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 Adsorbent materials; CoFe2O4 and CoFe2O4-montmorillonite are prepared for removing 

the Ba2+ and Sr2+ from the produced water via adsorption process. The structural 
characterization of the prepared adsorbent materials are studied by applying different 

techniques high resolution transmission electron microscope (HRTEM), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), N2 adsorption-
desorption isotherms and VSM Magnetic measurement. The adsorption capacity of the 

prepared materials are investigated under the variable experimental condition of; 

contact time, initial adsorbate concentrations solution, adsorption reaction temperature, 
pH and adsorbent amount. Results clarified that an using the solid adsorbent materials 

CoFe2O4, the maximum uptake of Ba2+ and Sr2+ reached 55% and 40%  respectively. 

Improvement in metal uptake is occurred to reach 78.7 % for Ba2+ and 86.3 % for Sr2+ 

on using CoFe2O4-montmorillonite adsorbent material. The adsorption kinetics and 

isotherm model fitting studies demonstrated that data fit well to pseudo second order 

kinetics and Freundlish isotherm model. 
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INTRODUCTION 

 

Produced water is any water that is present in a reservoir with the hydrocarbon resource and is produced to 

the surface with the crude oil or natural gas. Most produced waters are more saline than seawater [1]. Produced 

water has a complex composition, but its constituents can be broadly classified into organic and inorganic 

compounds [2], including dissolved and dispersed oils, grease, heavy metals, radionuclides, treating chemicals, 

formation solids, salts, dissolved gases, scale products, waxes, microorganisms and dissolved oxygen [3-5].  

Produced water is contaminated with higher concentrations of various organic and inorganic substances 

than those found in the environment. These contaminants can cause adverse heath risks such as cardiovascular 

system, respiratory system, gastrointestinal system, and other organs issues if consumed [28]. 

The most commonly found scales within the oil industry are the carbonate and sulfate salts of calcium, 

barium, and strontium, which can be encountered from the reservoir all the way to the surface processing 

equipment [6]. Barium sulfate and strontium scale formation are often, noted, mainly in the tubing of producing 

wells, where this scale can seriously jeopardize oil production. The primary cause of sulfate scaling is the 

mixing of incompatible waters, such as sea water and formation water, for example [7]. Environmental concerns 

and the prospect of beneficial uses have driven research into the treatment of produced water. Current 

conventional treatment technologies are targeted at removal of heavy metals, oil and grease, suspended solids 

and desalination, which often lead to the generation of large volumes of secondary waste.  

As well known, adsorption is reviewed as one of the easiest, safest and most cost-effective physicochemical 

treatment processes in removing heavy metals from aqueous solutions and it has been widely used in effluent 

treatment processes [8]. It seems to be more versatile, effective, and become more viable especially if combined 

with low cost adsorbent [9]. 

Therefore, the objective of this study is the preparation of magnetic CoFe2O4 and CoFe2O4-montmorillonite 

nanocomposite to be used as adsorbent materials for removing the divalent metal cations present in the produced 

water.  



104                                                                       Hager R. Ali et al, 2015 

Advances in Environmental Biology, 9(22) Special 2015, Pages: 103-117 

 

2. Experimental: 

2.1. Materials: 

All chemical reagents are of analytical grade (AR Grade) Cobalt nitrate [Co(NO3)2.6H2O], ferric nitrate 

[Fe(NO3)3.9H2O], strontium nitrate [Sr(NO3)2], Barium chloride [BaCl2.2H2O], sodium carbonate [Na2CO3] and 

sodium hydroxide [NaOH], were purchased from the Sigma Aldrisch. Montmorillonite clay material (from El-

Hammam district Alexandria) was modified by sodium ions were according to the following experimental 

design: 4 wt.% Na2CO3 added to 12 wt.% montmorillonite clay material under vigorous stirring at reaction 

temperature 70 °C for 4 hours. The obtained product washed with Deionized water until carbonate free and then 

subjected to drying at 105 
o
C for overnight. 

 

1.2. Preparation of magnetic CoFe2O4 -montmorillonite nanocomposites: 

Magnetic CoFe2O4 particles are prepared by precipitation method using 10 M NaOH solution added to 

solution containing Co(NO3)2.6H2O and Fe(NO3)3.9H2O with molar ratio 1:2 till pH = 10 under vigorous 

stirring at 25 ± 1 
o
C for 30 min and then at 80 

o
C for 5 h. After cooling, the produced black precipitates are 

separated by magnet, washed thoroughly with water and absolute ethanol to remove any impurities, and then 

dried in an oven at 80 °C for 24 h. The nanocomposite prepared by dispersed the montmorillonite into water-

bearing CoFe2O4 at weight ratio of 3:1 with homogenous sonication prop. By a simple magnet, the produced 

nanocomposite separated from water and dried in an oven at 80 
o
C for 24 h. The prepared cobalt ferrite NPs and 

CoFe2O4-montmorillonite nanocomposites designate as CF and MCF, respectively.  

