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TABLE I

INFLUENCE OF THE DIMENSIONLESS GROUPS (Pe, B, k A AND k B) ON THE PRODUCT LOSS
(w), THE TOTAL PROCESS TIME (0'0')'THE USE OF THE CAPACITY OFTHECOLUMN (Q) AND
THE OVERALL PRODUCTIVITY (Pr) OBTAINED BY THE PARTIAL LOADING APPROACH
(Z:, Z;, AND Z~) AND BY TRADITIONAL PROCEDURE (BTC)

Parameters of the model Simulation results

IIPe B k A k B Z· W ()tol Q Pr

0 16.64 9.38 0.232 Z; = 0.70 0 22.7 0.74 3.03
Z;, = 0.70 0 22.7 0.74 3.03
Z~ = 0.80 0.08 24.5 0.81 2.83
(BTC) 0.87 0.16 26 0.81 2.45

0.1 16.64 9.38 0.232 Z; = 0.45 0 22.6 0.75 2.99
Z· = 050 0.03 23.5 0.79 3.03Pr .

Z~ = 0.60 0.11 25 0.81 2.63
(BTC) 0.60 0.11 25 0.81 2.63

0.1 83.2 9.38 0.232 Z;, = 0.58 0 80.2 0.85 4.95
Z: = 0.60 0 82 0.87 4.92
(BTC) 0.62 0.02 84 0.88 4.72
Z~ = 0.70 0.10 91 0.91 4.24

0.1 16.64 46.9 0.232 Z; = 0.57 0 24.9 0.88 3.24
Z;, = 0.57 0 24.9 0.88 3.24
Z~ = 0.62 0.05 25.8 0.91 2.88
(BTC) 0.62 0.05 25.8 0.91 2.88

0.1 16.64 9.38 1.16 Z; = 0.20 0 18 0.47 2.43
Z;, = 0.25 0.02 18.8 0.51 2.48
Z~ = 0.55 0.30 25.5 0.59 1.42
(BTC) 0.55 0.30 25.5 0.59 1.42

the resin, of the product and of the equipment. This can be modified if different relative
costs need to be used. It does allow the concept that the true optimum will differ from
that chosen either on grounds of wastage of product or of resin cost alone. By loading
the column until Z* = 0.70, this criterion is increased by 24% when compared to the
traditional protocol (Table I).

Influence of the Peelet number

IIPe = 0.1 + reference for B, k«. k«
To increase the accuracy of the model, axial dispersion is now accounted for,

using a Peelet number of 10 (lIPe = 0.1). The adsorption wave broadens and the
breaktime is now equal to fifteen compared to sixteen when axial dispersion was
assumed negligible (Table I). The decrease of the break time with decreasing Peelet
number has been also reported by Raghaven and Ruthven [21]. The detection of the
breakthrough at the outlet might correspond to a detection of the adsorption front at
Z* = 0.60.

The traditional method maximises the bound product. It is shown in Table I that
axial dispersion has no influence on the maximum amount of product which can be
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non-specific adsorption and thus a decrease in the maximum capacity of the column. It
may also result in a lower affinity of the remaining active sites for the adsorbate [5,22],
described here as a decrease of k i. The above effects result in a decrease of
productivity. Thus, if the adsorbent needs to be replaced when the productivity falls
below a critical value, this will take longer with the new approach. Therefore, the new
approach permits larger number of cycles in repetitive operation, further increasing
productivity.

CONCLUSIONS

A partial-loading approach has been studied with a model of adsorption
chromatography, the central concept being to stop the adsorption before the
breakthrough is detected at the outlet. The Peclet number, the maximum capacity of
the column, and the kinetic constants have all been assessed with respect to: product
loss, the use of column capacity and productivity. A systematic investigation of the
effects of these parameters has been made using four dimensionless groups: Pe, B, k A

and k«. Compared to the traditional procedure, the new approach allows product
losses to be reduced without important decrease in bound material, hence increasing
the process throughput. By stopping adsorption before all capacity is saturated,
unbound product and also material removed in the upper region of the column during
washing can be readsorbed in the lower regions of the column. The benefits of the
partial-loading approach is most clearly demonstrated when the capacity of the
column is low or when the interaction between the product and the binding site is weak.
Under these conditions the productivity of the process can be increased by 75% using
the partial-loading approach.

SYMBOLS

C

Co

c
cce)

Element of matrix rt.

Heaviside function of eqn. 5
Dimensionless group of eqn. 5
Concentration of product in solution
Initial concentration of product
Dimensionless concentration of product in solution; C = clco
Vector ofliquid-phase dimensionless concentration at time e, ith element
of which refers to the concentration at ith stage of the column
Axial diffusivity
Constant matrix defined in eqn. AI8
BPF parameter matrix defined in eqn. A3
Function defined by eqn. AI3 or A30
Two-dimensional block pulse function defined in eqn. Al
One-dimensional BPF vector for time e
One-dimensional BPF vector for distance z

Unit matrix with order n
Function defined in eqn. A29
Dimensionless group of eqn. 6
Dimensionless group of eqn. 6
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samples [3]. The initial immobilized protein HPLC columns for chiral recognition
were based on bovine serum albumin (BSA) and a-acid glycoprotein (orosomucoid),
as a result of the pioneering work of Allenmark [7] and Hermansson and Eriksson [8],
respectively. Recently, columns based on immobilized human serum albumin [9] and
the glycoprotein, fungal cellulase [10], have been used to resolve enantiomers.

We have extensively evaluated another column with a different immobilized
glycoprotein: ovomucoid. This stationary phase was reported by Miwa and co-work
ers [11,12] to have excellent chiral recognition properties. The advantages of this
ovomucoid protein for chiral HPLC separations include good stability to changes in
temperature, pH, organic solvent composition and antitrypsin activity [13]. To pre
pare a HPLC column, ovomucoid is isolated and purified from chicken eggwhite,
then chemically bound to aminopropyl silica [11]. A column with this ovomucoid
protein (OYM) has been recently commercialized and preliminary studies reported
[14-16].

Distinguishing features of the various chiral columns with immobilized protein
stationary phases are shown in Table I. The second generation al-acid glycoprotein
(AGP) column primarily has been used to resolve basic or cationic enantiomers
[17,18],however, applications for some acidic drugs also have been reported [8]. Most
compounds resolved on the BSA column have been acids[17,18]. The major differ
ences between the ovomucoid and orosomucoid proteins, aside from molecular
weight, is in their isoelectric points. This is a direct consequence of the higher sialic
acid residue content of orosomucoid. In addition, the larger number of disulfide
bridges imparts a more rigid structure to the ovomucoid, which may account for the
exceptional stability of the ovomucoid protein [13]. Table I shows that the physical
characteristics of ovomucoid are intermediate between orosomucoid and BSA. This
suggests that the ovomucoid protein might permit the separation of both acidic and
basic enantiomers.

EXPERIMENTAL

Apparatus
Ovomucoid-based analytical and guard HPLC columns (Ultron ES-OYM, 15

TABLE I

CHARACTERISTICS OF SOME PROTEINS USED AS STATIONARY PHASES FOR CHIRAL
HPLC COLUMNS

Property Orosomucoid [19] Ovomucoid [13]

Molecular 41000 28800
weight

Isoelectric 2.7 3.9-4.5
point

Sialic acid 14 0.3
residues

Disulfide 2 8
bridges

% Carbohydrate 45 30

Bovine serum
albumin [7]

66000

4.7

17
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