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REMOVAL OF Pb (II) IONS FROM WATER SOLUTIONS 

WITH ION EXCHANGE RESINS, OXIDES AND HYBRID 

SORBENTS  

T.V. Maltseva, K. O. Kudelko, E.A. Kolomiets 

V.I. Vernadsky Institute of General and Inorganic Chemistry NAS Ukraine, 

Palladin Ave. 32/34, 03680, Kyiv, Ukraine  

e-mail: maltseva@ionc.kiev.ua 

 

Abstract. The (hydr)oxides with chemical composition Mn0-1M1-0O2·nH2O (M = 

Zr (IV), Ti (IV), Sn (IV),) and predomination of negative surface charge were 

synthesized by sol-gel precipitation. The surface properties of (hydr)oxides were 

characterized by acid-base titration and adsorption/desorption of nitrogen. The 

organic-inorganic hybrid materials with sorption affinity for ions of Pb (II) 

have been obtained by introducing of hydroxides in organic matrix. The value of 

the distribution coefficient of Pb (II) ions on some materials reaches 10
5
 cm

3
·g

-1
.  

Keywords: sorbents, organic-inorganic hybrid, lead ions, distribution coefficient. 

 

Introduction. Man-made sources of lead pollutions include: emissions of 

products formed during high-temperature processes, the exhaust gases of 

internal combustion engines, waste water, mining and processing of metals, 

transportation, abrasion resistance and its dispersion during the operation of 

machines and mechanisms. Only as a result of metallurgical plants the Earth's 

surface annually receives not less than 89 thousand tons, with the exhaust gases 

of about 260 thousand tons. [1]. Most perspective sorbents for heavy metal ions 

removal are inorganic nanoscale materials which can be obtained by sol-gel 

method.  

This research devoted, at first, to a synthesis of individual and double 

inorganic and hybrid organic-inorganic compounds with predetermined surface 

properties and, at second, to their applications in environment, namely, for 

removal heavy metals from diluted water solutions. In literature, there are 

several researches about high selectivity of this group of individual hydroxides 

(Zr (IV), Ti (IV), Sn (IV)) towards toxic multivalent metal ions [2].  The 

addition of individual hydroxides to a proton-donor oxide matrix should obtain 

the materials with predomination of negative surface charge. The affinity of 

such materials to heavy metal ions is expected to be stronger in comparison to 

individual hydrated oxides. In addition, the introduction of “acid” (hydr)oxides 

in organic cation-exchange matrix should result in a high affinity of such hybrid 

materials to multicharged cations. 

 

Experimental. Synthesis. The individual, double (hydr)oxides and hybrid 

organic-inorganic materials were synthesized by sol-gel precipitation with usage 
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of salts and ammonia. The chemical composition of the (hydr)oxides was 

determined by analytical methods. 

Surface area. The nitrogen adsorption/desorption isotherms were measured at 

77.4 K using the “AUTOSORB-NOVA-6” instrument (by Quantachrome ) after 

outgassing the samples at 463 K for 20 h. The surface area was calculated by the 

BET (Brunauer–Emmett–Teller) method. The pore volume and the pore size 

distribution were calculated by the BJH (Barrett-Joyner-Halenda) and DFT 

(density functional theory) methods. 

Adsorption properties.  For adsorption tests, 0.5 g of adsorbents were 

contacted with 50-200 mL of M (II) solutions having different concentrations in 

“Elpan type-375” shaker for 24 h. Adsorption from aqueous solution of 

Pb(NO3)2 was studied in the range of 1·10
-3

-5·10
-2

 M. The samples were filtered 

prior to analysis to determine the concentration of the Pb (II) ions. The initial 

and equilibrium concentration of Pb (II) ions was determined by atomic 

adsorption spectroscopy. Final pH values of the solutions were measured using 

laboratory type pH-meter “I-160 М”. Adsorption capacity (Q) and distribution 

coefficient (Kd) were calculated. 

 

Results and discussion. The surface properties of inorganic individual and 

double (hydr)oxide adsorbents found to be as follow: PZC values in 0.12 M 

KNO3 vary from 3.5 (MnO2·H2O) to 6.3 (TiO2·nH2O); value of the surface area 

is varied from 53 (TiO2·nH2O) to 270 m
2
·g

-1
 (Mn0.4Sn0.6O2·H2O). The pore size 

is between 1.7-2.1 nm and micro pore percent is between 3-80. All inorganic 

adsorbents show predominant cation-adsorptive properties in I-I and II-I salts.  

Figure 1 shows the results of investigation on adsorption of Pb (II) ions. It 

can be concluded from obtained data that several investigated adsorbents can 

remove Pb (II) ions from much diluted solutions.  