 

2.3. Structural characterization of the prepared CoFe2O4 and CoFe2O4-montmorillonite:  

The XRD analysis was carried out using Shimadzu XD-1 diffractometer apparatus. The patterns were 

recorded using CuKa radiation (λ = 0.1541 nm) at a rating of 40 KV, 40 mA and 2θ range from 10° to 80° step 

time 0.4 (s). The crystalline phases formed were identified using the international center for diffraction data 

(ICDD) database to determine the composition of the prepared nanostructure adsorbents.  

The morphology of adsorbents was investigated by High resolution transmission electron microscope 

(HRTEM) on Model JEM-200CX, JEOL Japan. A small quantity of the required sample was dispersed in 10 ml 

ethanol then sonicated for 30 min. A few drops of the resulting suspension was placed on a covered copper grid 

and photographed at acceleration rate of 200 KV.  

The FTIR spectrum in the 4000-400 cm
-1

 range was recorded for the prepared samples at room temperature 

by Perkin Elmer (model spectrum one FT-IR spectrometer, USA). Samples were prepared using the standard 

KBr pellets. 

Magnetic measurements were carried out at room temperature using a vibrating sample magnetometer 

(VSM, 735VSM, Model 7410; Lake Shore, Westerville, Ohio, USA) with a maximum magnetic field of 31 kOe. 

The specific surface area was measured from the N2 adsorption-desorption isotherms at liquid nitrogen 

temperature (-196ºC) using Quantachrome Nova 3200 S automates gas sorption apparatus. Prior to such 

measurements all samples were perfectly degassed at 300ºC for six hours and under vacuum pressure 1.3 x 10-3 

Pa. 

 

2.4. Adsorption experiments: 

The batch adsorption experiment was carried out in a thermostatic shaker. Blank samples experiment 

contained deionized water and corresponding prepared nanocomposites are prepared and monitored for the 

duration of the experiment as a control. The variable parameters on the adsorption process are evaluated under 

the following conditions:  

 Contact time, min       15: 180 

 Initial concentration of adsorptive solutions, mg/l     10: 500 

 Temperatures, ᵒC                   25: 70 

 PH of solution                   2: 10 

 Amount of adsorbent, mg                 10: 50 

For each experimental run, prepared samples Ba
2+

 and Sr
2+

 solutions of known concentration are transferred 

into a 50 mL flask, and agitated in a temperature controlled shaker at a constant speed of 200 rpm with a 

required adsorption time at an ambient temperature and at the required pH.  

The concentration of Ba
2+

 and Sr
2+ 

metal ions are determined according to ASTM D 4327 using Dionex IC 

model DX 600 equipped with high capacity columns. 

The adsorption percent and the adsorbed amounts (q) of Ba
2+

 and Sr
2+ 

are calculated according to the 

following equations: 

Adsorption % = 100 x (C0-Ct)/ C0                                                             (1) 

q = (C0-Ce) V/m                                                  (2) 
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Where C0 and Ce are the initial and equilibrium concentrations of metal ions (ppm), V is the volume of 

solution (L), m is the mass of adsorbent (g). All assays were carried out in triplicate and only mean values were 

presented. 

 

RESULTS AND DISCUSSION 

 

3.1. Characterization of the prepared adsorbent materials: 

The X-ray diffraction patterns of cobalt ferrite NPs and CoFe2O4-montmorillonite nanocomposites 

synthesized are represented in Fig. 1. It was found that all the peaks in exhibited sharp diffraction  peaks at 2Ɵ 

angles of 18.3ᵒ, 30.3ᵒ, 35.79ᵒ, 43.45ᵒ, 57.3ᵒ and 62.9ᵒ which corresponds to the crystal indices of (220), (311), 

(400), (422), (511), and (440), respectively, to the cubic spinel structure of CoFe2O4 NPs (JCPDS NO. 22-1086, 

space group Fd-3m(227) with a cell constant a=8.392Å). There is no another detected peaks in the patterns 

which indicates that the synthesis process produces high purity cobalt ferrite nanoparticles in a single reaction. 

