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a b s t r a c t 

In the present work, modification of phosphate dolomite was conducted and applied for some bivalent metal 

ions removal. Physico-chemical properties of sorbent were characterized by means of X-ray diffraction (XRD), 

Fourier transform infrared spectroscopy (FTIR), differential-thermal analysis (DTA), thermogravimetric anal- 

ysis (TGA), scanning electron microscopy (SEM) and low temperature adsorption–desorption of nitrogen. 

Sorption properties of modified dolomite for Zn 2 + , Fe 2 + , Cu 2 + , Pb 2 + , Cd 2 + , Ni 2 + and Co 2 + removal were stud- 

ied using model solutions. The highest removal efficiency was observed in pH range from 2 to 5. Among all 

tested metals, highest adsorption capacity of phosphated dolomite was detected towards Co 2 + and Pb 2 + (15 

and 12 mmol g −1 , respectively) and the lowest towards Zn 2 + , Fe 2 + and Cu 2 + (about 8 mmol g −1 ). Adsorption 

isotherms were built for each tested metal ions and were fitted to Langmuir, Freundlich and Redlich–Peterson 

models. 
c © 2014 Elsevier Ltd. All rights reserved. 

Introduction 

It is well known that bivalent metal ions pollution has become 

one of the most serious environmental problems today and elevated 

concentrations have been observed even in the most remote regions 

[ 1 –3 ]. The number of methods such as ion exchange, membrane sep- 

aration, electrolysis, chemical precipitation, and adsorption are used 

for removal metal ions from aqueous solutions [ 4 –8 ]. Due to simplic- 

ity, effectiveness, and low cost adsorption is widely used technology 

for heavy metal ions removal [ 9 ]. As a rule it has been used as the 

main method for metal ions removal at low concentrations, or as a fi- 

nal polishing step. Some natural (dolomite, clay and related minerals, 

i.e., bentonites, montmorillonite, kaolinite [ 10 –14 ]) or synthetic prod- 

ucts (the nanosized metal oxides, metal phosphate, e.g., zirconium or 

hydroxyl apatite [ 15 –17 ]) are known to be good adsorbents for metal 

ions and some of them have excellent ion-exchange properties. How- 

ever, these materials have a low sorption capacity of 1–2 mmol g −1 , 

and they cannot always be used in acidic environments. Thus, there 

is a need for the search for novel highly effective sorbents for metal 

ions. 

It has been demonstrated that calcium and magnesium phos- 

phates of non-apatite structure synthesized from chemical reagents 

have a high sorption properties in processes of some metal ions re- 

moval from aqueous solutions [ 18 ]. As it was reported in [ 19 ], calcium 

and magnesium phosphates were obtained using natural dolomite –

common and low-cost mineral consisting of magnesium and calcium 
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carbonates. However, the obtained Ca −Mg phosphate sorbents were 

examined only towards Pb 2 + ions and their sorption capacity was 

lower than that studied in [ 18 ]. 

The goal of present paper is to improve the method of synthesis 

of Ca −Mg phosphate sorbent using natural dolomite and to study its 

sorption properties towards Zn 

2 + , Fe 2 + , Cu 

2 + , Pb 2 + , Cd 

2 + , Ni 2 + 

and Co 2 + ions. The above mentioned metals were chosen based on 

content of real wastewaters from Zn −Cu mines. 

Experimental 

Preparation of sorbent 

Dolomite from the Ruba deposit (Vitebsk region, Belarus) with the 

following chemical composition (wt.%): SiO 2 1.1, Fe 2 O 3 0.4, Al 2 O 3 0.5, 

CaO 30.3, MgO 20.0, SO 3 0.4, calcinations loss 47.0, K 2 O 0.2, and Na 2 O 

0.1 was used as starting material for sorbent preparation. Ca −Mg 

phosphate was prepared by precipitation from aqueous solution as 

described in detail elsewhere [ 15 ] with several changes. For the syn- 

thesis of sorbent with a high content of calcium and magnesium phos- 

phates and high sorption properties at the level of materials obtained 

in [ 18 ] it was previously suggested to activate the natural dolomite 

by its calcination at 800 ◦C. This will allow to remove organic impu- 

rities contained in the natural dolomite, and also to decompose the 

dolomites to the magnesium oxide and calcium carbonate [ 20 ], which 

will significantly improve its activity in interaction with nitric acid. 