 
Fig. 1. Removal of Pb (II) Ions from Pb(NO3)2 Solutions by Oorganic, Inorganic 

and Hybrid Adsorbents (in Logarithmic Coordinates). 
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Table 1 presents distribution coefficient of Pb (II) ions in 0.1-1.0 mg·dm
-3

 

equilibrium solution for all adsorbents which have been studied. 
 

Table 1. Distribution Coefficient of Pb (II) Ions in 0.1-1.0 mg·dm
-3

 Solution 

Adsorbent (·nH2O) Kd ·10
-4

 ±0.5·10
-3

, cm
3
·g

-1
 pH±0,3  

ZrO2 0.5 3.4  
SnO2 0.2 2.2 
TiO2 2.0 4.2 

MnO2 10.0 1.9 
Mn0.4Zn0.6O2 0.9 3.8 
Mn0.4Sn0.6O2 0.8 2.5 
Mn0.4Ti0.6O2 1.0 4.5 
Mn0.7Ti 0.3O2 10.0 4.0 

Dowex HCR-S 7.0 4.8 
Dowex HCR-S+12%SnO2 10.0 3.6 
Dowex HCR-S+44%SnO2 14.0 3.0 
Dowex HCR-S+22%TiO2 12.0 4.3 

 

The most promising adsorptive materials for the removal of Pb (II)ions are 

inorganic adsorbents which are hydrated MnO2, Mn0.7 Ti 0.3O2; hybrid 

adsorbents which are Dowex HCR-S+12%SnO2, Dowex HCR-S+44%SnO2; 

Dowex HCR-S+22%TiO2. 

In the study of the absorption of Pb (II) ions from dilute solutions on the 

organic cation exchanger Dowex HCR-S, the local area of non-exchange 

electrolyte absorption was observed on adsorption isotherm. That is why in spite 

of high values of distribution coefficients which are closed to ones for inorganic 

adsorbents. So that it can be concluded that organic resins are not selective. 

 

Conclusions. The (hydr)oxides with predomination of negative surface 

charge and chemical composition Mn0-1M1-0O2·nH2O, where M = Zr (IV), Ti 

(IV), Sn (IV) were synthesized by sol-gel precipitation. The surface properties 

of (hydr)oxides were characterized by acid-base titration [3] and 

adsorption/desorption of nitrogen. PZC values in 0.12 M KNO3 vary from 3.5 to 

6.3. The value of the surface area is varied from 53 to 260 m
2
·g

-1
 . The pore size 

is between 1.7-2.1 nm and micro pore percent is between 3-80. By introducing 

of (hydr)oxides in  organic matrix, organic-inorganic hybrid materials with a 

sorption affinity for ions of Pb (II) has been obtained. The distribution 

coefficients Kd of Pb (II) ions were calculated from adsorption isotherms. The 

application of such inorganic and organic-inorganic hybrid materials for the 

removal of Pb(II) ions from dilute solutions has showed promising results. The 

most promising adsorptive materials among the adsorbents tested are inorganic 

adsorbents such as hydrated MnO2, Mn0.7 Ti 0.3O2; hybrid adsorbents such as 

Dowex HCR-S+12%SnO2, Dowex HCR-S+44%SnO2; Dowex HCR-

S+22%TiO2. 
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Видалення іонів свинцю з водних розчинів з використанням 

органічих, оксидів та гібридних сорбентів 
Т.В.Мальцева, К.О. Куделко, Е.А. Коломієць 

Інститут загальної та неорганічної хімії ім. В.І. Вернадського НАН України, 

пр. акад. Палладіна, 03142  32/34 Київ, Україна 

e-mail: maltseva@ionc.kiev.ua 

 

Резюме. (Гідр)оксиди з хімічним складом Mn0-1M1-0O2·nH2O (M = Zr (IV),  

Ti (IV), Sn (IV)) та переважно негативним поверхневим зарядом 

синтезовано золь-гель осадженням. За допомогою методів кислотно-

основного титрування та адсорбції/десорбції азоту досліджено 

властивості поверхні (гідр)оксидів. Введення частинок (гідр)оксидів в 

органічну матрицю призвело до отримання органо-неорганічних гібридних 

матеріалів з адсорбційною спорідненістю до іонів Pb(II). Визначено 

значення коефіцієнту розподілу Pb(II) іонів на деяких матеріалах і досягає 

10
5
 см

3
·г

-1
.  

Ключові слова: сорбенти, органо-неорганічні гібридні, іони свинцю, коефіцієнт 

розподілу. 
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