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Abstract: One of the newest methods to remove pollutants from water is the use of magnetic chitosan 

nanocomposites. Here for the first time, we used two phosphoramide compounds, N-Nicontinyl-N', 

N"-bis (piperidinyl) phosphoric triamide (P1) and N-Nicontinyl- N', N"-bis (4-methyl piperidinyl) 

phosphoric triamide (P2), in the structure of chitosan-based magnetic nanocomposites for the removal  

of Cu (II) ions from aqueous solution. The two chitosan/Fe3O4/ phosphoric triamide nanocomposites, 

NC1 and NC2, prepared using P1 and P2 respectively, were characterized using XRD, EDX, VSM, 

SEM, BET, and BJH methods. Removal of Cu (II) ions from polluted water was tested in different 

user conditions: pH (3-11), adsorbent dosages (5-25mg), and contact time of adsorbent with aqueous 

solutions (5-600 min). AAS (Atomic Absorption Spectroscopy) results showed that with increasing pH 

from 3 to 9, the amount of removal of Cu(II) ion increased, and with increasing pH from 9 to 11,  

the removal rate decreased. Heightening the contact time until 451 minutes also enhanced the removal 

efficiency up to 97.44%; After this time, the reduction of the removal amount was observed probably 

due to the desorption phenomena. Similarly, with the increasing amount of adsorbent (from 5 to 25 mg), 

the removal of Cu(II) ion increased too. Using Response Surface Modeling (RSM) the different 

conditions were transformed into RSM parameters and a second-order quadratic model was built  

to minimize the number of runs (36 runs) and also predict responses. A good correlation (with R2 = 0.9237) 

was found between the experiment and the statistical model, for removing Cu(II) ions from  

the aqueous solution using these adsorbents. 
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INTRODUCTION 

Currently, water is a highly important resource  

for humans and has far-reaching implications both 
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environmentally, politically, socially, and economically 

across the globe. Due to its toxicity to human health, heavy 
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metal ions are subjected to extensive surveying and global 

restrictions are becoming ever more stringent [1, 2]. 

Copper is an essential element for the health and well-being 

of animals and plants, yet an excess of it can prove 

detrimental to all creatures. The overconsumption of 

copper can lead to a variety of health issues including 

headaches, liver diseases, heart irregularities, anemia and 

intestinal problems [3]. Activities such as metal melting, 

biocide application, and fungicide use involving copper 

can lead to water pollution [4]. Therefore, it is necessary 

to remove or reduce copper ions from contaminated 

drinking water and industrial wastewater output. 

 Recently, there has been considerable focus on 

employing chitosan nanocomposite derivatives for water 

purification purposes [5, 6]. Magnetic adsorption methods 

for wastewater treatment have gained substantial 

recognition in recent times, and are important to the 

process of separation [7–10]. The salient advantage of 

magnetic separation is that it facilitates the purification of 

a large amount of water in a short time span, with minimal 

energy investment and without compromising environmental 

quality [11]. Magnetic Chitosan Composites (MCC) 

containing a matrix of a dispersed phase including 

magnetic particles and chitosan polymer have attracted 

much attention in various fields including biomedicine, 

(drug delivery, artificial muscle, enzyme-based biofuel 

cells, bone regeneration) [12–15], environmental 

(contaminant removal, pollutant degradation) [16–19] and 

analytical applications such as (separation, biosensor, 

fluorescence probes, affinity chromatography) [20–23]. 

Also, MCCs have frequently been used in water treatment 

[24–26]. 

In addition to magnetic nanoparticles, numerous other 

compounds have been incorporated into the structure of 

magnetic chitosan nanocomposites, and their properties 

have been studied. For example,  the effect of chitosan/ Fe3O4/ 

2-aminopyridine glyoxal Schiff's base has been investigated  

on the removing of Ni(II), Cu(II), and Cd(II) [24]. Here, 

we have used two phosphoramidic compounds as novel 

additives in magnetic chitosan nanocomposites and 

studied them as adsorbents for Cu(II) ion removal. 

Phosphoric triamides are one of the most important classes 

of organophosphorus compounds that are utilized across 

many disciplines, including anticancer prodrugs, 

cholinesterase and butyrylcholinesterase inhibitors, 

pesticides, insecticides, catalysts of numerous chemical 

reactions and functional ligands in coordination chemistry. 

These compounds have drawn considerable attention  

due to their various noteworthy properties [27–38]. 