In contrast to previous work, the synthesis was realized by a slow 

controlled titration (5 mL s −1 ), and after total addition of the am- 

monium phosphate solution the suspension was mated during 24 h. 

2213-3437/ $ - see front matter c © 2014 Elsevier Ltd. All rights reserved. 
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Table 1 

Initial concentrations of metals in model solutions. 

Metal Cd 2 + Co 2 + Cu 2 + Fe 2 + Ni 2 + Pb 2 + Zn 2 + 

C (mg L −1 ) 133.7 93.7 94.4 89.5 96.8 2.7 123.1 

Fig. 1. X-ray diffraction patterns of Ca −Mg-phosphate after heating at 65 ◦C (1) 

and after calcination at 1000 ◦C (2). A – Ca 4 Mg 5 (PO 4 ) 6 (PDF No. 11-0231); B –

Ca 2.81 Mg 0.19 (PO 4 ) 2 (PDF No. 70-682); C – Mg 2 P 2 O 7 (PDF No. 72-2042). 

After the aging and washing with distilled water the precipitate of 

Ca −Mg phosphate was rinsed with ethanol. Replacement of intermi- 

cellar liquid (water–ethanol) allows to obtain the sorbent with a more 

developed mesoporous structure, because ethanol has a lower value 

of the surface tension than water. 

Analytical methods 

For elemental composition analysis, sorbent was dissolved in 6 M 

nitric acid. Total calcium and magnesium concentration was de- 

termined using complexometric EDTA-titration ( ± 2%), magnesium 

concentration – by means of atomic-adsorption spectrometer (AAS) 

ontr AA 300 (Germany) ( ± 3%). The concentration of PO 4 
3 − was de- 

fined spectrophotometrically as phosphovanadomolybdate complex 

at λ = 440 nm ( ± 0.4%). Determination of nitrogen and carbon con- 

tent was performed with the elemental analyzer Vario Micro. CHNS 

Mode (Elemetar Analysensysteme GmbH). 

X-ray diffractometer (XRD) DRON-3 using Cu K α radiation (2 Θ
5 −70 ◦) was used for sorbent phase composition measurements. The 

morphology and the particle size of the sorbent were examined us- 

ing a scanning electron microscope (SEM) JEOL-5610 LS (Japan). The 

Fourier transform infrared spectrum (FTIR) of the sample in KBr pellet 

was recorded on Midac Fourier transform infrared field spectrometer 

at room temperature in the range of 400–4000 m 

−1 . 

DTA and TGA were performed by means of derivatograph system 

NETZSCH STA 409 PC / PG, when heated with a speed of 10 ◦/ min from 

20 to 1000 ◦ in air atmosphere. 

The adsorption and texture properties of the sorbent were 

assessed by isotherms of low temperature ( −196 ◦C) physical 

adsorption–desorption of nitrogen, measured by the volumetric 

method on an ASAP 2020 MP surface area and porosity analyzer 

(Micromeritics, US). The surface area of pores per unit mass of the 

solid or the specific surface area was determined by the methods of 

a single point ( A sp ), BET ( A BET ), and Langmuir ( A L ). The single point 

method was used to calculate not only the specific surface area A sp , 

but also the adsorption and desorption volumes ( V sp.ads and V sp.des ) 

of pores and their average adsorption and desorption diameters D ads 

and D des . The cumulative adsorption and desorption volumes V BJHads 

and V BJHdes of pores with diameters in the range 1.7–300 nm, and 

the average adsorption and desorption pore diameters D BJHads and 

D BJHdes were calculated by the Barrett–Joyner–Halenda (BJH) method. 

The differential distribution of the mesopore volume over diameters, 

d V / d log D , was calculated by the Barrett–Joyner–Halenda method. 

The relative error in determining the pore volume was ± 1% for the 

surface area and ± 15% for the pore size. 

Concentrations of metals in samples received during adsorption 

tests were determined by means of inductively coupled plasma opti- 

cal emission spectrometer (ICP-OES) model iCAP 6300 (Thermo Elec- 

tron Corporation, USA). Measurements of pH were carried out by 

means of pH meter 340i ( ± 0.02). 

