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Abstract—Synthesized are hybrid organoinoragnic adsorbents based on organic resins Dowex SBR�P, 
Dowex Marathon II and hydrated oxides Zn(IV), Ti(IV), Sn(IV) and Fe(III). Specific conductivity was 
measured of the specified resins and hybrid organoinorganic adsorbents in the initial form and after 
absorption of ions As(V) from 10–2 M aqueous solution of NaH2AsO4. Introduction of hydrated tin oxide 
increases ionic conductivity of organic resin Dowex SBR�P by 2.5 times. During the conversion to the 
arsenate form the conductivity of hybrid adsorbents changes insufficiently at the adsorption from the solu�
tion with pH 7 and increased by 2–10 times at adsorption from the solution with pH 2. 
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INTRODUCTION

For increasing the efficiency of continuously gradient�controllable processes of target purification of dis�
solved aqueous solutions of valuable or toxic ions important is the synthesis of ion–exchange adsorbents 
ensuring  high mobility of ions being removed at preserving selectivity of absorption [1–3]. Individual and 
complex hydrated compounds based on metal oxide of group IV of the periodic system of elements—MO2 
(M–Zr(IV ), Ti(IV) and Sn (IV)) and hybrid adsorbents on their basis are characterized by selectivity with 
respect to multi�charged cations manifesting affinity to oxygen of surface hydroxyl groups of oxides and also 
with respect to multi�charge anions [4–6]. In this case, as was shown earlier [7], constitutional and adsorbed 
water on the surface of structural fragments of such fragments determines rather high mobility of adsorbed 
ions, good kinetics and reversibility of adsorption.

The objective of the present study is determination of the influence of surface modification of ion–
exchange resins by hydrated oxides (hydr)oxides, oxihydrates) of multivalent metals on conductivity and 
mobility of adsorbed ions As(V).

As is known, arsenic is a natural element and its concentration in natural water is liked with geochemical 
conditions in this case out of two natural forms of this element (trivalent and pentavalent) more spread, haz�
ardous and hardly removable is considered As(III). A rational technological solution of the issue is the removal 
from water of both forms of arsenic and the employment in water treatment of iron compounds in the form of 
salts, oxide granules or zerovalent iron [8]. However, in this case the possibility of regeneration of flirtation 
material, concentration and a repeated use of both arsenic and other toxic or valuable components of aqueous 
solutions is ruled out. A principally new solution is the use of hybrid adsorbents based on hydrated metal oxides 
of group IV of the periodic system of elements—MO2 (M–Zr(IV), Ti(IV) and Sn(IV)) manifesting selectivity 
to multicharged anions [5, 6, 9] determined by the surface charge of spatial tetrahedrons MO6 [10] at preserv�
ing sufficient mobility of adsorbed ions. 

Organic anion–exchangers Dowex SBR�P and Dowex Marathon were chosen as an organic matrix. The 
organic matrix is a carrier for an inorganic component an improves hydrodynamic characteristics of the 
absorption process and desorption; in addition in the case of using anion exchangers it possesses its own 
adsorption capacity with respect to arcenate–ions  [5].

The choice of hydrated oxides (oxihydrates) of multivalent metals as a selective components of hybrid 
adsorbents is determined by their rather high selectivity with respect to arcenate–ions and good kinetic char�
acteristics [4]. The formation of heterovalent complex oxides, as was shown earlier [9], substantially increases 
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mobility of adsorbed ions therefore hybrid adsorbents containing coprecipitated hydroxides Zr(IV)and 
Fe(III), Sn(IV) and Fe(III) were investigated too.

EXPERIMENTAL

The synthesis of hybrid composite materials was carried out according to the sol�gel method from solutions 
of corresponding salts or mixture of salts in the ratio 1 : 1 [5, 6].

