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Abstract 

    The adsorption capacities of modified chitosan towards Cd(II), Mn(II) and Ni(II) ions 

removal were examined. It verify the development of new groups, the modified chitosan 

characterized by X-ray, thermogravimetric analysis, field-emission (SEM), and IR. Variables 

including the impacts of pH, the dose of adsorbent, time, concentration and the temperature 

were used to examine the adsorption and kinetics studies of the process. The pseudo-second-

order made well sense in the kinetic results. Removal effectiveness was found to rise with 

increasing time, temperature, and pH from 3 to 8 but decrease with increasing initial ions 

concentration and dose. Of these, the highest percentages of Cd(II), Mn(II) and Ni (II) 

removal were 67.15, 70.44, and 74.02%, respectively. An analysis of the isothermal 

properties was highly consistent with Langmuir's isotherm. D-R, Freundlich, and Langmuir 

models, the maximum uptake yields and isotherm parameter values were determined. 

Physical adsorption method was demonstrated by the relatively low average values of the 

energy of adsorption (1.48–2.26 kJ/mol). It was established that the thermodynamic 

parameters were endothermic (positive ∆H°) and spontaneous (negative ∆G°).                                                                                                                                                                                                                   
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1. Introduction 

Removing metals from industrial 

contaminants, water supplies, mine waters 

and other sources is a significant challenge 

in preventing important source’s pollution 

in water and soil. Many techniques, 

including ion-exchange, adsorption, [1] 

electrolytic or liquid extraction, 

electrodialysis [2], chemical precipitation, 

membrane filtration and biosorption [3,4] 

have been presented to get rid of harmful 

metal ions presented in  sea water and 

wastewater. Chelating resins have a wide 

range of real-world uses in chemical 

evaluation, environmental protection, 

water treatment, etc. [5]. Adsorption is one 

of these techniques that is frequently used 

to extract heavy metals from aqueous 

solutions because it is inexpensive, readily 

available and has advantage surface, 

chemical and physical properties [6-8]. It 

is believed that adsorption is a more 

effective beneficial method than 

alternative methods. Easy to use, rapid 

recovery, high enrichment factor, low 

chemical intake, fast kinetics, and reusable 

adsorbent are only a few of its many 

benefits [9-11]. As chelating adsorbents, 

polymers with synthetic or natural bases 

can be employed.  Many materials can be 

employed as efficient adsorbents, 

including fly ash, activated carbon, zero 

valence iron, agricultural waste, zeolite, 

clay, lignocellulosic materials, bio-

polymers, metal oxides, microorganisms, 

and sewage waste [12]. The best filtration 

and separation technique for removing 

heavy metals from industrial effluent is 

biosorption. It has several good biological 

properties, including good 

biocompatibility and biodegradation, as 

well as other functions like homeostatic 

activity, antithrombogenicity, immunity 

boosting, wound healing, and the ability to 

inhibit the growth of some bacteria [13]. 

Because of its hydrophilic nature, not 

being toxic reactive amine groups and 

chelating qualities, chitosan is an effective 

adsorber [14]. Furthermore, following 

modification, chitosan exhibits remarkable 

metal binding capabilities [15,16]. 

Compared to alkali and alkaline earth 

metals, chitosan aids in the more desirable 

adsorption of transition metals [17]. Due to 

particular interactions of the NH2 group 

with heavy metals, chitosan is believed to 

have strong complexing ability [18]. At 

contrast to cellulose, chitosan has an NH2 

group at the C-2 position, whereas 

cellulose has an OH group. Quaternization 

of the amino group is the most frequent 

reaction involving the C-2 position in 

chitosan. [19]. A relatively simple polymer 

known as chitosan is the deacetylated 

residue of chitin. The rate of deacetylation 

in chitosan determines its molecular 
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weight.; widely accessible chitosan has a 

deacetylation degree ranging from 70 to 90 

percent [20]. The properties of chitosan 

differentiate it from chitin and cellulose, 

and its N-deacetylation makes it soluble in 

formic and acetic acid dilutions in water. 

