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In this paper the influence of dispersed macromolecules in the process of selective mass transfer through aqueous 
systems was studied in order to apply this knowledge in the design of reactors for industrial wastewater treatments.  
The application of biomass, usually composed of biopolymers production accessible, is currently in great development. 
Particularly, their use in case of retention of heavy metals in liquids. The discovery of these retention phenomena 
provides the foundation of new technologies for remediation and the recovery of these metals. To evaluate the retention 
capacity or the mobility of charged species in TAD (stirred tank batch) and TUB (tubular) reactors, we studied the 
behavior of metal ions in media of different ionic strength with scleroglucan (polar polymer), xanthan (anionic 
polyelectrolyte) and polyoxyethylene (virtually non-polar). The study using anions and cations of varying mass and 
charge in the aforementioned systems, was done by Synchrotron Radiation micro X-Ray Fluorescence (SRμXRF). A 
double cell that allow determining concentrations at different times and positions was designed. 
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Introduction  

Mass transport through dispersed systems of different nature has special meanings in a great variety 

of technologies: preparation of emulsions, gel permeation chromatography, operations of separation 

and filtration, enhanced oil recovery, medicinal and cosmetic production, foods, etc.1-8 

In order to design technological devices for such purposes, it is necessary to have an understanding 

of the transport properties of the species in a given matrix (polymer-solvent).  

The case of heavy metal contamination is a growing problem in recent decades because they can 

become very toxic, which has promoted the search for solutions, and one of them could be their 

capture by the exopolysaccharides (EPS). There are a great number of microbial EPS that can 

interact with metal cations. Additional benefits of these treatments are its public acceptance and the 

possibility to be used with high performance under optimal and controlled conditions.9-12 

The application of biomass, usually composed by production accessible biopolymers, like EPS, is 

currently in great development. Particularly, their use in case of retention of heavy metals in liquids. 

The discovery of these retention phenomena provides the foundation of new technologies for 

remediation and the recovery of these metals.13 

In this paper the influence of dispersed macromolecules in the process of selective mass transfer 

through aqueous systems was studied in order to apply this knowledge in the design of reactors for 

industrial waste water treatments. 



The evaluation of the retention capacity or the mobility of charged species in TAD (stirred tank 

batch) and TUB (tubular) reactors, requires a study of the behavior of metal ions in media of 

different ionic strength (salt load) in systems with Scleroglucan (polar polymer), Xanthan (anionic 

polyelectrolyte) and Polyoxyethylene (virtually non-polar). To assess this study of the transport 

velocity of anions and cations of varying mass and charge through different dispersions of the 

aforementioned polymers, we used the Synchrotron Radiation micro X-Ray Fluorescence 

(SRμXRF) technique and it was designed a double cell that allow determining concentrations at 

different times and positions. 

The classic characterization techniques for these systems are complex, laborious with very high 

detection limits and low sensitivity. In addition, a considerable amount of analyzed sample is 

required. This has been an impediment to realize fast and precise experiences of diffusion in both, 

static and dynamic conditions15,16. X-Ray Microfluorescence is a spectrometric technique with high 

resolution properties that allows the study of dynamic systems and makes it perfect for these 

diffusion experiences that has not been reported previously by other investigators.16 

 

Experimental  

Materials 

The three polymers used in this work were chosen to have the same molecular mass: 4.106Da. 

Scleroglucan (Actigum CS11) was provided by Sanofi BioIndustries (France). It is a glucose 

polysaccharide secreted by the fungus Sclerotium Rolfsii. The chemical structure has been 

characterized as a linear chain of linked β-(1,3)-D-glucopyranosyl units, with a single linked β-

(1,6)-D-glucopyranosyl unit to every third unit of the main chain. It dissolves in water as a rodlike 

triple helix. This neutral glucan has a mean molar mass 4.000.000 Da. Its solutions, even at low 

concentrations, attain a high viscosity and they have a tendency to form ordered phases of the liquid 

crystal type.17 

 

 

 

 

 

 
Figure 1: Scleroglucan monomer unit 

 

Xanthan gum was provided by Sanofi Bio Industries (France). Xanthan primary structure consists 

of regular repeating units; each unit contains five sugars: two glucose units, two mannose units, and 
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one glucuronic acid unit. The main chain of xanthan gum is built up of β-D-glucose units linked 

through the 1- and 4-positions. A three-sugar side chain is linked to the 3-position of every other 

glucose residue in the main chain (Figure 2). About half of the terminal D-mannose residues contain 

a pyruvic acid residue linked to the 4- and 6-positions. The nonterminal D-mannose unit in the side 

chain contains an acetyl group at position 6. Xanthan gum is a powder that dissolves in either hot or 

cold water to produce solutions with high viscosity at low concentration.18 

 

 

 

 

 

 

 

 
Figure 2: Xanthan monomer unit 

 

With the purpose to obtain comparative conclusions, a synthetic linear polymer was used that 

approximately contains half of oxygen atoms that the polysaccharides, the polyoxyethylene (PEO). 

PEO was provided by Aldrich (France), it is a polyether consisting of a linear chain of oxyethyl 

monomer (Figure 3); it is a non-ionic and water soluble macromolecule prepared by polymerization 

of ethylene oxide. With this polymer, the absence of intra or intermolecular hydrogen bonds reduces 

the possibility of cluster formations, so its aqueous solutions are much less complex than the those 

of the previous polymers from the microscopic point of view.  
 