The specific surface S and parameters of the porous structure of individual hydrated oxides were calculated 
from the data obtained by the method of thermal desorption of nitrogen (TDA) by means of a device Autp�
sorb�6 (USA). Before measuring adsorption and desorption of nitrogen samples were activated in the nitrogen 
stream at 150–190°C for two hours. The concentration of structurally bound water was determined from deri�
vatogramms taken on a device Derivatograph Q�1500 D Paulik&Paulik (Hungary) in the mode heating stove 
5°C/min.

The determination of the amount of the inorganic component was made according to the standard tech�
nique [12]. For calculating the efficient conductivity in the diluted solution (C = ~ 0) and mobility of adsorbed 
ions the resistance of granules of organic resins and hybrid adsorbents (fractions 0.2–0.5 mm) were measured 
in the frequency range 10–3105 Hz. For this purpose impedance spectra were taken on an electrochemical 
module PGSTAT302N Metrohm Autolab in a cell of a capasitor type with a titanium�platinized electrodes of 
4.8 cm2 each at a distance 0.8 cm in the presence of an equilibrium solution. Dependances of specific conduc�
tivity on the concentration of the equilibrium solution were extrapolated to the Y�axis for obtaining the value 
of the effective conductivity in distilled water modeling a heavily diluted solution.

The value of effective mobility of adsorbed ions   was calculated from the value of conductivity in distilled 
water by conductivity the general equation of electrical conductivity allowing for the contribution of hydroxyl 
ions and hydroxonium ions similar to [7]:

 = κi⋅(z ⋅ F ⋅ Xi ⋅ 0.6)–1,

where κi is specific conductivity of the adsorbent granules after adsorption of arsenate–ions from the 0.01 M 

solution, S⋅m–1; F–is Faraday’s constant, C⋅ mol–1; z = 2—charge of the adsorbing ion; 0.6—the coefficient 
of filling the volume of the solid phase accepted for ball�shaped particles’ Xi—volumetric concentration of 

centers occupied with ions of the given type i, mol⋅m–3 determined as

Xi = A ⋅ p,

where A is a number of absorbed ions, mol ⋅ g–1; p is the bulk density of the adsorbent, g ⋅ cm–3.

RESULTS AND DISCUSSION

Table 1 gives values of the specific surface S, fractions of micropores Vm ⋅ V–1 and also of prevailing (r1) and 
average (r2) radii of some inorganic oxyxydrates.

The specific surface and micropore fractions in the row increase. The charge of individual (hydr) oxides in 
neutral solutions determined by the method of pH�potentiometric titration is close to neutral (the point of the 
zero charge varies from 4 units of the pH in SnO2 to 6–7 units of the pH in ZrO2 and TiO2). According to the 
data of thermogravimetry the content of formula water in individual (hydr)oxides constitutes two or three 
molecules in terms of one structural unit.

Figure 1 show the relationships between the concentration of the inorganic component as part of hybrid 
adsorbents and the number of precipitation cycles.

Table 1. Properties of the surface of inorganic ion–exchange adsorbents

(Hydr)oxide, MO2·nH2O S, m2· g–1 Vm· V–1, %
r1 r2

nm

ZrO2 53 3 2.3 3.8

SnO2 94 28 – –

TiO2 289 80 1.7 2,2

ui

ui
JOURNAL OF WATER CHEMISTRY AND TECHNOLOGY     Vol. 39      No. 4      2017



216 MAL’TSEVA et al.
Attention is drawn to the unequitable degree of interaction between organic and inorganic matrices, which 
is expressed in a decrease of the amount of the introduced inorganic component in the following series of 
oxides: SnO2 > TiO2 > Fe2O3 > ZrO2. This may be related to the difference in the amount of the structural and 
physical adsorption water (the greater amount of it, the less is interaction) and also with the size of particle 
being precipitated.

