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Abstract 

In this research study, the carboxymethyl chitosan/poly(pyrimidine-thiophene-amide)/ 

Ni0.2Zn0.2Fe2.6O4 (CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4) was prepared as a novel magnetic 

bionanocomposite adsorbent. FE-SEM, EDX, NMR, XRD, FT-IR, and VSM techniques were 

applied for the analyses of the products. The adsorption behavior of the prepared 

bionanocomposite was investigated towards Nd
+3

, Tb
+3

, and Dy
+3 

as adsorbates. The adsorption 

process was evaluated considering the influence of independent parameters including pH of the 

solution, contact time, adsorbent dosage, initial metal ions concentration, and ionic strength. The 

adsorption efficiency values of 98.15, 97.6, and 99.42 % were respectively obtained for Nd
+3

, 

Tb
+3

, and Dy
+3 

at optimum conditions of pH = 5.5, 30 mg/L of the ions, adsorbent dosage of 0.06 

g, and contact time of 90 min. The data of the adsorption equilibrium of the ions were fitted well 

by Freundlich model. Kinetic studies showed that Nd
+3

, Tb
+3

, and Dy
+3

 adsorption followed both 

pseudo-second-order (PSO) and intra-particle diffusion (IPD) kinetic models. The values of ΔH
°
 

indicated that the ions adsorption process onto the bionanocomposite was endothermic, and the 

ΔG
°
 values revealed that it was spontaneous at higher temperature. The 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 could be regenerated by 0.2 M HNO3 and its separation was 

viable utilizing a magnetic field with the saturation magnetization value of 14.88 emu/g. 

Keywords: Carboxymethyl chitosan, Poly(pyrimidine-thiophene-amide), Magnetic, 

Bionanocomposite, Adsorption, Rare earth elements. 
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1. Introduction 

             Rare Earth Elements (REEs) contain 17 components of the periodic table that include 15 

lanthanides together with yttrium and scandium [1-3]. Light and heavy REEs are the additional 

subdivision of REEs based on atomic number. They possess exceptional properties and are 

regularly named as "seeds of technology" [4]. They are extensively utilized in various fields, for 

example, electronics, metallurgy, catalysis, alloys, superconductors, lasers, fertilizers, chemical 

reagents, nuclear energy, and magnets [5,6]. The total demand for REEs was reported 128,000 

tons in 2011, and this amount was raised up to 170,000 tons in 2015. It is also anticipated that it 

would increase up to 255,000 tons in 2020 with around 6-10 %/year growth rate [7]. This 

anticipated large demand for REEs is as a result of their broad usage in numerous fields of 

human life. According to this matter, their recovery from wastes seems to be necessary. Different 

techniques, such as precipitation, ion exchange, solvent extraction, and adsorption have been 

utilized for REEs recovery from aqueous media [8-11]. Numerous investigations have shown 

adsorption as a high-efficient, cost-effective and simple technique for REEs recovery from 

aqueous media amongst the physicochemical treatment techniques. 

            Chitosan is a derivation of chitin, a natural polysaccharide that comprises β(1-4)- 2-

amino-2-deoxy-D-glucan units and possesses superb adsorption performance for metal ions, 

chiefly owing to containing a large amount of amino and hydroxyl groups [12]. Its structure is 

like a crystal with hydrogen bonds. Nonetheless, the protonation of the amino groups in the 

acidic medium leads to losing structural strength by the formation of a gel-like solution that 

results in significant restrictions of its applications [13]. So as to solve this issue, the 

modification of chitosan has been carried out by sulfonation, nitration, hydroxyalkylation, 

quarternarization, hydroxylation, polyethyleneglycol-grafting, carboxymethylation, and so on 
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[14,15]. Amongst the derivatives of chitosan, carboxymethyl chitosan (CMC) is an amphoteric 

ether derivative that each molecule comprises the active groups of -COOH, -OH, and -NH2. The 

carboxymethylation of chitosan causes it to be dissolved in water. Thus, the problem related to 

losing the structural stability that takes place by -NH2 protonation in the acidic medium can be 

solved [16]. In addition, carboxyl groups are able to increase metal ions adsorption [17]. 

