
SELECTIVE SEPARATION OF TARGET SPECIES BY MEANS OF 
INNOVATIVE ION EXCHANGE PROCESSES 

Wolfgang H. HOLL. Matthias FRANZREB 

Forschungszentrum Karlsruhe, Institute for Functional Interfaces 
PO Box 3640, 76021 Karlsruhe, Germany 

Separation of components from various kinds of mixtures is a common task 
in the treatment of aqueous solutions. Different physical and chemical processes can 
be applied, among them precipitation, membrane and sorption processes. Separation 
is relatively simple at higher concentrations, however, becomes difficult if the target 
species are present only at trace concentration levels. At such conditions an efficient 
separation is only possible using sorption processes, furthermore, selective sorbents 
are required which possess particular surface properties and, therefore, make use of 
specific interactions with target species. Sorbents of conventional particle size can 
be applied. However, due to the small concentrations, the rate of sorption is slow. 
This can be overcome by applying microparticle sorbents which have a much larger 
specific surface area. The technical problem of their separation from the liquid phase 
can be solved by using magnetic microparticles. Examples of selective sorption of 
target species by means of both kinds of sorbents are i) the removal of hazardous 
inorganic contaminants (heavy metals) from drinking water and ii) the recovery of 
proteins from biological solutions in biotechnology. 

In drinking water treatment heavy metals may be found in raw waters 
(ground water and surface water) due to geological reasons, because of mining 
activities, due to the discharge of waste water or the leaching of solid waste [1]. 
Relevant metal contaminants are mercury, cadmium, arsenic, nickel, uranium, and 
chromium; Corresponding to the local situation further metals causing undesirable 
effects (copper, cobalt, molybdenum, barium, selenium, antimony) may be 
encountered in relevant concentrations. The speciation of these metals depends on 
the composition of the aqueous phase and may be comprised of free cations, 
inorganic complexes, complexes with natural organic substances or complexes with 
strong complexing agents. E.g., mercury can be present in a number of forms 
including elemental mercury, divalent mercury and methyl mercury. Divalent 
transition metals occur as cations Me2+ but also as complexes with different ligands. 
Chromium is usually present as monovalent oxide anions, and uranium forms stable 
complexes with carbonate ions and is present as carbonato complex species [2]. 

The low process yields and high costs, observed in the manufacture of many 
of today's approved biopharmaceuticals, are direct consequences of the conventional 
practice of using large numbers of discrete unit operations placed one after the other, 
with each performing just a single or limited number of function(s). In order to 
reduce the number of purification steps required, the application of functionalised 
magnetic adsorbent particles, e.g. magnetic micro ion exchangers, in combination 
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with magnetic separation techniques has received considerable attention in recent 
years. The magnetically responsive nature of such adsorbent particles permits their 
selective manipulation and separation in the presence of other suspended solids. This 
makes it possible to recover an adsorbent loaded with target species, e.g. proteins or 
peptides, from crude biological process liquors containing suspended solids and 
fouling materials (e.g. whole blood, milk, fermentation broths and cell disruptates), 
thereby eliminating the several stages of pretreatment that are normally necessary 
prior to application to packed bed adsorption chromatography columns [3,4]. 

Elimination of traces of divalent transition metals from raw waters is possible 
by means of weakly basic anion exchangers in their free base form. In this state, 
nitrogen atoms possess a free electron pair, and, as a consequence, Lewis acids 
(transition metal species) are sorbed. Electroneutrality is maintained by the 
simultaneous adsorption of an equivalent amount of anions. Using a metal sulphate, 
MeS04, as an example, the service cycle can be written as [1]: 

R-NH2+Me2+ +SC%- o R-NH2(Me2\SOf- ) (1) 

R designates the resin matrix; overbarred symbols refer to the resin phase. 
The metal can be almost any divalent transition metal, however, not calcium, 
magnesium or sodium. Thus, the main components of the water are excluded 
resulting in a selective elimination. 

Protons are strongly preferred over heavy metal species. Therefore the process 
always develops as a competitive sorption of metal salts and the respective acid [5]. 
Figure 1 shows the influence of pH on the sorption of different metal species. 
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Fig. 1. Amounts of metals sorbed onto the commercially available exchanger 
Purolite A 109 in dimensionless form [5] 

Weakly basic anion exchangers also allow a selective removal of a spectrum 
of oxy anions. This is due to the protonation of amino groups even a neutral pH and 

49 



to the strong preference of e.g. chromate and also U02(C03)2
2" over sulphate [1, 2]. 

Elimination of chromate, therefore, develops as: 

R=(N(R)2»H20)2+(CrCt ) o R=(NH(R)+
2)2(CrCt ) + 20H~ (2) 

Elimination of uranium species follows the same principle: 

o R = (N(R')2)
2

2
+U02(C03)

2
2- 20H R = (N(R)2)2.H20 + U02(C03y2 

(3) 
The efficiency has well been demonstrated in laboratory and pilot scale 

experiments [4, 5]. 
As an example for the potential application of magnetic micro adsorbents 

bioproduct recovery using magnetic micro ion exchangers (MMIX) and the 
technique of high-gradient magnetic separation (HGMS) was investigated with the 
recovery of lactoferrin from crude whey being chosen as a model system. The first 
step of the design of the separation process was the optimisation of binding and 
elution conditions for the target protein on the millilitre scale. Secondly, the 
magnetic filter used for particle separation was characterised by breakthrough 
studies. On the basis of the results of these pre-studies, a separation process for the 
recovery of lactoferrin was designed, which consisted of: (i) binding of the target 
protein to MMIX particles in a batch reactor, (ii) recovery of the loaded MMIX 
particles from whey using high-gradient magnetic separation, (iii) washing of the 
MMIX particles to remove loosely bound solids, (iv) elution of the target protein. 
The results of a typical separation run including the steps (i) to (iv) is are displayed 
in Figure 2. 

volume (ml) 

Fig. 2. Effluent concentrations of lactoferrin and total protein in case of an isolation 
of lactoferrin from whey by MMIX particles, particle concentration 5 g l"1. o protein, 

• lactoferrin. 
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The appearance of lactoferrin in the flow through of the magnetic separator shows 
that, because of the batch character of the binding step, it was not possible to 
completely bind the total amount of lactoferrin present in the whey. Furthermore, 
the drop of the lactoferrin concentration at the end of 'whey discharge' and the 
increase of lactoferrin concentration at the end of the washing step indicates a 
significant backmixing in the system. However, despite from these drawbacks which 
are caused by replacing a column process by a batch process, a comparison of the 
the total protein and lactoferrin concentrations shows clearly, that a good 
purification of the target protein could be achieved with an average purification 
factor of 18.6 [6]. 
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