Analyzing the obtained data one may presume that electrostatic interaction of the organic and inorganic 
matrices plays a substantial role in precipitation of hydroxides in organic resin. The charge of the surface f 
organic resins is positive while by the results of interaction between organic and inorganic matrices one may 
presume that under conditions of precipitation the surface charge of oxides of iron, zirconium and titanium is 
positive while that of tin oxide—most likely is negative according to the provision of the point of the zero 
charge of these oxides [12]. The interaction of the organic and inorganic matrices may be presented as follows: 

R–NH4
+(OH–) + MO–(H3O+) = R–NH4

+MO– + 2H2O.

Dependence of the effective specific conductivity of hybrid adsorbents on the number of inorganic com�
ponent in the initial form is given in Fig. 2. Conductivity of resin Dowex SBR�P constitutes 0.038 S ⋅ m–1.

Fig. 1.  Dependencies of the amount of (hydr)oxides, introduced to anion–exchanger Dowex Marathon 11 (titanium oxide) 
and Dowex SBR�P (all the rest) on the number of precipitation cycles: 1—ZrO2; 2—Fe2O3; 3—TiO2; 4—SnO2.
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Fig. 2. Relationships between specific conductivity of hybrid adsorbents in initial form and the amount of introduced inorganic 
component: 1—ZrO2/Fe 2O3; 2—Fe2O3; 3—SnO2/Fe2O3; 4—SnO2.
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As follows from the obtained data coprecipitation of oxides with different valence does not increase specific 
conductivity of hybrid adsorbents; measured values are comparable with such obtained in precipitation of 
individual oxyhydrates.

By the results of measuring maximum conductivity in wand of organic resins and hybrid adsorbents (see 
Fig. 2) one may come to a conclusion that introduction of (hydr)oxides of multivalent metals in most cases 
diminishes ionic conductivity of organic anion exchangers in the initial form. Similar data were obtained also 
for the particles polymer anion–exchange membrane [13] and also for cation–exchange resin modified by 
aggregates of nanoparticles of zirconium phosphate [14]. Introduction of individual tin oxyhydrate in the 
amount of 23% dose not affect the value of specific conductivity of anion–exchangers Dowex SBR�P and pre�
cipitation of tin oxyhydrate in the amount of 50–53% results in its growth to up 0.1 S ⋅ m–1. Such an increase 
of conductivity can be explained by comparatively large amount of introduced amphoteric oxyhydrate suffi�
cient for the formation of conductivity chains along hydroxyl ions between organic and inorganic

ion–exchangers.
Figure 3 gives fragments of the Nyquist diagram and the equivalent pattern of the impedance of granules 

of hybrid adsorbents in distilled water for conditions: adsorption of  adsorbate–ions from 10–2 M of the solu�
tion NaH2AsO4 (pH 7). In treating experimental data of the impedance by the equivalent pattern shown in 
Fig. 3 the relative error does not exceed 4%.

Indicated Nyquist diagrams show that active resistance of granules being determined by volumetric con�
centration and mobility of adsorbed ions is dissimilar for different adsorbents although at the final calculation 
of specific conductivity other factors, as, for instance, the degree of filling the measuring cell.

Table 2 shows the values of adsorption A, the bulk density p, volumetric concentrating of ions X, specific 

conductivity σ and the effective mobility of adsorbed arsenate�ions  for z = 2 t absorbing from 10–2 M solu�
tion NaH2AsO4(pH 7).

As follows from the obtained data the introduction of the inorganic component to organic anion–exchang�
ers increases the volumetric concentration of arsenate–ions X at absorption from the solution with a relative 
high initial concentration (up to 1 g of arsenate–ions in 1 dm3) and in some cases—even in great measure. 
For instance, the introduction of the inorganic component in the form of tin oxyhydrate makes it possible to 
increase the volumetric concentration of arsenate–ions in the phase of adsorbent by more than two fold. At 
absorbing arsenate–ions from the neutral solution one cannot notice any discernable changes in the value of 
ionic conductivity of adsorbents. It may be preconditioned by comparatively small contribution of arsenate–
ions to the value of conductivity due to nonoptimal conditions of absorption for the inorganic component. To 
increase the contribution of arsenate–ions to the value of ionic conductivity it is necessary to carry out adsorp�

