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Abstract 
The description of some adsorption properties and behaviour of oxycellulose with Fe2+ ions is 
presented. Filter media from oxycelluloses materials have enormous sorption activity. There is 
described a sorption mechanism of poly 1,4-β-D anhydroglucuronic acid (PAGA). Utilisation of 
UV-VIS spectroscopy is shown on the adsorption process of optimalisation of oxycelluloses appli-
cation. Supporting influence is demonstrated on the adsorption isotherms of Fe2+ ions in the com-
petitive environment of NaCl, MgCl2. 
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1. Introduction 
Water filtration was long viewed as merely a mechanical process [1]. To function as a filter, the filter media 
must allow the fluid, commonly water or aqueous systems, flows through, while holding back particulate con-
taminants [1]. 

Adsorption characteristics of polysaccharides, cellulose and its derivatives including oxycellulose in relation 
to cations, particularly [2] heavy metals, have drawn more and more attention recently. Their knowledge is im-
portant in the field of purification and treatment of water as well as from the medical point of view, because es-
pecially ferrum plays an important role in metabolism of animals and humans [3]-[5]. 

Natural oxycelluloses in wet state are heterogeneous highly hydrated substances (hydrogels of various space 
concentrations). In its purest form they have the same chemical composition, but different sizes of molecules 
and representations of COOH groups organized into complex of supramolecular structure. Moreover, oxycellu-
lose prepared from natural cellulose keeps to a short extent also its hypermolecular structure having a complex 
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morphology of their cell-walls [3]. 

The whole adsorption process is getting complex indeed, as several parallel reactions are taking place [6] [7]: 

 an adsorption itself, which is the reaction of the superficial groups with the sorbing substances in the inter-
face of the highly hydrated cellulose fibres; 

 an reaction of the sorbing substances with the molecules and microgel dissolved particles of cellulose di-
rectly in the solution. 

These competing interactions complicate the whole adsorption process and influence of its course. 
The entire adsorption process depends on the composition and properties of the used cellulose. For example, 

oxycellulose contains high amount of high-molecular PAGA of high DP and with high amount of COOH groups 
which are difficult to release into aqueous solution. The adsorption isotherm is then of a sigmoidal form, it is 
high and it has short initial phase. On the contrary, oxycellulose with the same composition and level of substi-
tution but with a low DP with high polydispersity characterized by high solubility has longer initial phase and 
smaller both the adsorption capacity and slope of the adsorption curve. This implies that at comparable condi-
tions, which means affinity and concentration of molecules of sorbent at its interface with the solution and in the 
solution itself, the reactions in the solution will be preferred because due to stirring these reactions take place 
easier and more uniformly. Only after their depletion a proper adsorption process will be followed. The slope of 
the true adsorption isotherm depends on the solubility of oxycellulose particles which have different affinity to-
wards the molecules and hydrated nano-particles of sorbing substances. If the particles with high affinity to-
wards the sorbing substances are released into the solution then the slope of the adsorption isotherm will be 
slight and vice-versa [3]. 

However, it is more complicated with the height of the adsorption isotherm which defines the adsorption ca-
pacity of the sorbent. It depends not only on the affinity of the sorbent towards the molecules and nano-particles 
of the sorbing substances but it is mainly defined by the concentration and accessibility of adsorption centres [3]. 
It is higher at more spongy structures developed by an erosive process of leaching of originally compact hy-
drogel substance of cellulose in amorphous and gradually even crystallinic oriented areas and their ability to in-
duce their following interactions leading to superficial flocculation [8]. Hence, if fractions with high affinity to-
wards the sorbing substances are dissolved from the oxycelullose whereas the remaning available sorption cen-
tres will be either of high concentration or will have high competence to provoke superficial flocculation of 
nano-particles of these ones then the adsorption capacity of oxycellulose will be high. Vice-versa, if the major 
part of all the affinity fractions among them the fractions with comparable or slightly lower affinity towards the 
adsorbable molecules and nano-particles, particularly released from the oxycellulose into the solution and only 
small amount of available fractions with the high affinity remains then the true adsorption isotherm will have 
steep slope but low adsorption capacity. Logically, all these processes are influenced by presence of other ions, 
i.e. by composition and concentration of electrolyte environment. 