Given that most toxic metal ions are more readily 

adsorbed in acidic media and chitosan is soluble in low 

pHs, cross-linking agents such as glutaraldehyde [39], 

epichlorohydrin [40] and ethylene glycol diglycidyl ether [41] 

are often employed to reduce the dissolution of chitosan 

in acidic media. The cross-linking process provides  

an effective means of ensuring superior chemical  

and mechanical properties in the resultant chitosan [42,43]. 

Here, we prepared cross-linked magnetic chitosan\ N- 

Nicotinyl phosphoric triamide nanocomposites and used 

them to remove Cu(II) ions from an aqueous solution. 

Furthermore, different user conditions for adsorbent 

dosage, time, pH, and two types of adsorbent were optimized 

by RSM for optimal removal of Cu(II) ions. 

 

EXPERIMENTAL SECTION 

Chemicals and reagents 

Phosphorus pentachloride, Ferric nitrate, Ferrous 

chloride tetrahydrate, 4-methyl piperidine, Piperidine, 

Carbon Tetrachloride, acetic acid, acetonitrile, distilled 

water, and starch obtained from Merck Co. High 

molecular weight chitosan was obtained from Loba 

Chemie Pvt. Ltd. Glutar aldehyde (25 wt% in water) was 

obtained from Daejong Co.  Nicotinamide was obtained 

from Acros Co. All compounds were used without any 

further purification. 

 

Synthesis  

N- Nicotinyl phosphoric triamides 

The N- Nicotinyl-N', N"-bis (piperidinyl) phosphoric 

triamide (P1) and The N- Nicotinyl-N’, N’’-bis (4-methyl 

piperidinyl) phosphoric triamide (P2) was synthesized 

based on the literature method [44]. Briefly, to a mixture 

of acetonitrile and N-Nicotinyl phosphoramidic dichloride 

(1 mmol), desired amine, piperidine for P1 and 4-methyl 

piperidine for P2, (4 mmol) was added at 0◦C. After  

8 hours, the sediment obtained was filtered and washed 

with distilled water to obtain the final product, and 

dried at 25 °C. 

 

Synthesis of Fe3O4 nanoparticles 

The Fe3O4 magnetite nanoparticles were synthesized  

by a general procedure reported in the literature [45]
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Table 1: The applied variables and design surfaces for each parameter 

Type of variables Variables 
surfaces   

+Alpha +1 0 -1 -Alpha 

 A: pH 11 9 7 5 3 

Numerical B: Contact time (min) 600 451.25 302.50 153.75 5 

 C: Dosage of adsorbent (mg) 25 20 15 10 5 

Categorical D: Nanocomposite Structure 
Nanocomposite Structure 1 Nanocomposite Structure 2 

NC1 NC2 

A mixture of anhydrous Fe(NO3)3 (2 mmol) in ethanol  

and FeCl2·4H2O (1 mmol) plus 20 mmol of starch, was stirred 

for 1 hour at pH 8. Then, the obtained precipitate after 

washing with ethanol was dried in the vacuum [46]. 

 

Preparation of Chitosan/Fe3O4 NPs/Phosphoric triamide films 

To the suspension containing 0.5 g of powder of 

chitosan in 5 ml of distilled water, 3 ml of acetic acid was 

added and the mixture for 2 hours was placed in an 

ultrasonic bath to obtain a homogeneous gel. Then a 

mixture of 0.05 g (10% weight of chitosan) N-Nicotinyl 

phosphoric triamide P1 or P2 with ethanol was added to 

the chitosan solution and placed for 30 minutes in the 

ultrasonic bath. Next, 0.25g (5% weight of chitosan) of 

Fe3O4 NPs was added to the mixture and placed again in 

the ultrasonic bath for another 30 min. Following this, the 

mixture was sonicated by an ultrasonic probe to effectively 

distribute the nanoparticles and phosphoric triamide 

compounds within the chitosan framework. Films were 

prepared by drying the mixture in a Petri dish then left  

in a desiccator with glutaraldehyde vapor at 0.5 atm for  

a period of 24 hours to complete the chitosan cross-linking 

process. Afterward, the product films were washed  

with ethanol, acetic acid and distilled water consecutively 

to remove uncrosslinked chitosan and any remaining 

unreacted glutaraldehyde before being dried at room 

temperature. 

 

Characterization of the adsorbents 

The surface morphology of the NC1 and NC2 was 

investigated with Scanning Electron Microscopy (SEM, 

Mira II, Tescan Co.). The elemental analysis of the 

prepared nanocomposite films was determined by Energy-

Dispersive X-ray spectroscopy. (EDX, Mira II, Tescan Co.). 

