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Abstract 

      In batch experiments, a natural chitosan adsorbent was employed to extract 

cobalt ions from industrial wastewater under varied parameters of starting 

concentration, adsorbent weight, pH, and contact duration. The adsorbent was 

examined using FTIR, XRD, and AFM. For an initial cobalt ion concentration of 

5x10
-2 

mol/l at pH 6, time 35 minutes, temperature 25 °C, and adsorbing dose 0.1 g, 

the results showed a maximum removal percentage of 99.0 percent. The Freundlich 

isotherm and the pseudo-second order kinetic model both suit the experimental data 

well. According to thermodynamic studies, the process was spontaneous and 

endothermic. 

 

Keywords: Chitosan, Adsorption, Cobalt, Kinetic, Thermodynamic. 

 

تهزانأيهنات الكهبالت من مياه الصرف الصناعي باستخدام الشي إزالة  
 

 حكيم حيال كاظم, خلهد عبد صالح
ققدم الكيمياء, كلية العلهم, جامعة بغداد, بغداد, العرا  

 الخلاصة
مادة مازة طبيعية الذيتهزان تم استخدامها في التجارب على دفعات لإزالة ايهنات الكهبالت من مياه       

المادة المازة, درجة الحمهضة ووقت الررف الرناعي في ظل ظروف مختلفة من  التركيز الأولي, وزن 
 % 99.0ندبة الازالة القرهى تداوي  .لفحص المادة المازة AFM و FTIR , XRD التلامس. تم استخدام

دقيقة، درجة الحرارة  53،الهقت  6مهل / لتر عند الأس الهيدروجيني 5x10-2 الأولي الكهبالت لتركيز أيهن 
غرام. تتناسب النتائج التجريبية مع النمهذج الحركي من المرتبة الثانية  0.1جرعة الامتزاز و درجة مئهية  25

الكاذبة ومع نمهذج متداوي درجة الحرارة فريندلش. كانت العملية تلقائية وماصة للحرارة، وفقاً لدراسات 
 .الثرمهديناميك

 

1. Introduction  

      Wastewater, which is a mixture of liquid and solid pollutants that results from the use of 

water in households, factories, and commercial establishments [1], is a major source of 

environmental pollution. Electroplating, electrolysis, coatings, textiles, insecticides, 

medicines, papermaking, printing, dyeing, and other chemical industries have all wreaked 

havoc on the environment [2]. Cobalt is a natural element (atomic number 27) that ranks 24th 

on the list of the richest heavy metals in the Earth's crust. While cobalt exists in three 

oxidation states (0, +2, and +3), +2 is the most common oxidation state in the environment 
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[3]. Cobalt is a ferromagnetic metal used in a variety of industrial applications, including the 

production of stainless and superalloys for parts for gas turbine engines, magnets and 

magnetic recording media, petroleum catalysts, and chemical industries [4]. Vitamin B12, 

which is required for brain and nervous system function as well as blood production, contains 

cobalt as a key cofactor. Excessive Co intake, on the other hand, may be detrimental to both 

people and cattle. High levels of this component can induce harmful consequences such as 

nausea, high blood pressure (hypertension), reproductive issues, high blood sugar 

(hyperglycemia), lung illness, and bone deformities, as well as possibly cause living cell 

mutations (genetic alterations) [5-9]. Acute toxicity to the plant kingdom can also be caused 

by a large amount of Co in the soil [10]. In live-stock irrigation and irrigation water, the 

allowable limits of Co (II) are 1.0 and 0.05 mg/l, respectively (Environmental Bureau of 

Investigation, Canadian Water Quality Guidelines). The maximum allowable concentration of 

cobalt (II) in drinking water is 0.05 mg/l, according to the World Health Organization (WHO) 

[11]. Several methods for removing heavy metals from wastewater have been investigated 

over the last decade, including adsorption, precipitation, ion exchange, membrane process, 

electrocoagulation, and electrodeposition [12-14]. Among the above mentioned methods, 

adsorption has inherent benefits such as low cost, high removal rate, ease of access, and less 

secondary pollution [15]. Different types of natural adsorbents are used for removal of metal 

ions from wastewater. Chitosan (CS) is a substance derived primarily from chitin, a 

carbohydrate found in the outer shells of seafood such as shrimp and crustaceans [16,17]. CS 

is an inexpensive bio-sorbent and disinfectant and has many advantages such as the amino 

functional group, which perfectly interacts between metal ions, biodegradability, bio-

compatibility, and their non-toxic behavior [18]. 

