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Abstract. Adsorption of strontium ions from aqueous solutions on active carbons CAN-7 and oxidized CAN-8 has 
been studied. It has been found that allure of the adsorption isotherms for both studied active carbons are practically 
identical. Studies have shown that the adsorption isotherms for strontium ions from aqueous solutions are well 
described by the Langmuir and Dubinin-Radushkevich equations, respectively. The surface heterogeneity of activated 
carbons CAN-7 and oxidized CAN-8 has been assessed by using Freundlich equation. 
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Introduction
Moldovan ground waters usually contain various pollutants, and most frequently encountered are hydrogen 

sulphide also ions of iron, manganese, strontium and ammonium (ammonia). When strontium ions are present in 
potable water in concentrations higher than maximum allowable, they slow down the growth in height of children 
and replace the calcium ions from bone, causing various diseases. In some wells the content of strontium ions 
may reach 48 mg/L, a value that exceeds the maximum allowable adopted in European countries (5 mg/L) [1] and 
in Russia (7 mg/L, [2]). Thus, the problem of removing the strontium ions in ground water becomes very important.

There are a series of publications devoted to the study of the processes of strontium ions adsorption from 
aqueous solutions on different carbonaceous adsorbents [3-5]. In these works, the processes of adsorption were studied 
at different temperatures as a function of pH and contact time. A series of isotherms of adsorption of strontium ions 
from aqueous solutions on activated carbons obtained from nuts (pecan) shells have been presented [5], which show not 
only the variation of the maximum values of absorbance as a function of pH, but also the presence of jump, followed 
by a signifi cant increase in adsorption. It is worth mentioning here the recently presented results [6], namely the mass 
spectrum of activated carbon obtained by chemical activation with ortho-phosphoric acid from the shells of pecan nuts 
is conclusive for the presence of various types of functional groups on the surface of carbonaceous adsorbent. 

This paper aims to study the process of adsorption of strontium ions from water on activated carbons obtained 
from vegetable by-products that are subsequently modifi ed in order to assess the possibility of removing the strontium 
ions from the ground water.

Materials and methods
Experimental procedure

Activated carbon CAN-7 was obtained from Greek walnut shells that are waste of the food industry. The 
technology of obtaining this adsorbent includes walnut shells impregnation with ortho-phosphoric acid with further 
heating thereof up to 80ºC and then activation at 460ºC. Activated carbon CAN-8 was obtained from nut shells by 
physico-chemical method. Activation was carried out with water vapour at a temperature of 960ºC. The obtained 
activated carbon was modifi ed via oxidation with 20% nitric acid at a temperature of 80ºC. Quality indices of the initial 
activated carbon CAN-8 were published by us earlier [7]. 
Measurements

Structure parameters of activated carbons CAN-7 and oxidized CAN-8 (CAN-8ox) were determined from 
adsorption-desorption isotherms of nitrogen measured at 1MP Autosorb facility. 

The Fourier Transform Infrared spectroscopic (FTIR) analysis of activated carbon samples was performed 
using the Fourier Transform Infrared Spectrometer (Perkin Elmer FTIR, Spectrum 100, USA). The IR spectra were 
recorded in the wave number range of 4000-400 cm-1. Prior to the FTIR analysis the samples were dried and the dilutions 
in KBr have been used (0.15 wt%) [8]. 

Adsorption isotherms were determined in static conditions at different initial concentrations of strontium 
ions in solution and at the same mass of activated carbon, at temperature of 20ºC. The initial concentration 
of Sr(NO3)2 in model solution was 100 mg/L, pH=6.2. The fraction of activated carbons used in the study 
was 0.8-1.0 mm. The process of strontium ions adsorption on activated carbon has been studied also on real water 
(Calarasi, Republic of Moldova), containing in addition to the Sr2+ ions (9.96 mg/L), also Ca2+ (37 mg/L) and 
Mg2+ (16 mg/L) ions, and pollutants that are often encountered in deep waters. The equilibrium concentrations of 
strontium ions were determined on spectrophotometer AAS-1.
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Results and discussion
Structure parameters, the specifi c surface and pore volume of the activated carbons used in the present study, 

are presented in Table 1. According to presented data, activated carbon CAN-7 has a relatively high proportion both of 
small pores (micropores) and larger sized pores (mesopores).