The specific surface, pore volume, and pore size of the 

adsorbents were determined using Brunauer, Emmett, and 

Teller (BET) method (ASAP 2020 M+C, Micromeritics, Co.). 

Phase analysis of the fabricated framework was carried out 

by X-ray diffraction (XRD) (Model: Equinox 3000, Intel Co.). 

Using a vibrating sample magnetometer (VSM, Model: 

7407, Lake Shore Co.), the magnetic behavior of Fe3O4 

nanoparticles, NC1 and NC2 was investigated. 

 

Cu(II) ions removal 

First, 20 ml of a Cu solution with 100 mg/L 

concentration, was prepared by dissolving Cu(NO3)2 in 

distilled water in all cases. The pH of the solution was 

adjusted by using HNO3 and NH3, both with the 

concentration of 0.1 M. As stated by the adsorption design 

matrix of variables in Table 1, two adsorbents (NC1 and 

NC2) were used with different doses (5-25 mg) for 

different solutions at different times (5-600 minutes) and 

pH (11-3). The samples were stirred on a thermostatically-

controlled stirrer at 25 °C and 150 rpm. Following each 

run, solid phase was separated by means of a magnet and 

the adsorption of Cu(II) ions for each sample was analyzed 

using atomic absorption spectroscopy (Model: AAS-240- 

Varian Co.). 

To calculate the removal efficiency of Cu(II) ions, the 

difference between the initial and residual concentrations 

was used to determine the percentage of removed Cu(II) 

ions using the following equation [47]: 

𝑅% =
(𝐶𝑖−𝐶𝑒)

𝐶𝑖
× 100                                                       (1) 

𝑞𝑒 =
𝐶𝑖−𝐶𝑒

𝑚
× 𝑉                                                               (2) 

Where Ce (mg/L) is the equilibrium concentration 

(After removal) and Ci (mg/L) is the initial concentration. 

In Equation (2) which considers the adsorption process:  

V is the solution volume (L), qe (mg/g) is the adsorption 

capacity, and m is the adsorbent mass (g). 

The equilibrium value of the adsorption process can be 

expressed through the distribution of Cu(II) between  

the adsorbent and liquid phase, which can be evaluated 
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using isotherm models. In this study, equilibrium data  

for two-parameter isotherm models was used, specifically 

Langmuir [48] and Freundlich [49]. The Freundlich and 

Langmuir isotherms were utilized to analyze the Cu(II) 

removal using magnetic chitosan nanocomposites. 

Langmuir:    
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚𝑎𝑥𝐾𝐿
+

𝐶𝑒

𝑞𝑚𝑎𝑥
                                     (3) 

Freundlich:   log 𝑞𝑒 = log 𝐾𝐹 + (
1

𝑛
) log 𝐶𝑒                    (4) 

Where KL (L /mg) is the Langmuir constant related 

to the monolayer adsorption capacity and the 

adsorption’s free energy (KL =e−ΔG/RT). KF (L/mg) is the 

Freundlich constant related to sorption capacity, qmax 

(mg/g) is the maximum adsorption capacity and n is 

the heterogeneity factor. The constants for the 

Freundlich and Langmuir models for linear regression 

were obtained from plotting (i) (Ce/qe) versus Ce and 

(ii) log qe against log Ce. 

 

Response surface modeling 

Response Surface Modeling (RSM) is a practical 

statistical approach that utilizes quantifiable data derived 

from scientifically designed experiments to optimize  

a regression model and adjust its operational parameters 

[50]. The primary goals of RSM are to devise the 

experimental layout for a process and to ascertain the best 

set of operational variables for it [51]. The design  

of an adsorption process experimentally can decrease 

processing time, variability, and total expenses while 

attaining improved process output [52]. The RSM 

approach has been widely utilized in chemical engineering 

and optimization of sorption processes [53]. The Central 

Composite Design (CCD) method has been extensively 

utilized to develop a second-order model and requires  

a minimal amount of experiments to be conducted.  

The response surface modeling technique helps to analyze 

the reaction of total variables space and to identify  

the region where it attains its optimal value. 

According to Table 1, three parameters (time, pH,  

and adsorbent dosage) were chosen for the two 

nanocomposites. Afterwards, Design Expert 7.0 was utilized 

in order to perform regression analysis and determine  

the constants of the response model [51]. The relationship 

between the response of the process and the three 

independent variables is modeled by a quadratic equation 

[54]. 