2. TEMPO Oxidation 
Catalytic oxidation using water-soluble and stabile nitroxyl radicals such as 2,2’,6,6’-tetramethylpiperidine- 
1-oxyl (TEMPO) under aqueous conditions has become one of the interesting ways for introduction of func-
tional groups in cellulose [9]. Oxidative conversion of cellulose by the system TEMPO/sodium hypochlorite/ 
potassium bromide was first reported in 1994 [10] and has been the subject of several studies since then [11]- 
[13]. The TEMPO-mediated oxidation was described to cause selective oxidation at C-6 of the anhydroglucose 
units to carboxyl groups via the intermediate carbonyl stage, finally producing water-soluble polyglucuronic 
acids. The nitroxyl radical affects the oxidation from the alcohol to the carbonyl oxidation state, while the 
hypobromite generated in situ from hypochlorite and bromide performs the further oxidation of the carbonyl to 
the carboxylic acid. 

3. Materials and Methods 
3.1. Reagent and Chemicals 
Oxycelluloses were oxidised by nitrate oxidants (HNO3 or N2O4) in Synthesia, Pardubice-Semtin. Two sorts of 
oxycelluloses were applied in the experiments. 
 Oxycellulose DEMI: 19% COOH groups (oxycellulose prepared in de-mineralized water environment). 
 Oxycellulose TEMPO: 3.5% COOH groups, DP 17.1, dissolved component 65% (prepared by TEMPO  
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oxidadion). 

3.2. Preparation of Oxycellulose Suspension 
DEMI and TEMPO oxycellulose suspension was prepared by weighing out of 20 g of air dried oxycellulose 
followed by its dissolution in 1 litre of distilled water. In order to reach better homogenization of fibrous sus-
pension, the oxycellulose DEMI and TEMPO were refined to reach better homogenization of fibrous suspen-
sion. 

Temperature of refined suspensions of oxycellulose has been controlled in order not to achieve 70˚C as the 
higher temperature leads to oxycellulose degradation. 

As the oxycellulose dissolves in water, it is neccessary to keep prepared suspension at least half an hour to 
reach equilibrium and to avoid further dissolution. Thus, the dissolution changes the consistence of fibrous sus-
pension. The composition and structure of used oxycellulose were determined by method of UV-VIS spectros-
copy [14]. 

3.3. Adsorption Experiments 
While stirring continuously using vitreous stirrer (300 revolutions per minute), 50 ml of oxycellulose suspension 
was withdrawn and 10ml of ions solution from each calibration solution was added to it [3]. The mixture was 
intensively stirred up with vitreous stirrer for the period of 5, 10, 15 and 20 minutes at the room temperature, e.g. 
20˚C ± 1˚C. The prepared suspension was filtered through a filter S2 and dried at the temperature of 70˚C. The 
amount of ions in the filtrate was then determined by the means of spectrophotometry. 

3.4. Spectrophotometric Determination of Ferrum 
After reduction of Fe3+ to Fe2+ by hydroxylamine hydrochloride the Fe2+ ions create complex ions with 1,10- 
fenathrolin (fen)-Fe(fen)3 (feroin) of red colour [10]. The colour is almost permanently stabile and its intensity 
does not depend on the pH within the range of 2 - 9 [14] (ε512nm = 11000 dm3∙mol-1∙cm-1). The determination is 
interferred with a large number of ions producing either precipitates or colour adducts with the basic compo-
nents of the system [9]. 

The calibration graph was set up by adding of 16, 18, 20, 22, 24, 26, 28 and 30 ml of standard solution of Fe2+ 

with a pipette into 50 ml graduated flask. The pH of the solution was adjusted by adding of 6.5 ml of 
CH3COONa, 3.5 ml CH3COOH a 2 ml hydroxylamine. Also 5 ml of the solution of 1,10-phenanthroline was 
added. 1 ml of the solution thus contained 39.4 μg Fe [10]. The measurement is performed at the wavelength of 
512 nm [9] against the reference solution (a solution of all chemicals without Fe2+). 

4. Results 
Sorption filtration is a separation process prompting the oxycelluloses to offer new levels of performance in 
nanotechnology [1]. Generally, the filtration processes are controlled by two mechanisms as follows [1]: 

 By mechanical capture of separed particles; 
 By sorption forces between ineracting particles, molecules etc. and walls of pores. 

4.1. Adsorption of Fe2+ in Form of Ferroin on Oxycelluloses in the Distilled Water 
Received results of adsorption experiments with Fe2+ in form of ferroin on oxycelluloses in the distilled water 
are illustrated in Figure 1 and Figure 2. As it results from figures, summarising all of the adsorption isotherms 
of feroin iron on oxycellulose at 5, 10, 15, 20 minutes all these isotherms are shaped sigmoidal varying in size, 
elongation of the initial phase and slope. Practically, for reaction times higher than 5 minutes all the adsorption 
isotherms are similar and time independent. 

