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ABSTRACT 

A numerical scheme is used to describe the operation of isothermal continuous-flow electrophoresis. The model used accounts for the 
effects of diffusion, electroosmosis, and nonuniformities in convection, without the limitations on experimental parameter ranges 
imposed by previous solutions. Results from the numerical scheme are verified by comparison with these limiting case solutions. The 
flexibility of the numerical scheme provides a basic framework for the description of continuous-flow electrophoresis. 

INTRODUCTION 

Along with the growth of biotechnology comes an 
ever increasing need for separation methods for 
analytical, preparative and production scale separa- 
tions. Although electrophoresis has widespread ap- 
plication as an analytical separative tool, its poten- 
tial as a production scale separation method has not 
been realized. Limitations imposed by complex 
convective heat and mass transfer processes and the 
lack of reliable descriptions for these processes have 
hindered development in even the most promising 
equipment in current use. 

Continuous-flow electrophoresis (CFE) [l] is an 
attractive method for the scale-up of electrophore- 
sis, but even it has yet to be described in enough 
detail and in a manner encompassing a sufficiently 
broad range of operating conditions to serve as a 
basis for process design. This deficiency exists, not 
because of a lack of effort in this area, but instead 
because previous work has primarily focused on 
limiting ranges of operating conditions. Although 
the solutions from these prior efforts do provide 
useful insight into the operation of CFE under 
limiting conditions, as indicated in the review in the 
next section, there is a need for a more general 
approach. 

It now appears necessary to use a numerical 
description for the CFE process which not only 
agrees with the limiting case solutions, but also 
provides a solution where these asymptotic solutions 
are inadequate. We begin this process here, using a 
modified form of the method of Biscans et al. [2] to 
explore the analyses for isothermal operation. Ther- 
mal effects, as well as concentration effects, are of 
secondary importance in many applications, and we 
defer consideration of these to a later effort. 

THEORY 

For this development, we will focus on the CFE 
apparatus represented schematically in Fig. 1. The 
apparatus consists of a rectangular flow chamber 
with chamber dimensions such that L >> w >> 2d. 
Carrier electrolyte flows in the axial (x-) direction, 
and an electric field is imposed across the width of 
the chamber, perpendicular to the electrolyte flow. 
The faces of the chamber at y = +d are usually 
cooled. The sample is introduced into the chamber 
at the upstream end, and the trajectory of each 
sample component is determined by the vector sum 
of the species-dependent motion (electrophoresis) 
and the nonselective fluid motion (axial buffer flow 
and electroosmotic flow). Spatial variations exist in 
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