The solubility of chitosan, mostly due to 

the facility with which amino groups can 

be protonated in acids, is one of the 

primary problems restricting its 

application [21,22]. A strong metal ion-

reactive amine functional group is present 

in chitosan, a copolymer of glucosamine 

and N-acetylglucosamine. Considerable 

research has been conducted recently on 

chitosan's ability to absorb metal cations 

[23]. Chitosan amine groups bind metal 

cations at almost neutral pH levels. 

Electrostatic force has a tendency to attach 

chitosan between anions because of its 

high protonation at lower pH levels. Heavy 

metals are generally extremely hazardous. 

and do not biodegrade in the environment 

[24,25]. Metals like zinc, manganese, 

mercury, cadmium, copper, nickel, cobalt, 

and ferrous have been shown to be hazard 

[26]. This publication aims to 

remove  Cd(II), Mn(II), and Ni(II) cations 

from water-based solutions using modified 

chitosan. 

2. Experimental 

2.1. Materials and methods  

   Chitosan (acetylation degree, 

DA:25%) was obtained from Roth chem 

germany, distilled water, concentrated 

acetic acid obtained from Daejung, 

formaldehyde obtained from Piochem, 

manganese sulphate (MnSO4.H2O) 

obtained from Alamia company for 

chemicals, nickel sulphate (NiSO4.7H2O) 

obtained from Alamia company for 

chemicals and cadmium sulphate 

octahydrate extra pure (CdSO4.8H2O) 

obtained from Oxford lab fine chemicals. 

2.2. Method of modification of 

chitosan resin 

0.5 g of chitosan had been immersed in 

the smallest amount of bidistilled water at 

ambient temperature and stirred for an 

hour, conc. CH3COOH was inserted in 

drop wise, then the combination was 

agitated about an additional two hours.  

Next, 0.5 g of formaldehyde was 

introduced dropwise while stirring and two 

more hours were spent stirring the mixture 

before being dried in an oven for 30 

minutes as demonstrated. 
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Chitosan derivative immobilization

2.3. Instruments 

With ICP (Inductively Coupled 

Plasma), metal ions amounts were 

identified spectrophotometrically. In 

addition to TGA research, the produced 

resin was evaluated using 

spectrophotometric techniques such as IR, 

XRD, and SEM (scanning electron 

microscopy).  

To obtain the (XRD), the Rigaku 

MiniFlex 600 was utilized. SEM pictures 

were captured using an EDS microscope 

(Jeol JMS-700). With an alpha II 

spectrometer, FTIR, was carried out. 

 

 

 

 

3. Results and discussion 

3.1. Characterization of modified 

resin 

3.1.1.  IR analysis for chitosan and 

modified chitosan 

As seen in fig. (1), the chitosan’s 

deravative band spectrum listed below 

displayed several distinct peaks. The 

absorption band in this spectrum 

corresponding to N-H expanding and the 

stretching of the O-H overlapped is 

3444.87 cm
-1

; extending aliphatic C-H, it 

is 2920.23 cm
-1

; for C-O of primary 

alcoholic groups, it is 1398.39 cm
-1

 

[27,28]. The strong peak is responsible for 

the chitosan polysaccharide's characteristic 

in-plane N-H bending vibration at 1635.64 

cm
-1 

[29]. 
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Fig. (1) IR of modified chitosan 

3.1.2. Thermogravimetric analysis 

)TGA)  

The initial phase of reducing weight 

was noted between 22 and 100
°
C, 

corresponds to a 10% reduction in 

moisture. Chitosan undergoes a non-

oxidative thermal degradation between 

248–600
°
C and indicates chitosan 

deacetylation as well as the process of 

vaporizing and eliminating substances that 

are volatile [30]. Amino groups that create 

unsaturated structures are the first step in 

the breakdown of chitosan [31]. A random 

splitting of the glycosidic linkages takes 

place during pyrolysis, and this is followed 

by breakdown and a sequence of lesser 

fatty acids [32]. As seen in fig. (2), the 

DSC revealed an exothermic elevated 

within 303.77 and 304.28
°
C and an 

endothermic peak between 77.78 and 

80.44°C. The water loss linked to the 

hydrophilic groups of chitosan is attributed 

to the endothermic peak, which is also 

referred to as the dehydration temperature 

(T) [33,34]. Because of chitosan irregular 

composition and great affinity for water, 

it is efficiently hydrated [35]. This peak 

indicated that some bound water remained 

in the chitosan, indicating that it had not 

dried entirely. The heat breakdown of 

chitosan is associated with the exothermic 

peak [36, 37]. 