Adsorption isotherm of strontium ions on the activated carbon CAN-7 is shown in Figure 1. Adsorption 
isotherm presents the specifi c jump registered in the previous studies [5]. The obtained adsorption isotherm is of the 
type VI, according to the classifi cation proposed by Brunauer et al. [9]. Such type of adsorption isotherms is not often 
encountered in literature. Of course, the description of this isotherm by the known patterns can present some diffi culties 
because of the complicated processes occurring at active carbon-solution interface. Here, as a confi rmation, the data 
come from mass spectrometric measurements of activated carbon obtained from the nut shells (pecan) [6], from which 
carbonyl, carboxylic and phenol groups, aromatic bridges, as well as protonated aromatic carbon and aliphatic carbon 
are distinguished on the surface of the studied adsorbent.

Adsorption isotherm of strontium ions on the activated carbon CAN-7 in coordinates of Freundlich equation is 
shown in Figure 2. Presented data (Figure 2) attest a more pronounced deviation of the points from a line at relatively low 
equilibrium concentrations (R=9.1), which obstruct in some degree the precise determination of n index, characterizing 
the heterogeneity of surface of active carbon CAN-7. Nevertheless, n index has been calculated, being equal to 0.65.

Table 1
Structure parameters of activated carbons CAN-7 and oxidized CAN-8ox.

Sample
W01 W02 E01 E02 X01 X02 Vs Vmеso Smеso Ssp

cm3/g kJ/mol nm cm3/g m2/g
CAN-7 0.24 0.16 15.72 6.49 0.64 1.54 0.64 0.24 210 725

CAN-8ox 0.17 0.06 25.08 9.09 0.40 1.10 0.42 0.19 90 650
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Figure 1. Adsorption isotherm of strontium ions on 
the activated carbon CAN-7.

Figure 2. Adsorption isotherm of strontium ions on 
activated carbon CAN-7 in coordinates of

Freundlich equation.

The adsorption isotherm of strontium ions on active carbon CAN-7 in coordinates of Langmuir equation is 
shown in Figure 3. The data presented in Figure 3 show that the process of adsorption of strontium ions can take place 
in active centres, even if the points on the isotherm do not stand strictly on straight line, allowing us to conclude that the 
isotherm depicted in Figure 1 is of Langmuir type.

Figure 4 illustrates the adsorption isotherm for strontium ions on active carbon CAN-7, in coordinates of the 
Dubinin-Serpinschi-1 (DS-1) equation [10]. From Figure 4 it is evident that adsorption of strontium ions occurs not only 
in the centres of adsorption, thereby DS-1 equation does not adequately describe the process.

The obtained results allow us to assume that adsorption of the strontium ions from aqueous solutions occurs 
in the centres of activated carbon CAN-7, both due to ion exchange and other interactions. The mechanism of Cu2+ ions 
interaction with the oxidized surface of the activated carbon has been schematically represented [11]:

>C-H + Cu2+ → >C-H∙ ∙ ∙ Cu2+ (dipole-dipole interaction) Scheme 1

>C-COOH + Cu2+ → >C-COOCu+ + H+                                             Scheme 2
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The same mechanism could be attributed to the adsorption of strontium ions on activated carbon CAN-7. 
Adsorption and diffusion processes of strontium ions in the sorbent’s micropores are discussed by Qadeer et al. [12], 
being schematically represented in Scheme 3. Scheme 4 represents the adsorbed and diffused strontium in microporous 
structure of carbonaceous adsorbent (X) [13].

Sr 2+ + H2O = Sr(OH)+ + H+ Scheme 3

Sr(OH)+ + X = Sr(OH)X  Scheme 4

Sveshnikova et al. specifi ed that Rb+ and Cs+ ions adsorbed on the activated carbon, which was obtained by the 
treatment with orthophosphoric acid, do not desorb after the hydrochloric acid treatment [14]. This is an indication on 
the formation of stable chemical compounds between the mentioned ions and functional groups from the adsorbent’s 
surface, obtained after treatment of activated carbon with orthophosphoric acid.
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Figure 3. Adsorption isotherm of strontium ions on 
active carbon CAN-7, in coordinates of

Langmuir equation.

Figure 4. Adsorption isotherm of strontium ions 
on active carbon CAN-7, 

in coordinates of DS-1 equation.

Figure 5 presents the FTIR spectra of the initial active carbon CAN-7 and of the sample of active carbon with 
adsorbed strontium ions CAN-7-Sr. The absorption band at 1175 cm-1 in the FTIR spectrum of the initial active carbon 
CAN-7 suggests the presence of the phosphates and polyphosphates (P=O and C-O-P groups) on its surface. 