𝑌 = 𝑎0 + ∑ 𝑎𝑗
𝑛
𝑗=1 𝑋𝑗 + ∑ 𝑎𝑗𝑗

𝑛
𝑗=1 𝑋𝑗

2 + ∑ ∑ 𝑎𝑗𝑖 𝑋𝑗𝑋𝑖
𝑛
𝑗=1

𝑛
𝑖  (5) 

Here Y is the response coefficient for Cu(II) removal, a0 is 

the intercept term,  Xi and Xj are variables, ai is a factor 

that defines the effect of the parameter (i) in the response 

for the linear term, and, aij refers to the interaction effect 

between the i and j variables and aii can be considered  

as the shape parameter of the curve (quadratic effect). 

The integrity of fit of the model equation is estimated 

by Adjusted R2 and R2. The Adjusted R2 modifies the R2 

value for the amount of samples and number of terms  

in the model [53]. 

In order to optimize the three variables of this study,  

36 experiments were designed using Design Expert 7.0. 

The matrix related to the residual concentrations of Cu(II) 

and the design as a response is presented in Table 2.  

The performance of the method is quantified through  

a quadratic equation: 

Y= (Cu Removal) = 8.98 + 0.97A + 0.082B + 0.25C + 

0.14D – 0.69A2 – 0.14B2 + 0.061C2 

Where A, B, C and, D are respectively pH, time, 

adsorbent dosage and the type of nanocomposite. 

 

RESULTS AND DISCUSSION 

Characterization of chitosan/Fe3O4/phosphoric triamide 

nanocomposites 

X-Ray diffraction (XRD) analysis 

For the approval of the presence of Fe3O4 nanoparticles 

and phosphoric triamide compounds in nanocomposite 

frameworks, the structure of the chitosan, phosphoric 

triamide, and magnetic nanocomposite was indicated  

by XRD and the diffractograms was shown in Figs. 1 and 2. 

Characteristic diffraction peaks of  Fe3O4 in the XRD 

graph of nanocomposite films, based on the standard cards 

can be indexed as (220), (311), (400), (422), and (333) 

planes [55]. As it can be seen in Figs. 1 and 2, the mixing 

process did not cause any phase change in Fe3O4 MNPs 

and other components of the nanocomposites. 

The utilization of ultrasonic waves in the mixing 

process has caused a variance in the intensity of some 

phosphoric triamide selections. While there is minimal 

effect of scattering on the structures of phosphoric triamide 

and magnetic particles, one noticable exception is that  

the amorphous phase of chitosan appears as the major 

source  
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Table 2: Design matrix of three variables in actual and coded forms along with observed response 

Run pH Contact time (min) Adsorbent dosage (mg) Type of Nanocomposite Removal efficiency (%) Predicted Removal efficiency (%) 