3.1.3.  X-ray diffraction  

Fig. (3) displays the sample's X-ray 

powder diffractogram. The pattern of 

chitosan resin modifications exhibited 

distinctive broad bending peak around 2θ 

equals    25.63°.                                                          
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Fig. (2) TG/DTG patterns of (a) chitosan and (b) modified chitosan 

 

 

Fig. (3) XRD diffractogram of derivative of chitosan 

θ/2θ 
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3.1.4. SEM ( scanning electron 

microscope) 

The SEM micrograph appears the 

morphological features of modified 

chitosan as depicted in fig. (4). With 

strapping and shrinkage, the micrographs 

revealed a non-smooth and irregular 

surface [38].                                                  

3.1.5. Metal Ions Uptake 

Each of the adsorption experiment was 

carried out in a bottle contains 

combination was agitated without heating 

using a mechanical stirrer. By diluting 

standard solutions, solutions with various 

starting amounts of manganese, nickel, and 

cadmium ions were obtained. All the tests 

for metal ions that were being investigated                    

were conducted at a pH of 7-8. With the 

exception of the samples used to 

investigate the temperature effect. Eq. (1) 

was utilized to compute the capabilities of 

adsorption.      

Sorption uptake, q = (Cₒ- Ce ) V/W         (1) 

Where V is the volume’s solution (L), Ce 

indicates final concentration (mg/L) after 

removal, q is the uptake, and W is the dose 

of modified chitosan (g). The formula used 

to determine the ion % removal eq. (2): 

%removal= (Cₒ-Ce)/CₒX100                     (2) 

 

3.1.6. Isotherm studies 

Friendlylich, Langmuir, and (D–R) models 

[39,40] are the most often used isotherms 

have been utilized to characterize the 

adsorption properties for removal of  ions 

from water-based solutions. By doing 

experiments at 303, 313, 323 and 333 K, 

adsorption isotherm data were acquired. 

This is the representation of the isotherm 

in linear form as represented in eq. (3,4):  

Freundlich isotherm 

Log qe= log kF + (1/n) log Ce               (3) 

Langmuir isotherm  

Ce/qe=Ce/Qmax+1/KLQmax                     (4)                                                               

The adsorption intensity is denoted by 1/n, 

the symbol for the greatest ability to adsorb 

is Qmax, the metal ion equiibrium 

concentration is Ce and the Langmuir 

binding constant KL is associated with the 

adsorption energy (Lmg
-1

).  

Equation (RL) eq. (5), also known as the 

equilibrium parameter or constant 

separation factor, can be utilized to specify 

the Langmuir isotherm's basic features           

[41]. 

𝑅𝐿 =  
1

1+ 𝐾𝐿𝐶0 
                                (5)                                                                   

Values of 0 < RL < 1 indicated that, the 

adsorption procedure was appropriate. 



Journal of Basic and Environmental Sciences                 11.4.15  (2024) 514-583 

521 
 

 
Fig. (4) SEM micrographs of modified chitosan

3.1.6. D–R isotherm [22] 

𝑙𝑛𝑞𝑒 =  𝑙𝑛𝐾𝐷𝑅 − 𝐵 𝜀2                        (6)                                                                     

𝜀 =  𝑅𝑇 𝑙𝑛 [1 +
1

𝐶𝑒
]                           (7)                                                              

𝐸 =  
1

√2 𝐵
                                                (8)                                                                          

As illustrated in eq. (6), KDR is the highest 

possible capacity of adsorption, B is the 

adsorption energy measured in mol
2
/kJ

2
. B 

is obtained by plotting ln qe versus ε
2
. Eq. 

(7) can be used to compute the Polanyi 

potential (ε), where T represents 

temperature by kelvin and R indicates the 

constant of gas.  

  4.  Adsorption techniques 

4.1. Effects of different 

experimental      conditions 

 This study investigates the temperature’s 

impact, time, pH, concentration, amount of 

modified chitosan and other physical and  

chemical factors on adsorption. 

4.1.1. Effect of pH 

 Among significant variables has an effect 

on the adsorption process is the initial pH. 