 

 

 n
Figure 3: PEO monomer unit 

 

To obtain the homogeneous dispersions of these polymers a measured mass of the solid was 

vigorously shaken during 24h in high-purity water. The polymeric systems were purified by micro 

filtration and dialysis following a protocol especially tested and described in previous works.19 

 

Intrumentation 

SRμXRF was performed at the D09B–XRF line in the Laboratorio Nacional de Luz Sincrotron, 

Brasil (LNLS). The nominal operation energy of the storage ring is 1.37GeV and the maximum 
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electron beam current is 250mA, with a critical photon energy of 2.08keV. A Be (2x1mm) window 

and a Si(Li) detector with resolution energy of 140eV for 5,9keV (Mn-Ka line) were used. The 

white beam mode was chosen because of the high photons flux intensity is higher than the 

monochromatic beam. The size of the beam was 200× 200 μm.  

The microprobe station installed at the LNLS X-Ray Fluorescence beamline uses two types of set-

ups depending on the required spatial resolution of the experiment. The set-up used in this work 

consists of a set of precision crossed slits giving the possibility of generating microbeams sizes 

between 80μm to 200μm in both vertically and horizontally directions. The fluorescence photons 

are collected with the detector placed at 90º to the incident beam. The SRμXRF setup was designed 

for repeatability and high angular resolution as well as complete translational capacity. Translation 

stages were mechanically conducted to provide translations to the longitudinal axis. The originality 

of the measurements required the design of a special cell to mesure transport properties into this 

type of systems. An improved design alow to study simultaneously two systems (Figure 4).   

 

 

 

 

 

 

 

 
Figure 4: Special cells for the scanning of polymeric systems, a design improved to studing simultaneously two different systems. 

 

The experimental cells were designed to apply the semi-infinite free diffusion method for the 

determination of transport mass coefficients, similar to diffusion coefficients.  

In the method of free diffusion, the volume of solution is considered semi-infinite beginning at an 

interface and extends a length that can be considered infinite in terms of experience: the thickness 

of the zone where the diffusion occurs is much lower that the total thickness of the sample. 

Diffusion occurs as a result of a pulse of concentration at the interface. An adequate solution of 

Fick's equation can be obtained for each boundary condition.20 

The main purpose of the experiments was to obtain the concentration profiles for the metallic ions 

diffusing through the polymeric systems as a function of time (t) and as a function of distance (y) 

from the start point (y=0). For each experiment, 10 μL of a heavy metal salt solutions were 

deposited in the bottom container of the acrylic cell. The upper container was filled with the 

polymer solution. After assembling the cell (t=0),  it was placed in a support of the XRF line. The 
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cell moved through the y axis, perpendicular to the beam, by means of a motorized stage, so that 

specific regions on the surface were irradiated.  

 

For a complete study, samples were scanned five times requiring approximately fifteen minutes 

each and a set of XRF spectra with an acquisition time of 40s each was obtained. The total time for 

the diffusion into the cell was four hours and each experiment gave a collection of one hundred 

spectra. The spectra were analyzed with the software package QXAS-AXIL2005, from IAEA.  

 

Results and Discussion  

Figure 5 show a typical μXRF spectrum obtained from the cell sample.  

 

 

 

 

 

 

 

 

 
Figure 5: Spectrum of a 8000mg/L of PEO solution  with Zn2+ and ZrO2+ as difusing agents. 
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From the quantitative analysis of the set of spectra obtained during each scanning we have plotted 

the corresponding curve of concentration vs position (Figure 6).   
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Figure 6: Concentration of Cu2+ in a 10000mg/L xanthan solution as a function of the point of contact distance, for different times. The full lines are 

the best fit curves with the solution of the Fick’s equation. 
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To get the diffusion coefficient, according to Fick’s second law, the process for unidirectional 

diffusion can be expressed as 

2
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where D is the effective diffusion coefficient independent of the concentration C of the diffusing 

solutes in the gel at distance y at a given time t. 

The initial and boundary conditions were chosen as: 
 

t = 0    C = 0     y > h 
                  C = Co   0 < y < h 

 

The solution of the Fick’s Law was: 
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We used a simplex type method of non-linear fitting with two parameters (h, thickness of the initial 

concentrated solution and D, effective diffusion coefficient) to fit this equation to the experimental 

data of the concentration profiles (full lines in Figure 6). 

This methodology was used to study the transport of Zn2+, ZrO2+, Cu2+, Cr3+ and CrO4
2- solutions 

through the polymeric systems at different ionic strength. 

This work could make a comparison of the retentive capacity of these solutions for the pollutants 

studied. The PEO systems were taken as reference. Figure 7 show a comparative plot of the 

determined parameters (D/DPEO) for each ion in solutions of different polymer concentrations and 

different ionic strengths. 
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Figure 7: Comparison of mass transport parameters between scleroglucan and xanthan systems. 

 

Anais do 10o Congresso Brasileiro de Polímeros – Foz do Iguaçu, PR – Outubro/2009 
 



The retention of ions with positive charge is more importante in xanthan than in scleroglucan 

because the xanthan is a anion polyelectrolite. The exception is ZrO2+ that can be retained through 

steric effects, as well as CrO4
2-. 

 

Conclusion  

The currently cell design avoided convective effects and reduced fluctuations on the concentration 

profiles.  

This methodology using Synchrotron Radiation X-Ray microFluorescence allowed the direct 

experimental observation of the mass transport behaviors of several metals through three different 

polymeric systems and showed significant advantages in relation to other available techniques (UV-

Vis Spectrometry) for investigating the dynamic of these  systems.  

Both theoretical and experimental understanding of ion retention within polymeric systems are 

needed to built a model to predict a best system for each wastewater treatment.  
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