Adsorption studies and modeling 

Chemicals 

Chemicals used for preparation of model solutions were 

ZnSO 4 ·6H 2 O, FeSO 4 ·7H 2 O, CuSO 4 ·5H 2 O, Pb(NO 3 ) 2 , CdSO 4 , 

NiSO 4 ·6H 2 O, CoSO 4 ·7H 2 O and H 2 SO 4 , which were of analytical 

grade and utilized as purchased from Sigma–Aldrich without further 

purification. HNO 3 (Suprapur, 65%) was purchased from Merck 

Millipore International. Laboratory glassware was washed with 

strong HCl or HNO 3 . For all experiments, Milli-Q water (resistance 

18.2 M � cm 

−1 ) was used. 

Dose of sorbent 

Purpose of this part of study was to determine the optimum dose of 

prepared sorbent for maximum removal of Zn 

2 + , Fe 2 + , Cu 

2 + , Pb 2 + , 
Cd 

2 + , Ni 2 + and Co 2 + from model solutions, initial concentrations 

of model solutions are presented in Table 1 . Therefore, sorbent with 

concentrations in range from 0.5 g L −1 to 10 g L −1 were agitated with 

20 mL of model solution (pH = 2.6) for 24 h using rotary shaker ST15 

(CAT, M.Zipperer GmbH, Staufen, Germany). After that sorbent was 

filtered using 0.45 μm polypropylene syringe filter, concentration of 

metals in solutions was measured with ICP-OES. 

Effect of pH on adsorption of metals 

Influence of pH on the removal of metals using synthesized sorbent 

was studied in pH varying from 1 to 6. For pH adjustment H 2 SO 4 (98%) 

and NaOH (5 M) solutions were used. Concentration of sorbent used in 

these tests was 10 g L −1 , volume of model solution, containing Zn 

2 + , 
Fe 2 + , Cu 

2 + , Pb 2 + , Cd 

2 + , Ni 2 + and Co 2 + was 10 mL and contact time 

was 24 h. 

Study of metal ions sorption in time 

In this study, during which 0.2 g of sorbent was mixed with 20 mL 

of model solution with pH 2.6 was conducted at ambient temperature. 

Concentration of metals was measured in samples taken at desired 

time. 

Adsorption isotherms for one-component systems 

Experiments were conducted at room temperature for 24 h and 

volume of 10 mL of model solution was mixed with 0.1 g of sor- 

bent material. Single component model solutions of Zn 

2 + , Fe 2 + , 
Cu 

2 + , Pb 2 + , Cd 

2 + , Ni 2 + and Co 2 + with initial concentrations ranging 

from 0.1 to 2.0 g L −1 were tested. Data obtained from these exper- 

iments were used for building adsorption equilibrium isotherms in 

accordance with Langmuir, Freundlich and Redlich–Peterson models, 
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Fig. 2. SEM micrographs of Ca −Mg phosphate after heating at 65 ◦C, magnified 1000 × (a) and 2000 × (b). 

Table 2 

Adsorption properties (specific surface area, pore volume and pore diameter) of the sorbent. 

Specific surface area (m 

2 g −1 ) Pore volume (cm 

3 g −1 ) Pore diameter (nm) 

A sp A BET A L V sp ads V sp des V BJH ads V BJH des D sp ads D sp des D BJH ads D BJH des 

49 54 78 0.182 0.238 0.270 0.272 15 19 23 16 

Table 3 

Parameters of isotherms. 

Metal Langmuir Freundlich 

q exp. 

(mmol g −1 ) 

q calc. 

(mmol g −1 ) K L R 2 
q calc. 

(mmol g −1 ) K F n R 2 

Cd 2 + 10.88 6.78 4.23 0.778 9.62 2.30 3.25 0.945 

Co 2 + 15.12 14.19 0.06 0.950 16.68 2.71 3.68 0.961 

Cu 2 + 8.68 7.81 10.07 0.983 9.08 3.30 4.49 0.962 

Fe 2 + 8.37 8.38 2038.14 0.880 8.97 5.49 9.57 0.742 

Ni 2 + 9.35 8.76 0.27 0.944 9.86 2.38 3.47 0.983 

Pb 2 + 12.42 11.49 832.98 0.911 13.13 6.34 8.29 0.704 

Zn 2 + 7.84 7.58 45.48 0.987 8.92 4.08 5.73 0.890 

Metal Redlich–Peterson 

q exp. (mmol g −1 ) q calc. (mmol g −1 ) 