The initial pH was between 3–9 as shown 

in fig. (5). Because chitosan is soluble in 

very low pH, the adsorption investigation 

could not be conducted experimentally at 

pH levels below 3. The data indicates that 

at pH 8, the greatest percentages of Cd(II), 

Mn(II) and Ni(II) removal are 67.15, 

70.44, and 74.02%, respectively. Because 

of the leftward shift of the equilibrium 

caused by a high level of H
+
 in the 

adsorption medium at pH < 3, the reason 

for the zero percent removal at pH 1.  

4.1.2. Effect of adsorbent dose 

The amount of modified chitosan used in 

30 ml of 2.6, 2.03, and 4.7 mgL
-1

 of Cd 

(II), Mn(II) and Ni(II) ions was distinct 

between 0.03 g to 1.00 g. The findings 

indicate that when the adsorbent dose for 

metals under investigation 



Journal of Basic and Environmental Sciences                 11.4.15  (2024) 514-583 

522 
 

increased,adsorption capacity of modified 

chitosan and the removal effectiveness (R) 

of the adsorbent decreased as shown in fig. 

(6). Removal percentage (R) fell from 

from 65.38 to 46.92% ,67.09 to 50.74%, 

and from 76.45 to 48.09% for Cd(II), 

Mn(II) and Ni(II), respectively. However, 

for Ni(II), R rose from 51.62 to 76.45% by 

dosage’s raising dose from.03 to.05 g, and 

then fell by increasing the dose of 

modified chitosan. Active sites were used 

at higher dosages, all of the active sites 

were accessible for adsorption at lower 

dosages [42]. Moreover, aggregation 

brought on by high adsorbent dose might 

lower the adsorbent surface area and 

subsequently the absorption capacity 

[43,44]. Optimum dose was 0.03 g for 

Cd(II) and Mn(II) and was 0.05g for 

Ni(II). The highest removal percentage 

were 66.5, 68, and 76.45%. 

4.1.3. Effect of contact time  

Fig. (7) displays results of an investigation 

of metals on modified chitosan with time. 

The adsorbent was used for 10, 20, 30, 40, 

50, 60, 90, 120, and 180 minutes.               

The elimination reached equilibrium, 

according to the data, at approximately 60, 

90, and 120 minutes for Cd(II), Mn(II), 

and Ni(II), respectively, with adsorption 

efficiencies of 66.08,68.18, and 75.53%, 

respectively. For Cd(II), Mn(II), and 

Ni(II), respectively, within the first ten 

minutes, over 50% of the absorbent 

content was reached. (60.77, 61.58, and 

54.83%), indicating a rapid start to the 

adsorption process. This suggested that the 

modified chitosan has a rapid kinetic. 

 
Fig. )5( Influence of pH on the removal percentage of studied metal ions on modified chitosan 
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Fig. )6( Modified chitosan dosage on removal of metal ions 

 
Fig. (7) Effect of time on modified chitosan's absorption of the investigated ions 

4.1.4. Effect of concentration 

Fig. (8) illustrates how concentration 

affects the proportion of metals removed 

using modified chitosan. The chart shows 

that when initial heavy metal concentration 

increased, the percentage removal steadily 

drops for Mn(II) and Cd(II) ions, but for 

Ni(II) increased in the beginning, then 

decreased.   

4.1.5. Effect of temperature 

It became known that temperature 

significantly impacted the adsorption 

action, as indicated by the superimposition 

of the curves at various temperatures (30, 

40, 50, and 60 °C) as depicted in fig (9). It 

was shown that the adsorption capacity 

and percent of elimination rose for the 

three tested metal ions as the temperature 

rose [45].  
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Fig. (8) Conc.'s effect on the elimination 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. (9) Metal ions adsorption isotherms 
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4.2. Adsorption kinetics  

Adsorption kinetic mechanism 

investigation of metal ions onto the 

modified chitosan is carried out using 

three kinetic models: intraparticle 

diffusion models, pseudo-first-order model 

and pseudo-second-order model. The          

adsorption of metals on modified chitosan 

is represented with kinetic parameters in 

fig. (10) and table (1). The coefficient 

determination (R
2
) of the set data, as 

shown by the R
2
 result, indicates that the 

experiment fits the pseudo-second-order 

model perfectly [46,47]. Intraparticle 

diffusion of uptake of studied heavy 

metals on modified chitosan was shown in 

fig. (11). 