ui

Fig. 3. Dependence of the imaginary part the complex resistance on the real part (Nyquist diagram) (a); the equivalent scheme 
of the impedance of granules of hybrid adsorbents in distilled water (b) for conditions: adsorption of arsenate–ions from the 
solution with the pH 7, potential difference on electrodes—3 V. (a) 1—Dowex SBR�P/SnO2/Fe2O3 20%), 2—Dowex SBR�
P/ SnO2 (51%); (b) Rs—resistance of the solution, R1—resistance of the sorbent granules, C 1—capacity of the double layer.
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tion from the solution with a lower value of the pH. The effective mobility of adsorbed arsenate–ions increases 
maximally at the introduction of titanium–oxyhydrate, which may be explained by high concentration of 
intracrystalline water [8].

*Organic matrix: Dowex Marathon 11.

Figure 4 shows dependencies of the effective conductivity of the arsenate�form o hybrid anion–exchangers 
on the amount of the inorganic component at absorption of arsenate–ions from solutions with the initial value 
of pH 2.

Obtained results confirm the assumption about the dependence of ionic conductivity of hybrid adsorbents 
in the arsenate form on the conditions of ion absorption mainly on the pH value. The maximum of absorption 
of ions by oxyhydrates of metals of group IV is determined by the position of the point of the zero charge and 
the ionic potential of oxideforming metal, but, in any case, it is located in the area of pH values lower than 
neutral ones.

In conclusion it should be added that dissolution and transfer to the water medium of elements of oxides 
is not observed.

Table 2. Adsorption, bulk density, volumetric concentration, effective conductivity of hybrid adsorbents and mobility  
of adsorbed arsenate–ions for z = 2

Adsorbent A, mg·g–1 p, g·cm–3 X, mol·m–3 σ, S·m–1  × 10–9, m2·V–1·s–1

Dowex SBR�P 63 0.69 580 0.011 0.2

ZrO2 (1%) 64 0.71 606 0.038 0.5

ZrO2 (7%) 78 0.75 780 0.009 0.1

SnO2 (23%) 71 0.86 814 0.010 0.1

SnO2 (51%) 79 1.03 1085 0.006 0.1

SnO2 (52%) 82 1.27 1389 0.012 0.1

Fe2O3 (12%) 67 0.74 661 0.017 0.2

TiO2* (10%) 65 0.70 607 0.027 0.4

TiO2* (14%) 72 0.71 682 0.033 0.4

ZrO2/Fe2O3 (6%) 64 0.70 597 0.017 0.2

ZrO2/Fe2O3 (8%) 58 0.71 549 0.015 0.2

SnO2/Fe2O3 (20%) 80 0.81 864 0.013 0.1

ui

Fig. 4. Dependence of conductivity of arsenate form of hybrid anion–exchangers on the amount of inorganic component at 
absorption of arsenate–ions from solutions with the initial value of the pH 2: 1—ZrO2; 2—SnO2/Fe2O2; 3—TiO2; 4—SnO2.
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CONCLUSIONS

Introduction of oxides of multivalent metals into organic resins diminishes ionic conduction of hybrid 
conduction of organic anion–exchangers in the initial form. An exception is hydrated tin oxide whose intro�
duction increases the ionic conductivity of organic resin 2–3 times. Conductivity of arsenate form of hybrid 
adsorbents depends on the pH of the solution, from which the adsorption was conducted: at a decrease of the 
equilibrium value of the pH from 7 to 2 the conductivity of arsenate form of hybrid anions increases 2–10 
times. Obtained results allow us predicting the lowering of power costs on gradient�controllable processes of 
removing arsenate–ions for these conditions. Possessing the property of conduction and high values of mobil�
ity of adsorbed ions, hybrid adsorbents based on oxyhydrates of metals Zn, Sn and Ti at superposition of the 
electric field may be effective in electrodeionization schemes of water purification of arsenic anions.
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