1 7 302.5 15 NC1 74.2 78.03 

2 3 302.5 15 NC1 17.68 16.65 

3 7 302.5 5 NC1 69.91 71.27 

4 9 451.25 10 NC1 85.17 76.6 

5 5 451.25 10 NC1 49.21 50.22 

6 7 5 15 NC1 59.62 61.35 

7 9 451.25 20 NC1 95.67 88.12 

8 11 302.5 15 NC1 58.68 70.69 

9 7 600 15 NC1 67.14 68.23 

10 5 153.75 20 NC1 55.52 56.06 

11 9 153.75 10 NC1 81.31 73.28 

12 7 302.5 15 NC1 77.29 78.03 

13 7 302.5 25 NC1 88.84 91.11 

14 5 153.75 10 NC1 47.02 47.74 

15 9 153.75 20 NC1 95.34 83.72 

16 5 451.25 20 NC1 59.7 59.62 

17 7 302.5 15 NC1 79.19 78.03 

18 7 302.5 15 NC1 76.17 78.03 

19 5 451.25 10 NC2 53.21 54.78 

20 5 153.75 10 NC2 52.63 53.18 

21 5 451.25 20 NC2 62.39 62.42 

22 7 600 15 NC2 71.14 71.69 

23 7 302.5 15 NC2 86.9 82.37 

24 5 153.75 20 NC2 56.13 59.74 

25 7 302.5 5 NC2 73.37 77.37 

26 7 302.5 25 NC2 89.9 93.69 

27 7 5 15 NC2 67.54 66.57 

28 9 153.75 10 NC2 89.45 79.16 

29 11 302.5 15 NC2 58.91 75.47 

30 9 451.25 20 NC2 97.44 91.36 

31 9 153.75 20 NC2 97.13 87.84 

32 7 302.5 15 NC2 81.88 82.37 

33 9 451.25 10 NC2 91.56 81.6 

34 3 302.5 15 NC2 18.66 20.55 

35 7 302.5 15 NC2 88.37 82.37 

36 7 302.5 15 NC2 83.22 82.37 

of scattering in Figs. 1(a) and 2(a). Due to the high 

crystallinity of the phosphoric triamide component of the 

nanocomposite, sharp peak patterns of phosphoric 

triamide are observed [56] (Fig. 1b and 2b), While chitosan 

shows only one wide particular peak at 2Ɵabout 20◦ 

because of its amorphous polymeric structure (Fig. 1c and 

2c). The Full Width at Half-Maximum (FWHM) of each 

2Ɵ position for phosphoric triamide used in the Debye–

Scherrer equation to calculate the average crystallite 

size is determined (d = 0.9λ/βcos Ɵ) [57], where (λ) is  
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Fig1: XRD patterns of NC1 (a), P1 (b) and Chitosan (c) 

 

the wavelength of the X-ray, (β) is the full width at half 

maximum or FWHM, (Ɵ) is the diffraction angle and (d) 

is the average crystallite size. From the above equation,  

the average crystal size was obtained as 39.10 nm for P1 

and 40.11 nm for P2.  

 

FE-SEM micrographs, EDX and BET 

Field Emission Scanning Electron Microscopy 

(FE-SEM) and EDX was used to investigate the 

morphology of the surface, estimating the particle 

sizes and assuring the elemental analysis of the cross-

linked Fe3O4/Chitosan/N-Nicotinyl phosphoric 

triamide nanocomposite films (Fig. 3 and 4).  

As illustrated in Fig. 3, the nanoparticles are visible  

in the structure of the nanocomposites, and an optimal 

dispersion of the components can be seen at the surface 

of the products. EDX results clearly showed that the 

phosphoric triamide compound and Fe3O4 

nanoparticles were correctly supported on the 

framework of chitosan (Fig. 4). 

Utilizing the Brunauer–Emmett–Teller (BET), the pore 

size, specific surface area, and the total pore volume of 

NC1 and NC2 were also defined in Table 3. Results 

showed that NC2 has more suitable surface properties  

for adsorbing Cu (II) ions than those for NC1. 

 

 
Fig2: XRD patterns of NC2 (a), P2 (b) and Chitosan (c) 

 

VSM analysis 

The Fe3O4 nanoparticles and the prepared 

nanocomposites (NC1 and NC2) magnetic hysteresis loops 

are shown in Fig. 5. As can be seen from the hysteresis 

loops, regarding the magnetic saturation scale, Fe3O4 NPs 

show a super-paramagnetic behavior and as-prepared 

nanocomposites, NC1 and NC2 have a paramagnetic 

manner. This means that these nanocomposites as 

magnetic adsorbents can be deemed as cost-effective water 

purifiers easily removed by a magnetic field after 

removing Cu(II) ions. 

The measured saturation magnetism for Fe3O4 NPs, 

NC1, and NC2, were 63.37, 1.72, and 1.89 emu/g 

respectively. The lower magnetic value for NC1, and NC2 

compared with naked Fe3O4 nanoparticles, which has been 

reported for similar magnetic nanocomposites, could be 

due to the coverage of magnetic Fe3O4 NPs by the matrix 

of non-magnetic components (here: chitosan and 

phosphoric triamide) [58].  

 

Adsorption isotherms 

To optimize the parameters of the adsorption process, 

Langmuir and Freundlich models of isotherm were used 

for the analysis of experimental data. Langmuir model 

can be used for monolayer adsorption on surfaces with  
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Table 3: Nanocomposites Porosimetry data of BET  

 Specific surface area (m2
/g) Pore size (nm) total pore volume (cm3/g) 

NC1 1.778 7.914 0.178 

NC2 2.828 14.542 0.649 

 

 
Fig3: The FE-SEM micrograph of NC1 (a), NC2 (b) 

 

 
Fig4: The EDX analysis of NC1 (a), NC2 (b 

 

 

 

Fig 5: Magnetic hysteresis loops of Fe3O4 nanoparticles (a), NC1 (b) and NC2 (c) 
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Table 4: Parameters of adsorption isotherms for Cu(II) adsorption on NC1 and NC2 