Besides, data established that pure spinel ferrite was obtained with the stoichiometric molar ratio of Co to Fe 

was used. 

It can be seen that the peaks in Fig. 1 composites contain the characteristic peaks of both CoFe2O4 and 

montmorillonite. The results indicated the existence of cobalt ferrite oxide particles (CoFe2O4) in composites.  

 
Fig. 1: XRD patterns of the prepared samples. 

 

FTIR spectra recorded for cobalt ferrite NPs and montmorillonite/CoFe2O4 are shown in Fig. 2. As known 

the spinel ferrites has two main metal–oxygen bands due to the vibrations of the metal–oxygen at the tetrahedral 

site (ν1) that appears in the frequency range 650–500 cm
−1

 and vibrations of metal–oxygen at the octahedral site 

(ν2) in the frequency range 430–385 cm
−1

.  

The spectrum for the cobalt ferrite (Fig. 2) reveals the presence of a strong band associated with the 

symmetrical stretching vibration of Fe–O (metal–oxygen) band at the tetrahedral site at 622 cm
−1

.  On the other 

hand the strong band observed at 3420 cm
−1

 and the broad band at 1639 cm
−1

 are due to O–H stretching and H–

O–H bending vibrations, respectively [10]. 

The FTIR spectrum of CoFe2O4-montmorillonite was helpful in estimating the layered structure of silica / 

alumina in montmorillonite. The CoFe2O4-montmorillonite (Fig. 2) exhibites intense absorption band at ~1050 

cm
−1

 for Si–O stretching vibrations of tetrahedral layer and bands at 545 and 473 cm
−1

 are due to Si–O–Al and 

Si–O–Si bending vibrations respectively. 

The absorption bands at 3637 and 1651 cm
−1

 due to stretching and bending vibrations of OH groups of Al–

OH, the band at 917 cm
−1

 was related to Al-Al–OH, vibrations [11-12] 

The obtained HRTEM images for CoFe2O4 NPs and CoFe2O4-montmorillonite nanocomposite synthesized 

samples are shown in Fig. (3a and 3b). 

 



106                                                                       Hager R. Ali et al, 2015 

Advances in Environmental Biology, 9(22) Special 2015, Pages: 103-117 

             
Fig. 2: FTIR spectra of the prepared samples. 

 

 
 

Fig. 3: HRTEM images for: a) CoFe2O4 NPs, b) CoFe2O4-montmorillonite nanocomposite, c) diffraction images 

for CoFe2O4 NPs and d) diffraction images for CoFe2O4-montmorillonite nanocomposite 

 

Fig. 3 (a) shows the well resolved TEM image of CoFe2O4 NPs with nearly uniform sizes in spherical 

shape, and the nanoparticles are mono-disperse. 

Fig. 3 (b) shows the TEM image of CoFe2O4-montmorillonite nanocomposite. It can be seen that the 

montmorillonite layers appear in a regular morphology and its surface and boundary are clear. Also, as shown in 

figure CoFe2O4 particles are dispersed either on the surface and or between the montmorillonite layers which is 

important for the composite to enhance magnetic separate recovery rate. 

The obtained diffraction images for CoFe2O4 NPs and CoFe2O4-montmorillonite nanocomposite 

synthesized samples (Fig. 3 c & d) clarified that the formed phases are well crystalline structure in agreement 

with the XRD results. 
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The nitrogen sorption isotherm of prepared materials and their corresponding pore size distribution curve 

are demonstrated in Fig. 4. The isotherm show Type IV isotherms and classified as H3 hysteresis [13] 

characteristic of creation new micro and mesoporous and increasing of BET surface area (Fig 5) from 83.59 to 

91.95 for CoFe2O4 NPs and CoFe2O4-montmorillonite nanocomposite, respectively. 

 

 
Fig. 4: Adsorption desorption isotherms of prepared samples. 
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Fig. 5: BET plot for prepared samples. 

 

The magnetization measurements at room temperature for the prepared CoFe2O4 NPs and CoFe2O4-

montmorillonite nanocomposite, are presented in Fig. 6, the curve suggests that the prepared nanomaterials 

possess the ferromagnetic feature and exhibit hysteretic behavior. The magnetic hysteresis loops of the CoFe2O4 

NPs, reveals that the degrees of saturation magnetization (Ms) and remnant magnetization (Mr) are 19.887 and 

3.97 emu/g, respectively, which are higher than those of CoFe2O4-montmorillonite nanocomposite (Ms is 11.89 

emu/g and Mr is 2.2088emu/g). 