We investigate the effectiveness of chitosan for removing cobalt from industrial wastewater 

under a variety of circumstances, including pH, starting concentration, adsorbent dosage, and 

contact duration. Langmuir and Freundlich isothermal adsorption were used to test the 

adsorption results, and thermodynamic parameters were determined as well. A pseudo-first 

order and pseudo-second order equations are used to examine the kinetic data. 

2. Materials and methods 

2.1. Materials 

     Chitosan C56H103N9O39 ( ≥ 90% deacetylation ) were supplied by Cheng Du Micxy 

Chemical Co., Ltd (Cheng Du, China ). Cobalt chloride hexahydrate, Hydrochloric acid, 

Sodium hydroxide were supplied by BDH.  

2.2. Characterization 

     The FTIR spectrum of CS was measured by using a Shimadzu IRAffinity-1 FTIR 

Spectrophotometer (Shimadzu Corp., Japan). The spectral scan ranged between 400 and 4000 

cm
-1

. The X-ray diffraction (XRD) pattern of chitosan was studied using a Shimadzu XRD-

6000 X-ray diffractometer (Shimadzu, Japan) in the 5–80° (2θ) range with Cu Kα ( λ=1.5406 

A
o
), worked at 100 mA and 40KV. To get a quantitative picture of grain size and surface 

roughness of chitosan, atomic force microscope (AFM) (SPM AA3000 Angstrom Advanced 

Inc, USA) was applied.  

2.3. Adsorption experiments  

      The stock solution of Cobalt chloride hexahydrate (CoCl2.6H2O) 0.1 (mol/l) was prepared  

by dissolving 11.89 g of Cobalt chloride in 500 ml of distilled water and then dilute  to 

required concentration. Adsorption experiments were carried out in a batch model using a 

Cobalt chloride (50 ml) solution in a series of conical flasks (250 ml) at starting 

concentrations ranging from 5x10
-2

 to 1x10
-4

 mol/l. For pH adjustment, HCl (0.1M) and 

NaOH (0.1M) solutions were used. To achieve equilibrium, 0.1 g of CS powder was added to 

cobalt solution and stirred constantly for 35 min. After centrifuging the mixture for 5 min, the 

amount of cobalt adsorbed was determined using an atomic absorption spectrophotometer 
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(AAS) (Model: AA-7000, Shimadzu). Equations were used to measure the cobalt removal 

percentage and equilibrium uptake [19]: 

         
     

  
    (1)   

   
     

 
 (2)   

Where, Co is the initial concentration (mol/l), M (g) adsorbent weight, Ce is equilibrium 

concentration (mol/l), and V the volume of the solution in liters. 

3. Results and Discussion  

3.1. Characterization study 

     Figure 1 depicts the FTIR spectrum of CS. A broad band appears in the CS spectrum at 

3441.01 cm
-1

, which corresponds to the stretching vibrations of the N-H and O-H groups. A 

peak at 2889.37 cm
-1

 can be characterized for C-H extending the aliphatic group's vibration. 

The C=O stretching vibration (amide I band) and C-N stretching vibration (amide III band) in 

amide groups are represented by the absorption bands at 1654.92 cm
-1

 and 1379.1 cm
-1

, 

respectively. The N-H bending vibration and N-H deformation vibration occurs at 1597.06 

cm
-1

 and 1421.54 cm
-1

 in the primary amine groups (-NH2). Other significant absorption 

bands in CS can be found at 1323.17 cm
-1

 (C-N stretching vibration), 1153.43 cm
-1

 (anti-

symmetrical stretching vibration of the C-O-C bridge), 1072.42 cm
-1

 (C-O stretching 

vibration of a saccharide structure), and 1031.92 cm
-1

 (O-H bending vibration) [20]. 