Isotherm Equation  Value of parameters 
Adsorbents 

NC1 NC2 

Langmuir 
𝐶𝑒

𝑞𝑒

=
1

𝑞𝑚𝑎𝑥 𝐾𝐿

+
𝐶𝑒

𝑞𝑚𝑎𝑥

 

The constants qmax 

and KL are calculated 

by the plot of Ce/qe 

versus Ce with slope 

1/qmax and intercept 

1/(qmax.KL) 

qmax (mg/g) 113 113.21 

KL (l/mg) 737965.91 453698.2 

R2 0.995 0.995 

Freundlich 

log 𝑞𝑒

= log 𝐾𝐹 + (
1

𝑛
) log 𝐶𝑒  

KF and n can be 

calculated from a 

linear plot of logqe 

against logCe 

1/n 0.142 0.3005 

KF (l/mg) 151.63 310.64 

R2 0.9963 0.998 

 

Table 5: Comparison of various adsorbents used for Cu(II) removal from aqueous solutions 

Ref. Removal efficiency % Adsorption capacity (mg/g) Temp. (K) Optimum pH Adsorbent 

This study 95.67 113 298 9 NC1 

This study 97.44 113.21 298 9 NC2 

[64] 95 123.6 298 10 - 11.5 Poly-acrylamide 

[64] 99.6 82.4 298 10 – 11.5 Poly-ferric sulfate 

[65] 99.9 200 298 8 - 10 CTABr 

[66] 97 200 298 8 - 10 Zeolite 

[67] 95 NA 298 8.5 – 9.5 chitosan-enhanced membrane filtration 

[68] 98 NA 298 4 - 11 Polyamide 

[69] 80 NA 298 9.5 2Mg(OH) 

[70] 58 76 303 5 
Formaldehyde cross-linked modified chitosan–thio 

glyceraldehyde Schiff's base 

[71] NA 34.5 298 5 Xanthate-modified magnetic chitosan 

[72] NA 78.13 298 6 Cross-linked magnetic chitosan beads 

[73] NA 104 303 7 Uniform magnetic chitosan microcapsules 

[74] NA 96.15 295 6 
Chitosan-coated magnetic nanoparticles modified 

with α-ketoglutaric acid 

[75] NA 95 301 5 Magnetic chelating resin based on chitosan 

[8] NA 174 303 5.5 
Thiourea-modified magnetic ion-imprinted 

chitosan/TiO2 composite 

[76] NA 23.4 318 7 Fly ash-based linde F (K) Zeolite 

[77] NA 7.93 298 8 Riverbed Sand 

[78] NA 19 298 10 Sodium iodate cork biomass 

NA: Not Available 

 

a limited number of identical sites of adsorption [48].  

The Freundlich Isotherm is an earlier experimental equation 

that is reliable with an exponential dispersion of active sites and 

assumes adsorption of metal ions occuring on the heterogenous 

surface of the adsorbent [49]. In Table 4, the linear form  

of Langmuir and Freundlich isotherm models is shown.  

The constants of the Langmuir and Freundlich 

isotherms, as well as the coefficients of the correlations 

with this research's experimental data, are displayed  

in Table 5. The coefficient of correlation, (R2), is higher 

for Freundlich isotherm compared to Langmuir isotherm. 

Also, Maximum adsorption capacity (qmax) calculated, and 

it was 113 mg/g for NC1 and 113.21 mg/g for NC2.  

The (n) value obtained from the Freundlich isotherm was 

>3.3, which is bigger than 1.0, informing a high affinity 

between the adsorbent and adsorbate [59]. 

 

Performance evaluations 

Table 5 shows the comparison of maximum absorption 

capacities (qmax) for Cu(II) using NC1 and NC2 with other 

results reported in the literature. It is observed that the 

maximum absorption capacity of Cu(II) for NC1 and NC2 

is higher than most other materials, which is due to  

the strong adsorption capacity of NC1 and NC2. 
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Table 6: Analysis of variance results (ANOVA) for quadratic model used for Cu(II) adsorption 

Source of variation Sum of Squares DF Mean square F-value P-value Prob > F 

Model 12661 13 973.92 20.48 < 0.0001 

A-pH 6605 1 6605 138.89 < 0.0001 

B-Time 57 1 57 1.21 0.2838 

C-Dosage 618 1 618 13 0.0016 

D-NC 186 1 186 3.91 0.0608 

A2 4513 1 4513 94.91 <0.0001 

B2 454 1 454 9.55 0.0053 

C2 4.90 1 4.90 0.1 0.7512 

Residual 1046 22 47.56   

Lack of fit 1005 16 62.84 9.21 0.0058 

Pure Error 40.91 6 6.82   

Cor Total 13707 35    

R2 = 0.9237, CV = 9.71%, Adjusted R2= 0.8786, Predicted R2= 0.7484, DF: Degree of freedom. 