As shown of Fig. 6, the simple separation of the nanocomposites is done by a magnet. The black sample is 

attracted toward the magnet, demonstrating high magnetic sensitivity of our nanocomposites. 

 

3.2. Influence of the variable factors on the metal ions adsorption: 

3.2.1 Contact Time: 

In order to compare the adsorption ability of composite adsorbent, the influence of contact time on the 

adsorption of Ba
2+

 and Sr
2+

 was investigated. Fig. 7 represents the variation of percentage adsorption with the 

contact time. From data it’s clear that the adsorption of divalent cations onto composite adsorbent increased with 

the increasing the contact time. These results emphasized that the sorption process is rapid and equilibrium is 

reached almost instantaneously after mixing (no significant change occurs up to 60 min). Therefore, 60 min 

contact reaction time was selected and used for all further studies. The maximum metals uptake were 55% and 

40 % for Ba
2+

 and Sr
2+

 respectively with CF, 86 % and 78 % for Ba
2+

 and Sr
2+

 respectively on using MCF.  
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Fig. 6: Magnetic hysteresis curves of prepared samples. 

 

3.2.2 Initial concentration of the adsorbate: 

The adsorption of Ba
2+

 and Sr
2+

 for both CF and MCF are increased with the decrease in the initial divalent 

cations concentration (Fig. 8). Increasing concentration gradient, acts as increasing the driving force, and in turn 

leads to decrease in equilibrium sorption until sorbent saturation is reached. At all initial Ba
2+

 and Sr
2+

 

concentrations studied, MCF exhibits higher percentage removal, that reached 98 % and 91 % for Ba
2+

 and Sr
2+

 

respectively as compared to 78 % and 69 % removal on using the adsorbent CF at the same cations 

concentration 10 mg/L this may be attributed to that montmorillonite clay structure, is constructed of a single 

octahedral sheet sandwiched between two tetrahedral sheets, with the octahedral sheet sharing the apical oxygen 

of tetrahedral sheets, that  type has excess negative charges due to the spread of isomorphous substitution in 

tetrahedra and octahedra sheets, resulting in the formation of outer-sphere complexes [14]. 
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Fig. 7: The influence of contact time on the adsorption of Ba(II) and Sr(II) 

 

                                     

                                    
Fig. 8: The influence of different initial concentration of Ba(II) and Sr(II)on adsorption. 
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3.2.3 Adsorption Temperature: 

The effect of temperature on Ba
+2

 and Sr
2+

 adsorption (Fig. 9) reveals that the adsorption capacity increases 

with increasing the temperature from 298 to 338 K, indicating endothermic nature of the adsorption process and 

favorable adsorption at higher temperature. These data were used for estimation the thermodynamic parameters 

similar observations was reported by [29] and [30]. It could be explained that the absorbent molecular and 

absorbed ions move much faster at the high temperature, the interactions among molecules decrease, and the 

metal ions can more easily move into absorbent. As a result, the contact area between absorbent and metal ions 

increases, which leads to the increase of the absorption capacity of absorbent for metal ions. 

                       

                        
Fig. 9: The influence of temperature on adsorption of Ba(II) and Sr(II) 

 

3.2.4 pH study: 

As stated by [15-17], pH has been reported as one of the major parameters controlling the adsorption 

capacity of metals onto adsorbents because it affects the solubility of the metal ions, the degree of the ionization 

of the adsorbent during reaction and concentration of the counter of the functional groups of the adsorbent. 

Metal uptake increases with the increase of the pH solution (Fig. 10). The maximum equilibrium uptake was 

70% and 97% for Ba
2+

 and 59% and 91.2% for Sr
2+

 for CF and MCF respectively at pH 9, while at pH 2 the 

adsorption capacity was much low. 

Increasing pH of solution results in decreasing in H
+
 ion leading to less competition for the vacant exchange 

sites of the clay materials, and hence more uptake% of metal is occurring. At higher pH>7, the precipitation of 

the metal ion hydroxides is expected to take place. In contrast, at lower pH values hydrogen ion strongly 

competes for the vacant sites in the crystal lattice giving rise to a decrease in the percentage of uptake. 

http://www.sciencedirect.com/science/article/pii/S131961031300094X#f0065
http://www.sciencedirect.com/science/article/pii/S131961031300094X#f0065
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Fig. 10: The influence of pH on adsorption of Ba(II) and Sr(II) 

 

3.2.5 Adsorbent amount: 

The effect of varying amounts of the adsorbent magnetic nanocomposite was investigated using 100 mg/L 

of initial Ba
2
+ and Sr

2+
 concentration at initial pH 5.3. The removal of metal ion was found to increase with the 

increase in the adsorbent amount from 10-50 mg/L. 