K RP n RP R 2 

Cd 2 + 10.88 9.60 9928.0 0.70 0.944 

Co 2 + 15.12 15.70 1.33 0.81 0.992 

Cu 2 + 8.68 8.49 26.73 0.90 0.998 

Fe 2 + 8.37 7.76 768.24 1.07 0.896 

Ni 2 + 9.35 9.59 6.87 0.77 0.992 

Pb 2 + 12.42 11.81 600.20 1.02 0.915 

Zn 2 + 7.84 7.65 49.22 0.99 0.987 

which are basically used for the description of adsorption of single 

component. All isotherms used in this study are presented below 

[ 21 ]: 

Langmuir: 

q e = 

q m 

K L C e 

1 + K L C e 
(1) 

where q e and C e are the adsorption capacity (mmol g −1 ) and the 

equilibrium concentration of the adsorbate (mmol L −1 ) respectively, 

while q m 

and K L represent the maximum adsorption capacity of ad- 

sorbents (mmol g −1 ) and the energy of the adsorption (L mmol −1 ) 

respectively. 

Freundlich: 

q e = K F C 

1 /n F 
e (2) 

where K F ((mmol g −1 ) / (L mmol −1 ) n F ) and n F are the Freundlich ad- 

sorption constants. 

Redlich–Peterson: 

q e = 

q m 

K RP C e 

1 + ( K RP C e ) 
n RP 

(3) 

where K RP and n RP are the Redlich–Peterson constants. 

Fitting of experimental data with mentioned models were carried 

out using the solver add-in with Microsoft ’ s spreadsheet, Microsoft 

Excel. In order to check accuracy of the experimental data fitting by 

isotherms the coefficient of determination ( R 2 ) presented below was 
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Fig. 3. FTIR spectrum of initial dolomite (a) and Ca −Mg-phosphate after heating at 

65 ◦C (b). 

Fig. 4. DTG (1), DTA (2) and TG (3) curves for initial dolomite (a) and Ca −Mg-phosphate 

sample (b). 

Fig. 5. Isotherms of low-temperature adsorption–desorption of nitrogen in the linear 

form (a) and pore diameter distribution curves d V / d D –D plotted using BJH method (b) 

for the sorbent synthesized. 

Fig. 6. Dependence of metal removal efficiency on concentration of sorbent. 

Fig. 7. Elimination of Zn 2 + , Fe 2 + , Cu 2 + , Pb 2 + , Cd 2 + , Ni 2 + and Co 2 + at various initial 

pH. Contact time 24 h, dose of sorbent 10 g L −1 . 

applied. 

R 

2 = 

Σ( q e ,e xp − q e, exp ) 
2 − Σ( q e ,e xp − q e, calc ) 

2 

Σ( q e ,e xp − q e, exp ) 
2 

(4) 

where q e ,c alc is equilibrium capacity, calculated from isotherm equa- 

tion, q e ,e xp is equilibrium capacity obtained experimentally and q e ,e xp 

is mean value of q e ,e xp . 
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Fig. 8. Dependence of metal removal efficiency on contact time, dose of sorbent 

10 g L −1 , pH of solution was 2.6. 

Results and discussion 

Characterization of material 

Summing up data of elemental analysis, the composi- 

tion of prepared sorbent can be described with formula 

3 Mg 2 (NH 4 ) 1.3 (PO 4 ) 4 (CO 3 ) 0.3 ·6H 2 O. The presence of ammonia groups 

could explain the fact of calcium and magnesium phosphates precip- 

itation performed by ammonia solution. As a result, the obtained sor- 

bent includes the impurities of phase MgNH 4 PO 4 ·6H 2 O (struvite). The 

low content of CO 3 
2 − ions in sorbent confirms the almost complete 

transformation of dolomite to calcium and magnesium phosphates. 

The chemical composition is confirmed by the data of the physico- 

chemical analytical methods. From XRD data it can be seen that sor- 

bent is at amorphous state ( Fig. 1 , curve 1). 

As result of heat treatment of sorbent with formula 

3 Mg 2 (NH 4 ) 1.3 (PO 4 ) 4 (CO 3 ) 0.3 ·6H 2 O at 1000 ◦, phases , and were crys- 

tallized, where and are binary Ca −Mg phosphate with Ca:Mg = 4:5 

and Ca:Mg = 2,81:0.19, respectively, is magnesium pyrophosphate 

– the main product of polymerization of HPO 4 
2 − anion forming after 

the NH 3 removal from struvite ( Fig. 1 , curve 2). 