Whereas chitosan is a natural polymer, its derivatives like CMC also have some advantages such 

as being biocompatible and low toxic. 

        Recently, numerous polycondensation reactions have been conducted in ionic liquids (ILs) 

at room temperature (RT) as a substitute to several volatile toxic solvents [18]. In industry, it is 

necessary to substitute a great number of organic solvents with environmentally, nonvolatile and 

green solvents for preparing high molecular weight polymers. The attraction of ambient 

temperature imidazolium based ILs for substantial commercial productions and applications as 

solvents and catalysts in polymerization, extraction, and as alternatives for ordinary volatile 

organic solvents has been confirmed. Reviewing the ILs application in polymer fabrication 

verifies their performance. Consequently, different processes of polycondensation in the ionic 

medium have been effectively conducted [19]. 

          In recent years, increasing attention in the studies of synthetic polymer-polymer 

composites owing to the unique combination of beneficial properties and construction of 

multifunctional structures of each component has been reported. These composites display 

potentially greater thermal, mechanical, and electrical properties than the unique polymer [20]. 

Synthetic PAs are generally known as the first engineering plastics and are still considered as 

one of the best and most prominent classes of these types of materials. Hence, these polymers 

introduction in the natural polymers chemical structures is able to supply enhanced properties for 
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individual usages, for which polymer having these sequences have shown incredibly excellent 

properties [21]. 

          In this study, CMC, a novel biodegradable nanoporous polyamide (poly(pyrimidine-

thiophene-amide)) synthesized by polycondensation reaction of 5,5'-(thiophen-2-

ylmethylene)bis(2-aminopyrimidine-4,6-diol) (TMAPD) with terephthalic acid in 1,3-dipropyl 

imidazolium bromide {[1,3-(pr)2im]Br} ionic liquid as green media, and the hydrothermally 

synthesized Ni0.2Zn0.2Fe2.6O4 were applied to produce a novel bionanocomposite 

(CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4) by the gelation process. FE-SEM, EDX, NMR, XRD, FT-IR, 

and VSM were utilized to confirm the fabrication of the products. In the following, it was used 

as an adsorbent to investigate its effectiveness for Nd
+3

, Tb
+3

, and Dy
+3

 ions adsorption. The 

influences of different factors including solution pH, contact time, adsorbent dosage, initial metal 

ions concentration, and ionic strength on the adsorption efficiency were considered. The models 

of adsorption kinetic and isotherm were employed to reach the best fitting of the experimental 

data. The reusability of the adsorbent was also investigated. 

2. Materials and methods 

2.1. Materials and reagents 

Carboxymethyl chitosan was purchased from Nantong Chem-Base Co, China. Dy(NO3).5H2O 

was purchased from Alfa Aesar. Nd(NO3)3.6H2O, Tb(NO3)3·6H2O, Zn(NO3)2.6H2O, 

Fe(NO3)3.9H2O, Ni(NO3)2·6H2O, glutaraldehyde, 2-amino-4,6-dihydroxypyrimidine, 2-

thiophenecarboxaldehyde, terephthalic acid, triphenyl phosphite (TPP), dimethyl sulfoxide 

(DMSO), and methanol were bought from Sigma-Aldrich. All chemicals chosen in this study 

were at analytical grade and were utilized as received without further purification. The 

experiment solutions of Nd
+3

, Tb
+3

, and Dy
+3

 ions were made by the dilution of 1000 mg/L of 
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ions. To adjust the initial value of pH in the test solutions to the desired value, appropriate 

molarity of HNO3 or NaOH was used. 