Fig. 11 shows an increase in percentage removal of Ba
2+

 and Sr
2+

 ions with the increase in the amount of 

adsorbent up to a certain limit and then it remains almost constant. Increase in the adsorption with increasing the 

amount of adsorbent is expected due to the increase in adsorbent surface area and the availability of more 

adsorption sites [18, 19]. 

 

3.3. Adsorption kinetics: 

Kinetics of the adsorption process is vital in water treatment as it provides essential information on the 

solute uptake rate and the reaction pathways. The adsorption of Ba
2+

 and Sr
2+

 ions reached equilibrium at about 

60 min. The adsorption kinetics data of metal ions were analyzed by testing pseudo-first order kinetic model and 

pseudo-second-order kinetic mode [20, 21] (Fig. 12). The pseudo first- and second-order model can be 

expressed by Eqs. (3) and (4) respectively. 

 

ln(qe-q) = ln(qe) - k1 t            (3) 

t/q = 1/k2q
2
e + (1/qe)t            (4) 

 

Where k1 and k2 are the pseudo first- and second-order rate constant (1/min), qe and qt are the amounts of 

metal ions adsorbed at equilibrium (mg/g) and time t (min), respectively. The value of ln(qe − qt) can be 

calculated from the experimental results and plotted against t (min). 
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Fig. 11: The influence of adsorbent amount on adsorption of Ba(II) and Sr(II) 

        
 

Fig. 12: Adsorption kinetics 
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As seen from Fig. 12 (c&d), pseudo second-order model was more suitable since the values of R
2
 could be 

regarded as a measure of the goodness of fit of experimental data on the kinetic models. The corresponding 

parameters calculation according to the models was tabulated in Table 1. The measured kinetic data of Ba
2+

and 

Sr
2+

 on using CoFe2O4 and CoFe2O4-montmorillonite fitted pseudo-second-order model with a correlation 

coefficient of 0.9952, 0.9998 for Ba
2+

 and 0.9624, 0.9956 for Sr
2+

 by CF and MCF , respectively. Also, the R2 

value for the pseudo second order kinetic model is higher than that of pseudo first order kinetic model similar 

observation was reported by [33]. Therefore, the adsorption processes were controlled by the chemical process 

[22]. Moreover, the calculated values (qe (cal)) were 29 mg/g and 43 mg/g for Ba
2+

 and 21 mg/g and 41 mg/g for 

Sr
2+

 for CF and MCF, respectively. 

 
Table 1: Adsorption kinetic parameters of Ba2+ and Sr2+: 

Metal 

ions 
Adsorbent 

qe,exp 

(mg/g) 

Pseudo-first-order kinetics model Pseudo-second-order kinetics model 

qe (mg/g) k1 (min−1) R2 qe (mg/g) k2 (mg/(g min)) R2 

Ba(II) 
CF 29 9.046 -0.015 0.670 30.030 0.0030 0.9952 

MCF 43 6.464 -0.017 0.803 44.444 0.0066 0.9998 

Sr(II) 
CF 21 11.635 -0.011 0.664 25.126 0.0011 0.9624 

MCF 41 11.481 -0.023 0.813 42.553 0.0020 0.9956 

 

3.4. Adsorption isotherm: 

The adsorption isotherms of CoFe2O4 and CoFe2O4-montmorillonite for Ba
2+

 and Sr
2+

 were investigated at 

three different temperatures and the data was analyzed by Langmuir and Freundlich equations, respectively. 

The Langmuir [23] and Freundlich [24] equations were expressed in Eqs. (5) and (6) which were used for 

modeling these adsorption isotherms. 

 

(Ce/q) = [1/(qm.KL)] + (Ce/qm)            (5) 

Ln(q) = ln(KF) + (1/n).ln(Ce)            (6) 

 

Where ce (mg/L) is the equilibrium concentration of metal ions, qe (mg/g) is the adsorption capacity, qm 

(mg/g) is the theoretical saturation adsorption capacity, and kL is the Langmuir constant. kF is the binding energy 

constant reflecting affinity of adsorbents to metal ions, and n is the Freundlich constant. 