 
Figure 1- FTIR spectrum of CS 

 

Figure 2 shows the XRD pattern of the chitosan sample. The characteristic peaks of chitosan 

located at 2θ =12.3
o
 and 20.2

o
( JCPDS card No. 039– 1894 ) corresponding to diffraction 

from (002) and (101) planes respectively for Orthorhombic structure as illustrated by Santa et 

al.[21] and Okuyamaet al. (1997) [22]. The appearance of the broad peak at 20.2
o
 was 

interpreted by the previous researchers as a result of the arrangement of the chitosan chains in 

the form of parallel planes to give the orthorhombic form [23], or interpreted as a 

polymorphic form [24].  
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Figure 2-XRD pattern for chitosan 

 

Figure 3 shows typical images of AFM surface (3D and 2D), and Table 2 shows the 

granularity cumulating distribution of Chitosan. The average diameter was (80.72) nm. 

 

 

Figure 3- AFM images for Chitosan 
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Table 1- Granularity cumulating distribution & average diameter for Chitosan 
Avg. Diameter:80.72 nm <=10% Diameter:45.00 nm 

<=50% Diameter:75.00 nm <=90% Diameter:115.00 nm 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

20.00 

30.00 

35.00 

40.00 

45.00 

50.00 

55.00 

60.00 

65.00 

0.21 

1.28 

1.92 

2.56 

2.13 

4.90 

4.69 

8.32 

7.46 

0.21 

1.49 

3.41 

5.97 

8.10 

13.01 

17.70 

26.01 

33.48 

70.00 

75.00 

80.00 

85.00 

90.00 

95.00 

100.00 

105.00 

110.00 

6.61 

4.26 

6.82 

7.04 

4.48 

6.82 

4.26 

5.33 

3.84 

40.09 

44.35 

51.17 

58.21 

62.69 

69.51 

73.77 

79.10 

82.94 

115.00 

120.00 

125.00 

130.00 

135.00 

140.00 

145.00 

4.69 

2.99 

2.35 

2.99 

1.71 

1.49 

0.85 

87.63 

90.62 

92.96 

95.95 

97.65 

99.15 

100.00 

 

3.2. Effect of contact time 

     The effect of contact time between the CS and Co (II) on the removal percentage was 

determined at 5x10
-4

 mol/l initial Co (II) concentration, 0.1g adsorbent weight, and 298K. 

Figure 4 shows the removal % rising over time, with the amount of Co (II) adsorbed on the 

adsorbent equaling the amount of Co (II) desorbed from the adsorbent after 35 minutes. 

 
Figure 4- Effect of contact time on percentage removal of 5x10

-4
 mol/l Co (II) at 298K. 

 

3.3. Effect of adsorbent weight 

      By adjusting the weight of CS in 50 ml of 5x10
-4

 mol/l cobalt solution from 0.05 g to 0.25 

g, the effect of different CS weights on the ratio of Co(II) removal at 35 min contact time was 

examined. Figure 5 demonstrates that when the weight of CS increases, the percentage of 

removal increases because more adsorbent sites are created, and bigger surface area indicates 

more adsorbent sites [25, 26]. 
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Figure 5- Effect of adsorbent weight on percentage removal of 5x10

-4 
mol/l Co (II) at 298 K. 

 

3.4. Effect of initial concentration 

     To demonstrate the effect of the initial Co (II) concentration, different concentrations 

(1x10
-4

, 5x10
-4

, 1x10
-3

, 5x10
-3

, 1x10
-2

 and 5x10
-2

) mol/l were used at 298K, adsorbent weight 

(0.1 g), and shaking period 35 min. Figure 6 shows that when the initial Co (II) concentration 

increased, the removal efficiency is also increased. At a low concentration, the ratio of 

number of active sites that available per unit Co (II) concentration was a small may be due to 

increased competition for active sites [27]. As a result, the adsorption became unaffected by 

the starting concentration. The contact forces, which are important for overcoming the barrier 

to mass transfer between Co (II) and the CS, increase as the initial Co (II) concentration rises 

[28]. The majority of the active sites got occupied as the initial Co (II) concentration rose, 

resulting in a small improvement in removal efficiency.  