 

It is evident that Cu(II) ions can be removed from 

aqueous solutions across a broad pH range using various 

chemical modification agents depending on the removal 

process, agent utilized, and pH of the medium. As illustrated in 

Figs. 7 and 10, the optimal removal pH for NC1 and NC2 

is pH 9. By increasing the pH from 9 to 11, some Cu(II) 

ions precipitate in the forms of Cu(OH)4
2- , Cu(OH)3

-,  

and Cu(OH)2 [60]. Thus, the amount of Cu(II) ions  

in the aqueous solution decreases and the active sites  

on the adsorbent's surface become occupied by Cu(OH)3
-, 

Cu(OH)2, and Cu(OH)4
2- species, which according to their 

sizes can occupy more spaces of nanocomposites' active 

sites. The decrease in removal efficiency of Cu(II) ions  

at pH levels higher than 9 is caused by these two 

phenomena [52]. In other words, the decrease in copper 

removal rate for solutions with a pH above 9 is due to the 

competition between the active sites of adsorbent surface 

networks for adsorption of Cu(II) ions and hydroxide ions 

in solution [61, 62]. This state forms a MOH bond (M is a metal 

such as Cu) that chelates metal ions in solution, thereby 

limiting the transfer of metal ions to the active sites of the 

adsorbent and decreasing the adsorption percentage [63]. 

 

Removal of Cu(II) ions 

The results of the analysis of variance for the quadratic 

model used for Cu(II) ion adsorption obtained from RSM, 

as presented in Table 6, demonstrate a very close 

agreement between experiment and software's data 

prediction with both R2 and "Adjusted R2" values near 1. 

The associated Prob>F value for the quadratic model is 

also less than 0.0001, which indicates that the model is 

statistically significant for the response and thus suitable 

to be used in further analysis [79]. 

The value of R2 indicates how much of the variation in the 

data is accounted for by the model [80]. R2 coefficient, from the 

quadratic regression model, was determined with a value of 

0.9237. This means that 92.37% of the variation for Cu(II) 

removal efficiency is defined by the independent variables, and 

this means that only about 7.63% of the variation is not 

explained by this model. Additionally, Adjusted R2 is a 

measure of model fit that modifies the value of R2 by taking 

into account the number of predictors or covariates present in 

the model. Here, the value of Adjusted R2 (0.8786) is very near 

to the corresponding R2 value. The high R2 coefficient values 

indicate a satisfactory fit of the quadratic model to the 

experimental data [81]. Concurrently, in this research, the low 

value for the coefficient of variation percentage (C.V.%) 

(9.71%) is in the sufficient range (0.5–13.5%) [60, 61]. Also, 

this value implies that the change in the average value is 

satisfactory and acceptable [82], [83]. The "Lack of Fit  

F-value" of 9.21 implies that the Lack of Fit value is in 

acceptable range. There is just 0.58% chance that "Lack of Fit 

F-value" happened is out of noise. Also, the "Predicted R2"  

of 0.7484 is in acceptable agreement with "Adjusted R2" of 0.8786. 

The comparison between the experimental values and 

the predicted values of the Cu(II) removal efficiency  

is illustrated in Fig. 6. All the data points are closely 

aligned with the scatter regression line, confirming that  

the predicted values are in agreement with the 

experimental values [79]. 
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Fig.6: plot of predicted vs. experimental values for Cu (II) 

removal efficiency 

 

 
Fig. 7: 3D graph of interaction effect between pH and dosage 

of adsorbent at the Cu(II) removal level 

 

Estimation of the variables effect on the Cu(II) ions 

removal by RSM 

As evidenced by Table 6, Cu(II) adsorption capacity 

has generally been increased with the addition of  

N-Nicotinyl phosphoric triamide to the nanocomposite. 