Surprisingly, as resulted by comparison the Figure 1 and Figure 2, the oxycellulose with higher content of 
COOH groups has lower adsorption capacity than oxycelllulose of lower COOH content. It is evident; the initial 
phase of the adsorption isotherm has nothing in common with adsorption but is evoked by the reaction of the 
soluble oxycellulose forms with the sorbing substances—in this case represented by Fe2+ ions, as these forms 
tend to have the highest affinity towards these ones. It is understandable as molecules and supramolecular solu-
ble structures (hydrogel micro-particles) with high content of COOH groups have the highest affinity towards  
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Figure 1. Time dependence of sorption isoterms of Fe2+ ions at suspensions 
of TEMPO oxycelullose (3.5% COOH groups) in distilled water. ◊: 5 
minutes, □: 10 minutes, ∆: 15 minutes, ẋ: 20 minutes, 30 :٭ minutes.                             

 

 
Figure 2. Time dependence of sorption isoterms of Fe2+ ions at suspensions 
of DEMI oxycelullose (19% COOH groups) in distilled water. ◊: 5 minutes, 
□: 15 minutes, ∆: 20 minutes.                                                   

 
Fe2+. The high content of COOH groups is responsible for their easy solubility and release from the fibrous cel-
lulose structures into the aqueous environment. 

4.2. Adsorption of Fe2+ on Oxycelluloses in Mixture with Other Substances 
This behaviour was studied in the mixture modeled by the solution of NaCl, MgCl2, CaCO3 and Fe2+ in the fer-
roin form. The results of this competitive adsorption on oxycelluloses are presented in Figure 3 and Figure 4. 
The typical feature of all the isotherms is that they do not start from zero equilibrium level of supernatant but 
they are markedly shifted towards higher concentrations even though higher adsorption effects (approx. two 
times) are observed in comparison with distilled water. This fact practically indicates that on the one hand a 
sorption capacity of cellulose and namely oxycelluloses will increase in the mixture with other competitive ions, 
on the other hand a considerable amount of Fe2+ ions will remain in the solution at its low concentration. Ap-
parently, it seems to be the common manifestation of sorption process in the competitive environment. The pre-
sent ions support adsorption-most probably the analogy of superficial aggregation (surface flocculation) evoked 
by the presence of foreign substances [7]. 

Adsorption behaviour of colloidal particles and metal ions is well described by use of Langmuir Isoterms [10] 
[15]. It is logical that uptake of monovalent cations are much lower than of divalent cations [9]. Affinity of Na+ 
to oxycellulose is nearly zero in presence of divalent cations. However, an even more complication situation 
arises in more diluted solutions (concentration < approximately 10−4 to 10−5 mol/l) in admixture with other 
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Figure 3. Time dependence of sorption isoterms of Fe2+ ions at suspensions of 
DEMI oxycelullose (19% COOH groups) in the competitive environment of 
NaCl/MgCl2/CaCO3. ∆: 10 minutes, □: 15 minutes, ẋ: 30 minutes.                    

 

 
Figure 4. Time dependence of sorption isoterms of Fe2+ ions at suspensions of 
TEMPO oxycelullose (3.5% COOH groups in the competitive environment of 
NaCl/MgCl2/CaCO3. ◊: 5 minutes, □: 10 minutes, ∆: 15 minutes, ẋ: 20 minutes, 
                                                                .minutes 30 :٭

 
substances especially with the colloid activity as Fe(II) or Fe(III) [1]. These competing interactions complicate 
the overall adsorption process and influence its final course. The sorption isotherm displays then a sigmoidal shape 
possessing a longer initial phase followed by a smaller slope and consequent a smaller adsorption capacity. 

5. Discussion 
The initial phase of the adsorption isotherm has nothing in common with adsorption but this is provoked by the 
reaction of the soluble oxycellulose forms with the sorbing substances. The slope of the adsorption isotherm in 
its inflexion point is given by the capacity of the sorbent and the affinity of the sorbing substance. The initial 
linear phase of these isotherms changes with the used oxycelluloses. When we compare the characteristics of the 
oxycelluloses, we can find out that the length of the initial phase is connected with the solubility of the used 
cellulose. The initial part of the adsorption isotherm has no connection with the adsorption itself but it is caused 
by the reaction of soluble forms of cellulose with the sorbing substances for those have the highest affinity. 

The shape and the initial phase of the adsorption isotherm were different for ions in the distilled water and in 
the competitive environment of NaCl, MgCl2. The adsorption isotherms for ions in the competitive environment 
of NaCl, MgCl2 were moved to higher values than adsorption isotherm for ions in distilled water. 
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