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Summary of the thesis 
This thesis is on preparative chromatography. Traditional chromatography is not an 
efficient process in terms of the use of adsorbent and desorbent; the aim of the 
research performed for this thesis is to make chromatography more efficient. 
 
Chapter 1 gives an introduction to chromatography. It explains that more efficient 
chromatographic processes than the traditional ones are possible. The disadvantage 
of these processes is that they require higher investments and that they are more 
difficult to design and operate. Especially the design requires more knowledge of 
fundamental processes taking place in chromatographic equipment. The larger part 
of this thesis is devoted to this. 
 
In chapter 2 optimized fixed bed and moving bed chromatography are compared. 
Moving bed processes turn out to be one or two orders of magnitude more efficient 
in terms of the use of adsorbent and desorbent. The slower the mass transfer, the 
more can be gained by using moving bed technology. 
The real objective in an optimization process is the economic profit. However this is 
very hard to estimate. A good practical objective function is a compromise of 
minimization of adsorbent use, desorbent use and use of time. 
 
In chapter 3 fundamental aspects of size exclusion chromatography are discussed 
and some measurements are presented. 
Partitioning and diffusion coefficients of proteins in agarose are measured with 
chromatography. In the course of this the whole column process is modeled. 
The partitioning of large spherical molecules between the gel phase and the liquid 
phase is usually described by an equation from Ogston. This equation is improved 
and extended to higher concentrations. The result might be called the available 
volume isotherm. As opposed to other kinds of chromatography, in size exclusion 
chromatography the partition coefficient increases with an increase in the protein 
concentration: at higher protein concentrations relatively more protein adsorbs. 
Gels are fibrous structures and the fibers restrict the diffusion of the molecules in the 
gel. By analyzing data from the literature it was found that rigid fibers hinder 
diffusion more than flexible ones. Also the diffusion of flexible molecules, like 
random polymers, is less restricted than that of rigid molecules, like proteins. An 
equation by Ogston for the degree of the restriction is extended to include these 
three effects.   
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Chapter 4 discusses the equilibrium adsorption of proteins on ion exchangers. The 
pH and ionic strength dependence of the adsorption of bovine serum albumin on Q-
sepharose FF are measured with batch experiments. The pH has an effect on the 
charge of the protein and the charge is the main reason for adsorption of proteins. 
The ionic strength has also an important effect because at higher ionic strengths 
more small ions compete with the proteins for binding sites. A simple adsorption 
mechanism is proposed to describe the effect of these two parameters on the 
adsorption equilibrium. The fitted parameters in this model have realistic values. 
This can make reliable estimations of the adsorption equilibrium possible: based on 
experimental knowledge at one pH the effect of the pH on the adsorption can be 
estimated. However one of the parameters, the binding charge, cannot simply be 
estimated. This parameter is further discussed in chapter 6. 
 
In chapter 5 a new isotherm for the adsorption of large proteins is proposed. 
Existing isotherms are not very satisfying because they do not take different sizes of 
proteins into account. The new isotherm, the available area isotherm, is based on the 
same theoretical considerations as the available volume isotherm discussed in 
chapter 3. It improves our understanding of the fundamentals of protein adsorption 
and it is thermodynamically sounder than existing isotherms.  
 
In chapter 6 the pH and ionic strength dependence of the adsorption of proteins on 
ion exchangers is further discussed. Measurements are done with column 
experiments, with the same materials as in chapter 4. Column experiments give 
results at low protein concentrations: the initial slope of the isotherm is measured. 
The results are compared with the model proposed in chapter 4 and some models 
from the literature. These models from the literature are all based on solutions of the 
Poisson Boltzmann equation. The latter models have the advantage that they are 
more fundamental and have one or two less fit parameters than the mechanistic 
model proposed in chapter 4. But the mechanistic model describes the results better 
and it also holds when the sign of the charge of the protein inverts. A combination of 
the two types of theories might be superior, somehow combining the short range 
(surface-surface) interaction description of the Poisson Boltzmann equation and the 
longer range effect of the net charge of the protein. 
 
In chapter 7 the adsorption rate of the same experimental system as in chapter 4 is 
investigated. Batch adsorption experiments are performed to measure the adsorption 
and desorption rate at several pH values and ionic strengths. Confocal microscopy 
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measurements are performed to study the concentration profile inside an ion 
exchange particle during adsorption. 
The measurements are best described with a model incorporating both surface and 
pore diffusion and with the chemical potential gradient as the driving force for 
diffusion. The surface diffusion coefficients from this model show an inverse 
exponential dependency on the binding strength of the protein on the ion exchanger. 
This dependency can be explained by an activated jump mechanism. The pore 
diffusion coefficient is much lower than that in free solution: this is probably caused 
by a combination of steric and electric exclusion.  
These results can explain the shapes of peaks in gradient elution chromatography. In 
normal elution a peak has a sharp front and a tail, in gradient elution this shape tends 
to invert since the front is extended due to slow mass transfer and the tail is 
compressed due to fast mass transfer 