This improvement can be attributed to the functional 

groups of the phosphoric triamides, including the amine 

group, which have been discussed previously in various 

publications [24], [45]. As shown in Table 6, the 

incorporation of N-Nicotinyl phosphoric triamide into 

nanocomposite altered the behavior of magnetic chitosan 

nanocomposite, with optimum pH being reached in an 

alkaline medium. Furthermore, the adsorption capacity 

increased compared to that of magnetic chitosan 

composite without N-Nicotinyl phosphoric triamide, 

which suggests that this additional compound is capable  

of enhancing Cu(II) ions removal efficiency. One of the 

critical elements for absorption is the pH of the aqueous 

solution, as this affects the connectivity of Cu(II) ions  

to adsorbents' functional groups. Numerous studies have 

examined pH's effect on the removal of Cu(II) ions with 

various adsorbents from both acid and alkaline solutions  

in a range from 2 to 9 [84]. In this study, it was observed 

that the removal of Cu(II) ions increased with an increase 

in pH up to pH = 9. Since the two prepared 

nanocomposites contain different functional groups such 

as OH, NH, NH2, and O=P, altering the pH of the solution 

will alter these functional groups' behavior. In low pH, 

most of the functional groups in the nanocomposite are 

protonated and present in their positive charge form. Also, 

H+ and H3O
+ ions, which a large amount of it exist in an 

acidic solution, and due to the competition with Cu(II) ions 

for absorption in the existing areas of the nanocomposite, 

it can reduce the amount of Cu(II) ions absorption in acidic 

media. As a result, electrostatic repulsion between the 

positively charged nanocomposite surface and Cu(II) ions 

leads to reduced adsorption at very low pH [17]. 

Fig. 7 illustrates the 3D graph of the relationship 

between adsorbent dose and pH in the adsorption 

process. As can be seen from Figs. 7 and 10, the percentage 

of Cu(II) removal is enhanced with an increase in pH 

(from 3 to 9), but decreases when pH is elevated above 

9. By increasing the pH from 9 to 11, some Cu(II) ions 

precipitate in form of Cu(OH)4
2-, Cu(OH)3

-, and 

Cu(OH)2 [60]. As the amount of Cu(II) ions in solution 

decreases, the active sites on the surface of the 

adsorbent become covered by Cu(OH)4
2-, Cu(OH)3

-, and 

Cu(OH)2
 species, According to their sizes, larger 

molecules can occupy more active sites of 

nanocomposites, leading to decreased efficiency of 

Cu(II) ions removal at pH values above 9 [52]. 

The quantity of adsorbent utilized in the metal 

adsorption process is a considerable factor. Optimizing the 

amount of adsorbent is a significant matter when it comes 

to decreasing the cost of the process and minimizing 

pollution [63]. In Fig. 8, the 3D plot displays the 

interaction effect between contact time and adsorbent 

dosage on Cu(II) removal level. As can be seen from this 

graph, when the adsorbent dosage is increased (from 5 to 

25 mg), there is a considerable increase in the rate of Cu(II) 

ions removal. Additionally, due to the presence of active 

sites on the adsorbent, an increase in adsorbent dosage also 

leads to an enhanced adsorption efficiency [85]. 

Fig. 9 illustrates a 3D plot depicting the effect of pH 

and contact time on Cu(II) ion removal. Figs. 9 and 11 

demonstrate that, as contact time increases, removal efficiency 

slightly decreases. This may be explained by the reduction 
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Fig. 9: 3D graph of interaction effect between contact time and 

pH at the Cu(II) removal level 

 

 

Fig. 10:One Factor estimation graph for pH effect at the Cu(II) 

removal level 

 

 
Fig. 11: One Factor estimation graph for contact time effect  

at the Cu(II) removal level 

 

in adsorption surface area that occurs when contact time  

is prolonged; this could be caused by either the removal  

of Cu(II) ions from the adsorbent surface or from  

the concentration of Cu(II) ions in solution [86]. At higher 

sorbent doses, it is possible to experience partial overlap, 

as there are fewer active surfaces [74,79,80]. 

 

CONCLUSIONS 

In this study, two new magnetic chitosan/ N-nicotinyl 

phosphoric triamide nanocomposite films were developed 

to efficiently remove Cu(II) ions from contaminated 

aqueous solutions. The Response Surface Methodology 

(RSM) was used to estimate the optimal conditions  

for removing this heavy metal ion from aqueous solutions. 

Moreover, the removal rate of Cu(II) from aqueous 

solution by the prepared nanofilms was studied in different 

user conditions.  

According to the obtained results, for NC1, in the 

optimal condition when 20 mg of adsorbent is in contact  

at pH 9 for 451.25 minutes, it can remove 95.67% of Cu(II) 

from the aqueous solution and the optimal condition  

for NC2 is the same as NC1 with the removal of 97.44% 

of Cu(II) from the aqueous solution. 
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