MgNH 4 PO 4 · 6H 2 O → MgHPO 4 · n H 2 O + NH 3 ↑→ Mg 2 P 2 O 7 + H 2 O (5) 

The low crystallinity and the heterogeneity of composition were 

confirmed using SEM ( Fig. 2 ). The electron micrographs show that 

sorbent consisted of both, little oval particles with average dimen- 

sions around 2–4 μm and their aggregates and small crystals with 

a length of 10–16 μm and diameter of 6 μm. Such crystal form is 

typical for struvite. [ 22 , 23 ] 

Fig. 3 shows FTIR spectrums of initial dolomite and after phos- 

phate. The spectrum of Ca −Mg phosphate sample (3b) contains not 

only the phosphate bands at 570 and 1000 cm 

−1 , but also the bands 

of NH 4 
+ group at 1380, 1435 and 1470 cm 

−1 . The rest bands are 

attributed to hydrogen bonds of water–phosphate or water–NH 4 
+ 

group [ 24 ]. The form of spectrum suggests the amorphous state of 

the sorbent. The phosphate groups have the unresolved bands that 

are typical for a poorly crystalline phosphate phase. The O 3 
2 − group 

has several bands in the same range as NH 4 
+ group but carbonate 

content is very low, therefore, it cannot be observed at FTIR spec- 

trum. 

The DTA, DTG and TG curves for the initial dolomite and obtained 

sample are presented in Fig. 4 . The DTA curve ( Fig. 4 b) shows two 

endothermic peaks at 136 and 145 ◦C and exothermic peaks around 

630 and at 708 ◦C. The DTG curve has additional small peak at 215 ◦C. 

The peaks at 145, 215 and 630 ◦C are attributed to the removal of wa- 

ter, then the removal of the ammonia and the formation of Mg 2 P 2 O 7 , 

respectively [ 24 –26 ]. The peaks at 136 and 708 ◦C correspond to the 

removal of crystal hydrate water and the crystallization of Ca- and 

Mg phosphates [ 27 ]. The phases observed by XRD after heating of the 

sample correspond to thermal analysis data ( Fig. 1 , curve 2). Thus, it 

was established that after thermal treatment sorbent consists of mix- 

ture of Mg 2 P 2 O 7 and two phosphatic phases, such as Ca 4 Mg 5 (PO 4 ) 6 
and Ca 2.81 Mg 0.19 (PO 4 ) 2 . 

The sorption isotherm in Fig. 5 a is mostly type IV and demonstrate 

that the sample belongs to mesoporous structures. The hysteresis 

loop in the isotherms is type N3 according to the IUPAC classification. 

Analysis of the differential curves of the pore diameter distributions 

by the BJH method ( Fig. 5 b) makes it possible to identify a mesoporous 

structure with a predominant pore diameter of 15–20 nm and 2–

4 nm. 

According to the data from Table 2 the mesopore volumes by sin- 

gle point (ads / des) and BJH (ads / des) are 0.182 / 0.238 and 0.270 / 
0.272 cm 

3 g −1 and the specific surface areas by single point, BET and 

Langmuir are 49, 54 and 78 m 

2 g −1 , respectively. The average pore 

diameter calculated by single point and BJH methods are in the range 

15–23 nm. 

Adsorption studies 

Dose of sorbent 

According to Fig. 6 , removal efficiency of Fe 2 + , Pb 2 + and Cu 

2 + is 

higher than 90% at sorbent concentration around 2 g L −1 . The efficient 

removal of Zn 

2 + and Cd 

2 + is reached at sorbent dose 5 g L −1 . The 

removal efficiency of Co 2 + and Ni 2 + is the lowest from all tested 

metals – less than 85%. Taking into account that at concentration of 

sorbent equal to 10 g L −1 removal efficiency of all tested metals was 

the highest, this sorbent dose was chosen as optimum for further 

studies. 

Effect of pH 

Aim of this part of study was to determine optimum pH conditions 

for efficient elimination of all metals presented in model solution. In 

previous paper [ 18 ] it was shown that the removal of bivalent metal 

ions follows complex mechanism which included physical adsorption, 

ion exchange and chemisorption. The polyvalent ions interact with 

Ca −Mg phosphate and obtain compounds with low solubility. It is 

also clear that different pH of initial solutions determines a different 

state of metal ions in solution. 

Results, which are shown in Fig. 7 , suggest that highest removal ef- 

ficiency for all considered metals was observed within pH range from 

2 to 5, which is relatively wide and can be beneficial for the treat- 

ment of different types of wastewaters. Fe 2 + and Pb 2 + adsorption 

had the widest pH range – from 1 to 6 and 1–5.2, respectively. The 

optimal pH value provides the condition for the maximum extraction 

of polyvalent metal ions from solution. The low efficiency of metal 

ions removal at pH < 2 was connected with the increased solubility 

as phosphate-sorbent, and the product of its interaction. 

