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summary

A simple method of simulation for preparative liquid chromalography 15 discussed,
The equilirium-dispersive model descrbing the besavior cf elution peaks In
oreparative fiquid chromatography s sofved  numerically by using PDEsolver
Macsyma. (Macsyma Inc., Arington, MA, USA) and simulation results obtained in
overloaded isocratic  chromatography are plotted.  The effects of - sample
concentration and flow velociy on the band profiles of elution peaks are described.




Chromatography Modelling

Modeling of chromatography plays an important role in getting  optimum
experimental conditions. The model allows the calculation of separated
chromatographic peaks taking place in the column under a given set of operational
parameters and predicts proper experimental conditions [1](2],

Equilibrium-dispersive model gives theoretical results that are in fairly good
agreement with experimental results. The main idea of this model iz to assume
rapid equilibrium between mobile and stalionary phases. Besides, all the
contributions to the band broadening can be lumped into a single apparent
dispersion coefficient [3][4].

In arder to simulate the model, we have to rely on numerical methods which
require programming works such as finite diffrencing differential equations as well
as coding the difference eguations into Fortran langguage [5). It is a big burdon
to the experimental chromatographers so that differential equation solvers have been
developed to light the burden of programming 6.



Chromatography system
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Modelling approach

Cascade of ideal stirred tanks:
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Concepts in chromatography
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Transport equations in terms
of PDE
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Model PD

The band profiles were calculated by means of the eguilibrium-dispersive model

of chromatography (7. The mass balance equation in this model is given by

aC, &q, ac: 8:C,
aF TEy tugy =D

(1)

where C; and g; are the concentrations of component ¢ in the mobile and the
stationary phases, respectively: z is the column length, ¢ the time, = the mobile
phase linear velocity, and F the phase ratio, (1-e)/e, where £ is the total porosity
of the column. D,, is the apparent axial dispersion coefficient related to the
column HETP.

For a single component, we have

_ Hu
.Dﬂ_' 2 A 'I:.E::I



In many practical cases, it is cbserved that binary—component adsorption data can
be fitted reasonably well to the competitive Langmuir isotherm:

a;C;

where a and b are numerical coefficients. The limit, g.=a/b, of the stationary phase
concentration at high mobile phase concentration is called the saturation capacity of

the stationary phase [5].

All calculations based on the Egs. (1) to (3} were carned oul by using FUESDIver
Macsyma® (61(7).
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Simulation Chromatogram

n—
N5
ﬁ c=2mMl |
: C=4mh
240 1 - C=EmM
1 § e C=8mM
- 25— -
= |
E 1
= _ Al
|5 2.0 ¥
E 1
o 18- %
=] -
“ 404 1 E
0.5 : % l
. I.I_
i jF .15,“.‘“ I
Dl:l—’:“'#. — T T T
400 00 &40 1000 00 1430

lmaisac)



REFERENCES

1. H. Guan, B. Scott Broyles and G. Guiochon, . of Chromatography A, 734 (1996).

9 W. B. Lin. F. S, Wang and W. C. Lee, Ind. Eng. Chem. Res. 37 (1993).

3. S, Golshan-Shirazi and G. Guicchon, J. of Chromatography A, 658 (1994).

4, B. Lin, Z. Ma, S. Golshan-Shirazi and G. Cuiochon, J. of Chromatography, 500
(1990).

5. A. Felinger and G. Guiochon, J. of Chromatography A, 7596 (1998).

6. G Guiochon, 5. Golshan-Shirazi and A. M. Katti (eds.), Fundamentals of
Preparative and Nonlinear Chromatography, Boston, MA, 1954,

7. |. C. Bellot and J. S. Condoret, Process Biochemistry, 26 (1991).

8 1. H Kim. S. Lee and W. Wharg, ). of Korean |. Biotechnol. Bioeng. 14 (19499).

8, Macsyma Inc., PDEase?D" Reference Manual, Arlington, MA, 1996,

10. 1. H. Kim and |. T. Kim, Korean ]. Chem. Eng., 15 (1998).



Comparison of Macyma Simulation with Caffein
HPLC Experiment

ABSTACT : A simple method of isotherm determination for HPLC is discussed. The equilibrium-dispersive
model describing the behavior of elution peaks in HPLC for single component is solved numerically by using
PDE solver Macsyma?(Macsyma Inc., Arlington, MA, USA) and compared to the experimental data obtained
in overloaded isocratic chromatography with caffeine as model species. The effect of sample concentration and

flow velocity on the band profiles of elution peaks are described.
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Theory
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Theory and
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Comparison
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Table 1. Parameters used in RTD method
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Fig. 1. Chromatograms of experiments at different

concentration of caffeine; mobile phase
flow rate=07 m¢/min., sample loading
amount=20 ¢, wavelength=254 nm.

tr(sec.) to(sec.) F te(sec.) tp(sec.) Nm( 1g)
216 70.98 0.46 210 1.2 0.04
215 70.98 0.46 208 1.2 0.04
214 70.98 0.46 206 1.2 0.04
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values at different concentration of caffeine
with a=444, b=019 of Langmuir isotherm
parameters; mobile phase flow rate=0.7m{
/min.,, sample loading amount=20 ¢,
wavelength=254 nm.
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Fig. 5. Chromatograms of experiments and calcu-

lated at different flow rate of mobile phase
; sample loading amount=20 gxf, wavelength
=254 nm, wavelength=254 nm, mobile phase
flow rate: (1)=08 m¢/min, (2)=0.7 me/min,
(3%=05 mwé/min, (4)=0.4 mé¢/min.
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