 
Fig. 10. Pseudo-second order model 

Table 1 Kinetic characteristics of metal ions 

 

Metal ion 

 

qe (exp.) 

 .Pseudo-first order  .Pseudo-second order 

qe  k1 R2 qe k2 x10-5 R2 

(calc.) (min-1) (calc.) (gmg-1 min-1) 

Mn(II) 1.38 0.03 0.03 0.21 1.39 0.63 0.99 

Cd(II) 1.72 0.05 0.03 0.31 1.73 0.58 1.00 

NI(II) 2.13 0.33 0.004 0.16 2.22 0.19 0.99 
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Fig. (11) Intraparticle diffusion of metal’s elimination 

 

Table 2 Intraparticle diffusion of of metal’s elimination 

Heavy metal Ki X R
2
 

Mn(II) 0.013 1.250 0.611 

Cd(II) 0.013 1.579 0.640 

NI(II) 0.064 1.353 0.953 

 

The coefficient of efficiency, or R
2
, shows 

how dependent two variables are on one 

another as shown in table 2 [48]. R
2
 values 

close to 1 indicate that the outcome fits 

that model. The adsorption is 

demonstrated to follow pseudo-second 

order [49].  

4.3. Adsorption models 

In order to align with the isothermal 

experimental data, various isothermal 

models were utilized [50]. Assuming an 

equivalent and energetically identical 

adsorption site, Langmuir assumes a 

monolayer covering adsorption approach 

[51,52]. In linearized form, it can be 

represented as eq. (9): 

   Ce/qe=Ce/qe+1/(KLQmax)                   (9) 

The graph of Ce/qe vs. Ce showed an equal 

slope and intercept of 1/Qmax and 

1/KLQmax, respectively fig. (12). At all 

temperatures, At the identical temperature, 

the adsorption behavior was nearly 

monolayer, obeyed the isotherm of 

Langmuir, and had similar experimental 

and anticipated Qmax values. This occurred 

in spite of the adsorber's diverse nature. 

[53-56].            

Multi-layer adsorption across a 

heterogeneous surface can be modeled 

using the Freundlich isotherm model 

[57,58]. To express the linearized form, 

use equation (10):  

0
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Ln qe= lnKf   – (1/n) lnCe                                  (10)                                                                                                                        

The adsorption capacity is expressed as Kf 

(mg/g). Based on the (1/n) value, the 

isotherm's kind is identified. However, 

absorption of ions was clearly more with 

line with the Langmuir model than the 

Freundlich model [59]. 

 
 

 
Fig. (12) isotherm of Langmuir ion uptake 

4.3.1.The-D-R-dubinin-

rdushkevich  

An isotherm is a model that depends on 

temperature and can be utilized to identify 

the kind of adsorption mechanism 

(physical or chemical) by analyzing how 

energy is distributed on a surface that is 

heterogeneous [60,61]. 

As to the article, physisorption takes place 
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−1
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kJmol
−1

. The findings showed that 

physisorption is responsible for the uptake 

of metals on modified chitosan [62]. 

 

 

 

 
 

 
Fig. (13) Plot of the Dubinin-Radushkevich isotherm for metal ion adsorption 
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Table (3) Dubinin–Radushkevich for metal’s sorption  

 

 

4.3.2. Thermodynamic treatment of 

studied ions sorption process 

The following equations (14,15) were used 

to obtain the thermodynamic variables 

shown in table 4, Entropy change (ΔS), 

enthalpy change (ΔH), and standard Gibbs 

free energy change (ΔG) are among them.  

ΔG°=ΔH°-TΔS°                                      (11)   

ΔG°=-RTlnKₒ                                          (12) 

By using the Khan and Singh method [63], 

plotting ln (qe/Ce) against Ce at different 

temperatures allowed for the calculation of 

the sorption distribution coefficient K0. 