Study of metal ions sorption in time 

In order to find out required time for achieving equilibrium, this 

study was carried out. Model solution was used for this purpose. 

Samples were taken after 5, 15, 30, 60, 720, 1440 and 2880 min. In 

Fig. 8 removal efficiency of metals depending on sampling time was 

shown. As it can be noticed from this plot, already after 5 min of 

experiment such metals as Cd 

2 + , Cu 

2 + , Fe 2 + , Pb 2 + and Zn 

2 + were 

removed completely. Whereas, sorption of Co 2 + and Ni 2 + was not 

so fast, achieving highest elimination of abovementioned metals after 

2880 min. This fact probably related to ionic radii: the kinetics of metal 

cations slowed with decreases of the ionic radii. 
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Fig. 9. Adsorption isotherms of cations from aqueous solution. Contact time 24 h, dose of sorbent 10 g L −1 , pH of solution 2.6. 
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Adsorption isotherms 

Adsorption isotherms were obtained for each of the following 

metals: Zn 

2 + , Fe 2 + , Cu 

2 + , Pb 2 + , Cd 

2 + , Ni 2 + and Co 2 + at differ- 

ent initial concentrations ( Fig. 9 , curves a, c, and e). All isotherms 

belong to H type according to Giles classification of adsorption on 

solids from liquids. This is a case in which the solute has such high 

affinity that in dilute solutions it is adsorbed completely or till trace 

amount, which are difficult to detect. It was found that adsorption 

affinity towards metal cations increases with the rise of the ionic 

radius. The effect of ionic radii was observed in [ 28 ]. The selectiv- 

ity range of metals for synthesized material can be presented as 

Ni < Co < Zn ̃  Fe ̃  Cu ̃  Cd ̃  Pb at low concentration (100 mg L −1 ) 

from both model aqueous solutions ( Figs. 7 and 8 ). At higher metal 

concentrations, the selectivity range changes and can be shown in 

following form Zn < Fe < Cu < Ni < Cd < Pb < Co. The increasing 

of maximum adsorption of Ni 2 + and Co 2 + could be arised as a sum- 

ming result of the following factors: 1 – the complex composition of 

adsorbent (consisting of three cations and two anions), 2 – different 

forms of finding the ions of these metals in solution; 3 – features of 

the mechanism of interaction of various metal ions with a sorbent; 4 

– different solubility of compound formed as a results of interactions. 

For example, in works [ 29 –31 ] observed hiding of adsorption range 

from directly-proportional of radii either. 

Equilibrium data were fit to Langmuir, Freundlich and Redlich–

Peterson models ( Fig. 9 , curves b, d, and f). As it can be seen from 

Table 3 , experimental data can be described more precisely with 

Redlich–Peterson model for Zn 

2 + , Cu 

2 + , Ni 2 + and Co 2 + . The com- 

plexity of choosing models for cadmium Cd 

2 + , Fe 2 + and Pb 2 + sorp- 

tion by synthesized sorbent arises due to the complex mechanism of 

sorption. 

Conclusion 

The sorption material with high content of calcium and magne- 

sium was synthesized from natural dolomite using the improved 

method. According to results of physico-chemical analysis established 

that composition of prepared sorbent can be described with formula 

3 Mg 2 (NH 4 ) 1.3 (PO 4 ) 4 (CO 3 ) 0.3 ·6H 2 O, sorbent has a low crystallinity and 

developed mesopore structure. 

The adsorption studies showed the high sorption properties to- 

wards Zn 

2 + , Fe 2 + , Cu 

2 + , Pb 2 + , Cd 

2 + , Ni 2 + and Co 2 + ions. The high- 

est removal efficiency of chosen metal ions was observed in pH range 

from 2 to 5 with adsorbent concentration in model solution equal to 

10 mg L −1 . It was established that obtained material has maximum 

adsorption capacity (up to 12–15 mmol g −1 ) towards Co 2 + and Pb 2 + , 
while the adsorption of Co 2 + and Ni 2 + were the slowest among the 

rest cations. Collected data allows to conclude that prepared material 

can be used as an effective adsorbent for divalent metal cations from 

acidic water aqueous solutions. 
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