The linear fitting curves of the Langmuir and Freundlich models are shown in Fig. 13. The fitted constants 

along with regression coefficients (R2) are summarized in Table 2. 

 
Table 2: Adsorption isotherm parameters of Ba2+ and Sr2+: 

Metal ions Adsorbent 
Langmuir equation model Freundlich equation model 

qm (mg/g) kL R2 kF 1/n R2 

Ba(II) 
CF 129.87 0.0028 0.9818 15.5724 0.8270 0.9914 

MCF 250.00 0.0020 0.9729 7.4068 0.7640 0.9942 

Sr(II) 
CF 50.00 0.0071 0.9982 16.9421 0.6180 0.9693 

MCF 175.48 0.0026 0.9650 8.7259 0.7890 0.9871 

 

As seen from Table 2, The Langmuir isotherm linear plot gave R
2
 of 0.9729 and the Freundlich isotherm 

gave 0.9942. Clearly, the better fit is offered by the Freundlich isotherm for Ba
+2

 on MCF also, The Langmuir 

isotherm linear plot gave R
2
 of 0.9650 and the Freundlich isotherm gave 0.9871. Clearly, the better fit is offered 

by the Freundlich isotherm for Sr
+2

 on MCF.  The R2 values indicate that the Freundlich isotherm fits the 

experimental data better than the Langmuir model at a given temperature similar observations were reported by 

[26] and [27]. Therefore, the adsorptions of metal ions by CoFe2O4 and CoFe2O4-montmorillonite are multilayer 

adsorptions on the surface.  

 

3.5. Thermodynamic study: 

The thermodynamic parameters, free energy change (ΔG
0
), enthalpy change (ΔH

0
), and entropy change 

(ΔS
0
) were calculated using the following equations [25]: 

 

ΔG
0
 = - RT ln Kd 

ln Kd = - ΔG
0
/RT= - (ΔH

0
/RT) + (ΔS

0
/R) 

 

Where Kd is the distribution coefficient, ΔS
0
, ΔH

0
 and ΔG

0
 are the changes of entropy, enthalpy and the 

Gibbs free energy, T is the temperature (K), R is the gas constant (8.3145 J mol
−1

 K
−1

). ΔS
0
 and ΔH

0
 are 

calculated from the slope and intercept of van’t Hoff plots of ln Kd versus 1/T (Fig. 14). The ΔG
0
, ΔH

0
 and ΔS

0
 

values are listed in Table 3.  

The Gibbs free energy change (ΔG
0
) is negative and ΔH

0
 is positive, indicating that the adsorption process 

is spontaneous and endothermic. The positive value of ΔS
0
 reflects an increase in randomness at the 

http://www.sciencedirect.com/science/article/pii/S131961031300094X#b0155
http://www.sciencedirect.com/science/article/pii/S131961031300094X#f0070
http://www.sciencedirect.com/science/article/pii/S131961031300094X#t0015
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solid/solution interface during the adsorption of Ba
+2

 and Sr
2+

 onto the nanocomposites similar observation 

reported by [32]. 

 

        
 

Fig. 13: Adsorption isotherm 

 
Table 3: Thermodynamic parameters of Ba2+ and Sr2+: 

Metal 

ions 
Adsorbent 

Thermodynamic parameters 

ΔG0 (kJ mol-1) 
ΔH0 (kJ mol-1) ΔS0 (J mol-1 K-1) 

298 313 343 

Ba(II) 
CF -0.55 -1.23 -2.87 14.95 51.86 

MCF -4.50 -6.72 -11.59 42.63 157.98 

Sr(II) CF 1.06 0.79 -0.03 8.38 24.42 

 MCF -3.18 -5.08 -7.48 24.69 94.15 

 

                                 
 

Fig. 14: Adsorption thermodynamics, Van’t Hoff plot of lnKd versus 1/T. 
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Conclusion: 

From this study it can be concluded that magnetic CoFe2O4 nanocomposite not only effectively on remove 

of barium and strontium ions from aqueous solution but also on decationization of produced water. The 

adsorbent which is CF shows a little better adsorption ability for Sr
2+

 than MCF. pH study revealed that 

maximum Sr
2+

 removal could be achieved at pH 9. The experimental data perfectly fitted the Freundlich 

isotherm model with regression coefficient R
2
>0.99. Moreover, the experimental data was found to be fit better 

with the pseudo-second order kinetic model. The negative value of ΔG
ᵒ 
and ΔH

ᵒ
 confirms that Ba

2+
 and Sr

2+
 

adsorption is a spontaneous and an endothermic process.  
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