Figure 5. FTIR spectra of initial sample (CAN-7) and sample with adsorbed strontium ions (CAN-7-Sr).
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The FTIR spectra of the initial CAN-8ox active carbon and the sample of active carbon with adsorbed 
strontium ions CAN-8ox-Sr2+ are shown in Figure 6. According to the data provided by Figure 6, we fi nd that the 
oscillation band of C=O groups from -COOH (1733.4 cm-1) in CAN-8ox disappear or is signifi cantly diminished 
after sorption of strontium ions, but in the spectrum become stronger the bands corresponding to symmetrical 
(1384.6 cm-1) and asymmetric (1570.5 cm-1) oscillations of carboxyl ions, by analogy with the data in the published 
works [15]. The oscillation band of the carboxylic groups in the FTIR spectrum of CAN-8ox-Sr2+ sample moves toward 
region of lower frequencies (from 1733.4 cm-1 to 1712.7 cm-1), which proves the ionization of carboxylic groups.

It should be noted, that cationic exchange capacity of active carbon obtained by activation with orthophosphoric 
acid is similar to that of oxidized active carbon containing acid functional groups (carboxylic, lactonic, phenolic) [16]. In 
contrast to the active carbon oxidized with H2O2, HNO3, O3, O2 and air, the active carbon modifi ed with orthophosphoric 
acid does not require an additional step of oxidation, for rendering the ion exchange properties.

Figure 6. FTIR spectra of initial active carbon (CAN-8ox) and of the sample 
with adsorbed strontium ions (CAN-8ox + Sr2+).

It was found that the surface of activated carbon, obtained by treating the starting material with orthophosphoric 
acid, is negatively charged in the range of 1.5-11.0 pH values, as a result of dissociation of functional groups that are 
present on the surface, according to the equation [15]:

QH = Q- + H+

Thus, the cation exchange capacity of the obtained activated carbon in the range of studied pH values was 
higher than that of activated carbon produced from the same raw material and subsequently oxidized. The same authors 
[17] reported on the formation of the complexes of composition 1:2 (Qi)2Cu, as a result of sorption of the Cu2+ ions on the 
surface of the activated carbon obtained by treatment with orthophosphoric acid. It is mentioned, that phosphate groups 
on the surface of the adsorbent bind 90% of all amount of adsorbed Cu2+ ions. 

Perhaps in the case of adsorption of Sr2+ ions from aqueous solutions on CAN-7 active carbon, the adsorption 
process occurs due to the dipole-dipole interaction [10], but also due to the ion exchange. This explains the shape of the 
isotherm (Figure 1) at very low equilibrium concentrations and the infl uence of pH on the adsorption process described 
in literature [5].
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Comparison of the values of adsorption of strontium ions on CAN-8ox and CAN-7 (Figure 7), allowed us 
to establish a big difference in the adsorption capacity of these adsorbents, namely CAN-7 active carbon has a higher 
adsorption capacity than CAN-8ox activated carbon.
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Figure 7. Adsorption isotherms of strontium ions
 on active carbons: (1) CAN-7; (2) CAN-8ox.

The adsorption isotherm of strontium ions from aqueous solutions on CAN-8ox activated carbon is shown in 
Figure 8, in the linear coordinates of Langmuir equation. According to Figure 8, a great deviation of experimental points 
from a straight line (R=0.66) has been attested showing that the adsorption of strontium ions on both CAN-8ox and 
CAN-7 active carbons takes place not only in the active centres.

The adsorption isotherm of strontium ions from aqueous solution on CAN-8ox active carbon is depicted in 
Figure 9, in coordinates of DS-1 equation. From the presented data one can conclude that even if DS-1 equation roughly 
describes the adsorption isotherm for strontium ions on CAN-8ox active carbon, the experimental data points do not sit 
well on a straight line in the coordinates of DS-1 linear equation (R=0.67).
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Figure 8. Adsorption isotherm of strontium ions on 
active carbon CAN-8ox, 

in coordinates of Langmuir equation.

Figure 9. Adsorption isotherm of strontium ions 
carbon CAN-8ox, 

in coordinates of DS-1 equation.

Figure 10 illustrates the adsorption isotherm of strontium ions from aqueous solutions on activated carbon 
CAN-8ox in coordinates of Freundlich equation. From the presented data some variation of data points from a straight 
line is noticed. The index n value is 0.86.

According to the literature data, the heterogeneity of adsorbent surface enhances with the decrease of the value 
of adsorbent surface n index in Freundlich equation [18]. Comparison of the n index values obtained for active carbon 
CAN-7 containing the adsorbed strontium ions (Figure 2) with the data presented in Figure 10, offers a conclusive 
evidence on the higher surface heterogeneity of CAN-7, than that of CAN-8ox activated carbon. This can be explained 
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by the appearance of some new groups, such as P=O and C-O-P, characteristic for phosphates and polyphosphates, on 
the surface of activated carbon CAN-7 obtained by treatment with orthophosphoric acid that increase the heterogeneity 
of the surface of CAN-7 adsorbent.