 
Figure 6- Effect of initial concentration on percentage removal of Co (II) at 298K. 
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According to Figure 6, the optimal concentration of Co(II) is 5x10
-2 

mol/l, so it will be used to 

study the effect of pH. 

3.5. Effect of pH 

       The electric charge of the adsorbent surface, as well as the ionic geometries of the 

adsorbent molecule, were affected by the pH of the solution. As a result, the adsorption of Co 

(II) rises as the acidity lowers, since the hydrogen ion competes with the Co (II) molecule in 

an acid media, and as the quantity of hydrogen ions drops, more adsorption sites become 

accessible to adsorb Co (II) [25]. The optimal pH, as shown in Figure 7, is 6. Adsorption 

studies could not be performed at pH values greater than 6 due to Co(OH)2 precipitation. 

 
Figure 7- Effect of pH on percentage removal of 5x10

-2
 mol/l optimum concentration of Co 

(II) at 298K. 

 

3.6. Equilibrium isotherm 

       The isotherm of adsorption describes the relation between the number of Co (II) 

molecules adsorbed by adsorbent mass and their balance at a constant temperature. 

Adsorption isotherms are essential for the design of any adsorption system. The isotherms 

were investigated using 50 ml of cobalt solution at various concentrations (1x10
-4

, 5x10
-4

, 

1x10
-3

, 5x10
-3

, 1x10
-2

, and 5x10
-2

) mol/l and temperatures (298, 308, 318, and 328) K. The 

well-known equilibrium model of Langmuir and Freundlich is employed in this work. The 

Langmuir model predicts a homogeneous distribution of adsorbate on the adsorbent's surface, 

as well as an energetically similar monolayer or single layer of adsorption sites, with no 

interaction between adsorbed ions even at adjacent sites [29]. Freundlich isotherm model 

expression defines surface heterogeneity as well as the exponential distribution of active sites 

and active site energies [30]. The linear form of Langmuir equation and separation factor are 

given by following equations [29]: 
  

  
 

  

  
 

 

    
                                                                            (3) 

   
 

      
                                                                    (4) 

Where, Ce is equilibrium concentration of adsorbate (mol/l), qe is the amount of material 

adsorbed per gram of the adsorbent at equilibrium (mol/g), KL Langmuir adsorption isotherm 

constant (l/mol), and qm is maximal capacity of the mono-layer coverage (mol/g).  The slope 

and intercept of the plot between Ce/qe versus Ce will give qm and KL respectively as shown in 

20

40

60

80

100

120

1 2 3 4 5 6 7

%
R

em
o

va
l 

pH 



Kadhim and Saleh                                    Iraqi Journal of Science, 2022, Vol. 63, No. 8, pp: 3251-3263 
 

3258 

Figure 8. These results were similar to those obtained by Belbachir and Makhoukhi [31]. 

While the Langmuir constants KL and Co initial Co (II) concentration were entered into 

Equation (4) to compute the separation constant RL, which was found to be in the favorable 

range (0<RL<1), indicating that Co (II) adsorption onto CS is advantageous. 

The isothermal model of Freundlich adsorption is represented as follows [32]: 

            
 

 
                                                     (5) 

Where, qe is the amount of material adsorbed per gram of the adsorbent at equilibrium 

(mol/g), Ce is equilibrium concentration of adsorbate (mol/l), KF the adsorption capacity 

constant (mol/g), 1/n the adsorption intensity of the adsorbate towards the adsorbent or 

heterogeneity. The slope and intercept of the plot between log qe versus log Ce will give 1/n 

and KF respectively as shown in Fiqure 9. When 1/n = 1, the partition between the two phases 

is concentration independent. When the value of 1/n is less than one, this indicates (a normal 

adsorption). When 1/n values are greater than one, this indicates (a cooperative adsorption) 

[33,34]. The data in Table 2 show the adsorption of Co (II) on CS follows the Freundlich 

model ( R
2
 =0.937 ). 

 

Table 2- Isotherms constants and correlation coefficient 

Temp. 

