)

perior to other methods since the attractive forces binding the solul-ﬁi

9. Effect of methanol concentration on adsorption and desorp-

to the resin surface are physical in nature. The solvent regeneration tion breakthrough curves for Phe on XAD-16 (G=6 mol/

of polymeric adsorbents is particularly effective when the compo-

3.0 T
‘e
1
25 F O Adsorption :
O Des. (5% IPA) |
® Des. (10% IPA)
20 F — Predicted
o
Q 15
(@]
1.0
0.5
0.0C
0.0 1.0 2.0 3.0 4.0
Time (hr)

5.0

Fig. 8. Effect of IPA concentration on desorption breakthrough
curves for Phe on XAD-16 (G=6 mol/n?, v=3.99x10" m/

sec and L=0.10 m).

m?, v=3.99x10" m/sec and L=0.10 m).

4.0
O Water
A IPA(10%)
30 r O MeOH (10%)
A — Predicted

CIC,

Timé (hr)

Fig. 10. Effect of organic solvents on desorption breakthrough
curves for Phe on XAD-16 (G=6 mol/m®, pH=5.30,
v=3.99x10" m/sec and L=0.10 m).
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8.0 1.4
12 F OOO P O o
X Water ©o S
6.0 A IPA(10%) 10 p
X MeOH (10%)
= Predicted
. 08F
o 8]
S O
06 |
04T o O Phe
O Trp
0.2 = Predicted
i 00 : . .
0.0 0 1 2 3 4 5 6
0.0 1.0 2.0 3.0 4.0 Time (hr)
Time (hr)
) ) ] Fig. 12. Prediction and experimental results of binary break-
Fig. 11. Effect of organic solvents on desorption breakthrough through curves of Phe/Trp on XAD-16 (G,=3 molin?’, C,,,
curves for Trp on XAD-16 (G,=1 mol/n, pH=5.30,v=4.54 =1.5 mol/nt v=4.54x10* m/sec and L=0.10 m).

x10* m/sec and L=0.10 m).

were investigated in a fixed bed column under various operating

centrations of IPA and methanol in the regeneration solution increasepnditions such as concentration, flow rate, and column length. Pure
the overshoot in the desorption curve becomes higher and desorpemponent adsorption equilibrium data of amino acids and organic
tion occurs quickly. Also, removal efficiency of Trp is greater than solvents were fitted with three well-known isotherms. In particular,
that of Phe under the same experimental conditions. If the excessis known that the Langmuir equation fits all single component
amount of IPA does not cause trouble in the further process to selata reasonably well. The desorption of amino acids from the resin
arate amino acids from the mixture with IPA, a higher concentra-by using IPA and methanol was described reasonably by a com-
tion of IPA may be used to perform the regeneration step more efpetitive adsorption model, the ideal adsorbed solution theory based
fectively. The high regeneration efficiency of IPA results from the on the Langmuir equation as single component isotherms.
contribution of solubility and affinity differences. According to the column experiments, the breakthrough of amino

Figs. 10 and 11 show the comparison of the same concentratioacids appeared earlier but became steeper at high flow rates. On
of organic solvents in desorption. The predicted breakthrough curvethe other hand, the breakthrough curves were not so influenced by
were obtained by using the proposed model, without any adjustinitial concentrations. These imply that the results obtained here
ment of model parameters. Each figure shows an adsorption breakhow contrary tendencies, compared to general cases. The reasons
through curve and three desorption curves obtained with 10% aquéder this result seem to be that adsorption isotherms are almost linear
ous solutions of IPA and methanol and with only deionized water,and the fim mass transfer controls the mass transport. Furthermore,
respectively. The effect of IPA on desorption is better than that othe proposed simple dynamic model successfully simulated exper-
other desorbates because the adsorption affinity is very high. Eveimental adsorption and desorption breakthrough behavior of Phe
when pure water without IPA was introduced into the column, aminoand Trp under various operating conditions. Therefore, it could be
acids were desorbed quite well but it took longer. It should be notedoncluded that the proposed model can be used for the design of a
that when one uses an organic solvent to regenerate the adsorberyclic operation that employs a column charged with polymeric ad-
additional cost will be required to separate the mixture of aminosorbents. In addition, it was found that the cyclic separation meth-
acids and IPA in the next step. Finally, we measured binary breaked using the polymeric resin could be a promising technique for
through curves of Phe and Trp in the XAD-16 column as shown inthis purpose.
Fig. 12 and predicted the corresponding theoretical breakthrough

curves for comparison. According to the result, it seems that the ACKNOWLEDGMENT
simple dynamic model suggested here works reasonably well for
binary systems. This work was supported by Chonnam National University under

the program of 2000-sabbatical-year for H. Moon.
CONCLUDING REMARKS
NOMENCLATURE
As a separation and purification method for amino acids dis-
solved in aqueous solutions, the adsorption and desorption behaxS : collocation coefficient of the first derivative for particles
iors of amino acids on a nonionic polymeric adsorbent, XAD-16, []
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AF : collocation coefficient of the first derivative for the column Sc  : Schmidt number
[] Sh : Sherwood number
BS : collocation coefficient of the second derivative for particles
[] REFERENCES
BF : collocation coefficient of the second derivative for the col-
umn [-] Carta, G., Saunders, M. S., DeCarli, J. P. and Vierow, J. B., “Dynamics
b : Langmuir or Sips constant [mofm of Fixed-bed Separations of Amino Acids by lon Exchaki@hE
C :concentration in the fluid phase [mof]m Symp. Ser84, 54 (1998).
C, :concentration in equilibrium with the adsorbed phase [mol/ Costa, C. and Rodrigues, A. E., “Design of Cyclic Fixed Bed Adsorp-
m’] tion Process. Part I. Phenol Adsorption on Polymeric Adsorbents;
D :column diameter [m] AIChE J, 31, 1645 (1985).
D, :axial dispersion coefficient [ffs] Diez, S., Leitao, A., Ferreira, L. and Rodrigues, A., “Adsorption of Phe-
D, :molecular diffusion coefficient [ffs] nylalanine onto Polymeric Resins: Equilibrium, Kinetics and Oper-
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