Figure 11 presents the adsorption isotherm of strontium ions from aqueous solutions on CAN-7 activated 
carbon in coordinates of Dubinin-Radushkevich equation (e-Polanyi potential) Eq.(1):

)11ln(
Ce

RTe (1) 

where e is Polanyi potential;
R - gas constant;
T- temperature;
Ce – equilibrium concentration of strontium ions in solution.
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Figure 10. Adsorption isotherm of strontium ions on 
active carbon CAN-8ox,

in coordinates of Freundlich equation.

Figure 11. Adsorption isotherm of strontium ions on 
activated carbon CAN-7, in coordinates of Dubinin-

Radushkevich equation (e- Polanyi potential). 

The adsorption isotherm of strontium ions from aqueous solutions on activated carbon CAN-7 in coordinates 
of Dubinin-Radushkevich equation (A- differential molar free energy of adsorption, Eq.(2)) is illustrated in Figure 12.

)ln(
Ce
CsRTA

(2) 

where A is differential molar free energy of adsorption;
R - gas constant;
T- temperature;
Ce – equilibrium concentration of strontium ions in solution;
Cs – water solubility of strontium nitrate.

According to the data reported in Figure 12, Dubinin-Radushkevich equation well describes the process 
of strontium ions adsorption on activated carbon CAN-7 only over the equilibrium concentrations range of 
0.016-0.084 mmol/L. The deviation of data points from a straight line demonstrates that in the range of equilibrium 
concentrations 0.084-0.235 mmol/L adsorption of strontium ions occurs in mesopores and in this concentration range 
Dubinin-Radushkevich equation can not be applied. 

Figure 13 depicts the adsorption isotherm of strontium ions from aqueous solutions on CAN-8ox activated 
carbon in coordinates of Dubinin-Radushkevich equation. In accordance with the experimental data included in 
Figure 13, Dubinin-Radushkevich equation well describes the process of strontium ions adsorption on CAN-8ox 
activated carbon. 
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Figure 12. The adsorption isotherm of strontium 
ions on activated carbon CAN-7 in the coordinates of 

Dubinin-Radushkevich equation 
(A- differential molar free energy of adsorption).

Figure 13. The adsorption isotherm of strontium 
ions on activated carbon CAN-8ox in the 

coordinates of Dubinin-Radushkevich equation
(A- differential molar free energy of adsorption).

Figure 14 shows the isotherm of adsorption of strontium ions on CAN-7 activated carbon from real water, 
containing in addition to the Sr2+ ions (9.96 mg/L), also Ca2+ (37 mg/L) and Mg2+ (16 mg/L) ions, and pollutants that are 
often encountered in deep waters.

Figure 14. Adsorption isotherm of strontium ions from real water on activated carbon CAN-7.

The presented data reveal that the activated carbons CAN-7 and CAN-8ox can be successfully employed in 
removing the strontium, calcium and magnesium ions from real water. However, the competitive process of adsorption 
must be taken into account that is in favour of calcium ions, according to the series of adsorption capacity: NH4

+ < Na+ 

< Rb+ < Cs+  < Mg2+ < Cd2+ , Mn2+  < Sr2+  < Ca2+ < Zn2+ , Fe2+ < Ni2+ , Al3+ < Y3+ ≤ Cr3+  ≤ Be2+  < Cu2+  < Fe3+ [15]. Thus, 
in order to effi ciently remove strontium ions in water by the adsorption method, it must not contain calcium ions at all, 
or contain their small amount.

Conclusions
The study of adsorption of strontium ions from aqueous solutions on active carbons CAN-7 and CAN-8ox has 

demonstrated a similarity in allure of the obtained isotherms: both adsorption isotherms have infl ection points.
Dubinin-Radushkevich equation well describes the adsorption of strontium ions from aqueous solutions on 

active carbons CAN-8ox and CAN-7, in the range of equilibrium concentrations 0.016-0.084 mmol/L. 
The process of adsorption of strontium ions from aqueous solutions on activated carbon CAN-7, obtained 

by chemical activation with orthophosphoric acid, takes place due to the interaction of strontium ions with P=O and 
C-O-P groups, with formation of stable compounds, but also by ion exchange.

From the mixture with substantial amounts of calcium and magnesium ions, adsorption of strontium ions from 
water decrease in a certain extent, still remaining considerable.
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