After then, the coefficient was 

extrapolated to zero Ce. The negative value 

of ΔG° demonstrated the spontaneous 

character of the adsorption reaction [64-

66]. The ΔG° negative value rose with 

increasing temperatures, suggesting that 

high temperatures are more favorable for 

the investigated uptake [67,68]. Because 

|ΔH°| is smaller than |TΔS°| and the TΔS° 

value changed very little for each metal 

ion at all temperatures, the adsorption 

process was dominated by entropic rather 

than enthalapic changes [69]. 

 
 

Temp. 

Mn(II) Cd(II) Ni(II) 

DRk B E DRk B E DRk B E 

(mg 

/g) 

(mol2 

)2-kJ 

(kJ 

/mol) 

(mg 

/g) 
 

(mol2 

)2-kJ 

(kJ 

/mol) 

(mg 

/g) 

 

(mol2 

)2-kJ 

(kJ 

/mol) 

303 5.41 0.23 1.48 5.61 0.23 1.48 3.48 0.16 1.79 

313 5.77 0.19 1.60 5.89 0.18 1.65 3.75 0.14 1.9 

323 5.92 0.17 1.74 6.18 0.15 1.81 4.03 0.12 2.01 

333 6.21 0.14 1.88 6.34 0.1 2.26 4.29 0.11 2.16 
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Fig. (14) Van’t Hoff plots for the uptake of metals 

Table 4. Thermodynamic characteristics of metal adsorption 

Heavy metal ΔH° (kJ/mol) ΔS° (kJ/mol) Temp.(K) ΔG° (kJ/mol) TΔS° (kJ/mol) 

 
Mn(II) 

19.75 0.07 

303 -0.4 20.15 

313 -1.06 20.82 

323 -1.73 21.48 

333 -2.39 22.14 

 
Cd(II) 

22.31 0.07 

303 0.07 22.24 

313 -0.66 22.97 

323 -1.40 23.71 

333 -2.13 24.44 

Ni(II) 12.68 0.05 

303 -1.29 13.97 

313 -1.75 14.43 

323 -2.21 14.89 

333 -2.67 15.35 

5.  Metal desorption and 

adsorbent recycling 

The goal of the regeneration studies was to 

evaluate the adsorbent's reusability and 

identify the optimal reagent for metal’s  

cations adsorption. By employing potent 

chelating agents, heavy metals can be 

eliminated using this technique [70]. In 

this instance, the loaded adsorbent with the 

heavy metals under investigation was 

shaken and exposed to ethanol for about an 

hour. During several adsorption/desorption 

five cycles, the regenerate resin showed an 

equivalent capacity to absorb.  

6. Application of modified 

chitosan for industrial wastewater 

treatment 

utilizing real samples with high levels of 

multi-metal ions, the modified chitosan's 
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adsorption capacity was tested utilizing a 

water pump near an agricultural drain and 

adjacent to agricultural land as shown in 

(table 5). 

Table 5. ICP results of real samples before and after treatment with modified chitosan 

Metal ion 

Water pump sample 1 next to 

agricultural land 

Water pump sample2 next to 

agricultural drain 

Ci (mgL-1) Cf (mgL-1) Removal % Ci  (mgL-1) Cf (mgL-1) Removal  % 

Mn 0.88 0.175 80.20 0.8 0.14 82.5 

Cd 0.4 0.075 81.25 0.37 0.07 81.43 

Ni 0.03 0.004 86.67 0.025 0.003 86.8 

Ba 0.16 0.04 75 0.12 0.028 76.42 

Cu 0.09 0.02 78.02 0.086 0.018 79.07 

 

7. Conclusions 

Formaldehyde was added to chitosan 

to modify it. The generated adsorbent was 

characterized using several technologies. 

Many parameters (adsorbent dose, pH, 

duration, and adsorbate concentration) 

affected the adsorption process. The 

adsorbent showed rapid kinetics for the 

studied ions, with maximum absorption 

taking place in 60 minutes. The adsorption 

capacity for three ions rose as the 

adsorbate concentration was increased 

until saturation was reached. We used the 

D-R, Freundlich, and Langmuir adsorption 

isotherm models. The adsorption was 

found to be consistent with the Langmuir 

adsorption isotherm model. for five cycles, 

the adsorbent was regenerated in order to 

efficiently reabsorb metal ions. It was 

discovered that the adsorbent worked 

incredibly well to treat actual water pump 

samples. 
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