( K ) 

Lanqmuir isotherm Freundlich isotherm 

KL ( l/mol) qm(mol/g) R
2 

KF ( mol/g) 1/n R
2 

298 2385.4 103*10
-5 

0.477 271643.9 2.154 0.880 

308 3604.9 73*10
-5 

0.704 1153453.2 2.269 0.937 

318 6438.3 44*10
-5 

0.916 3318944.5 2.298 0.813 

328 6624.2 68*10
-5 

0.748 1874994.5 2.189 0.880 

 

 
Figure 8- Langmuir adsorption isotherm of Co (II) onto CS. 
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Figure 9- Freundlich adsorption isotherm of Co (II) onto CS. 

 

3.7. Adsorption Kinetics  

     In order to better understand the adsorption process, kinetics of adsorption and adsorption 

process control mechanisms are highlighted and crucial for designing the time and rate of 

adsorption. [29,35]. There are few adsorptions kinetic models such as pseudo-first order and 

pseudo-second order. The linear form of pseudo-first order is expressed as follows [36]: 

   (     )        
  

     
                         (6) 

Where, k1 is pseudo-first order rate constant for the adsorption process (min
-1

) qe and qt  is the 

amount of  adsorbed (mol/g) at equilibrium and at the time t (min). The slope and intercept of 

the plot between log (qe-qt) versus t will give k1 and qe respectively as shown in Fiqure 10. 

A pseudo-second order equation can be presented in a linear form as follows [37]: 
 

  
 

 

    
  

 

  
                                                        (7) 

Where, k2 is the equilibrium rate constant of the pseudo-second order sorption (g/mol min). 

The slope and intercept of the plot between t/qt versus t will give qe and k2 respectively. The 

following equation relates the initial adsorption rate ho at different initial concentrations [38]: 

       
                                                    (8) 

The comparison of kinetic constants and correlation coefficients of kinetic models shows that 

the pseudo-second order model fits better, as shown in Table 3. 
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Figure 10- Pseudo-first order of Co (II) onto CS at 298K. 

 

 
Figure 11- Pseudo-second order of Co (II) onto CS at 298K. 

 

Table 3- Kinetic results of 5x10
-4

 mol/l Co (II) on CS at 298K 
qe,exp. 

(mol/g) 

Pseudo-first order Pseudo-second order 

k1 (min
-1

) qe,cal (mol/g) R
2 

k2 (g/mol.min) qe,cal(mol/g) R
2 

205x10
-6 

0.037 34x10
-6 

0.946 5174.78 209x10
-6 

0.999 

 

3.8. Thermodynamic studies 

      Thermodynamic parameters are calculated by following equations [38]: 

   
    

  
 
     

  
 
  

  
                                     (9) 

                                                              (10) 
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                                                   (11) 

Where, Co the original Co(II) concentration (mol/l), Kc equilibrium constant, Ce remaining 

concentration in solution at equilibrium (mol/l) and Cads concentration of adsorbed cobalt 

(mol/l). ΔG
o 

The change in the Gibbs free energy, ΔS
o
 the entropy and ΔH

o
 enthalpy. T(K) 

solution absolute temperature and R gas constant ( 8.314 J.mol
-1

.K
-1

 ). The slope and intercept 

of the Van't Hoff plot (Figure12) are used to compute ∆H
o
 and ∆S

o
, and the ∆G

o
 has a 

negative value, indicating that the adsorption of Co (II) onto CS was spontaneous. Table 4 

summarizes the thermodynamic results, which show that a positive entropy value indicates an 

increase in randomness and a positive enthalpy value indicates that the adsorption reaction 

was endothermic.  

 
Figure 12-Van’t Hoff plot of Co (II) onto CS. 

 

Table 4- Values of thermodynamic parameters for the adsorption of Co (II) onto CS 

T(K) ΔG
o
 (KJ/mol) ΔH

o
 (KJ/mol) ΔS

o
 (KJ/mol.K) 

298 -3.753 

 

 

+30.129 

 

 

+0.111 

308 -4.688 

318 -5.926 

328 -7.052 

4. Conclusions 

     The Co (II) was successfully removed from industrial effluent using a natural chitosan 

adsorbent. The Langmuir and Freundlich models were employed to characterize adsorption 

isotherms, with the Freundlich model offering the greatest match for equilibrium data. The 

adsorption process appears to be endothermic and spontaneous, according to thermodynamic 

studies. 
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