2.2. Instrumentation and characterization 

The  XRD pattern was recorded by a X-ray diffractometer (GBC MMA), and the samples were 

scanned from 2θ = 10
°
 to 70

°
. A spectrophotometer (PerkinElmer, USA) was also used to record 

FT-IR spectra. Bruker Advance DRX was employed to record
 1

H NMR and 
13

C NMR spectra at 

400 MHz and 100 MHz, respectively, by DMSO-d6 as a solvent. The nitrogen adsorption-

desorption isotherm was measured at −196 
°
C using a Micromeritics Tristar 3000 apparatus. The 

morphology of the products was explored by a FE-SEM (Zeiss Neon-40, Germany). TGA 

measurements were performed by Mettler TGA/SDTA 851e/LF/1100 thermobalance under the 

atmosphere of N2 from RT to 1000 
°
C with a rate of 10 

°
C/min. Magnetic measurements were 

done using a vibrating sample magnetometer (VSM, Daghigh Kavir Corporation, Iran). For 

analyzing the concentration of Nd
+3

, Tb
+3

, and Dy
+3

, an Agilent 4100 MP-AES Spectrometer 

was used. 

2.3. Synthesis of the Ni0.2Zn0.2Fe2.6O4 magnetic nanoparticles 

The Ni0.2Zn0.2Fe2.6O4 magnetic nanoparticles were synthesized by the hydrothermal method. A 

mixed solution of 0.2 M Ni
2+

, 0.2 M Zn
2+

, and 2.6 M Fe
3+

 was prepared in HCl solution, and then 

NaOH solution was added into the mixed solution under nitrogen gas, and the mixture pH value 

was set to 10.5. 0.3 g of CTAB was added to this mixture, and then it was placed into an 

autoclave (Teflon-lined stainless steel) at 200 
⁰

C of an oven. After 8 h of hydrothermal 

treatment, the temperature of the autoclave was naturally decreased to RT, and the precipitate 

was collected and washed several times with deionized water (DW) to reach neutral pH. Finally, 

the obtained particles were dried at 50 
°
C. 
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2.4. Synthesis of the ionic liquid (1,3-dipropyl imidazolium bromide) and the monomer (5,5'-

(thiophen-2-ylmethylene)bis(2-aminopyrimidine-4,6-diol (TMAPD)) 

The RT ionic liquid (IL) was synthesized based on the process presented in the literature [22]. 

TMAPD was synthesized according to the following procedure: A mixture of 2.54 g (0.02 mol) 

2-amino-4,6-dihydroxypyrimidine, 1 mL (0.01 mol) 2-thiophenecarboxaldehyde, and 20 mL 

DMSO was stirred for 6 h at 110 
°
C. After completion of the reaction tested by thin-layer 

chromatography, the temperature of the solution was decreased to RT, and the violet powder 

obtained by pouring the solution into 400 mL of cold DW (-5 
°
C) was filtered, rinsed several 

times using DW and then dried using vacuum oven at 100 
°
C. The reaction yield was 92 % (3.20 

g), and the obtained compound has not shown sharp melting point and started to be decomposed 

above 300 
°
C. FT-IR (KBr, cm

-1
): 3153-3477 (stretching of O-H and NH2), 3049 (stretching of 

C-H aromatic), 2944 (stretching of C-H aliphatic), 1651 (stretching of C=N), 1586 (stretching of 

C=C), 1232 (C-N) and 1163 (C-O). 
1
H NMR (DMSO-d6, δ in ppm) (Fig. 1): 5.33 (s, 1H, CH), 

6.61 (s, 4H, -NH2), 6.78-6.80 (d, 1H, Ar-H, J= 5.6 Hz), 6.93-6.94 (d, 1H, Ar-H, J= 5.6 Hz), 

7.42-7.44 (d, 1H, Ar-H, J= 5.2 Hz), 10.95-11.28 (m, 4H, broad, hydroxy pyrimidine). 
13

C NMR 

(100 MHz, (DMSO-d6, δ in ppm) (Fig. 2): 30.98, 115.41, 128.27, 128.55, 137.86, 140.13, 

143.76, 170.77. 

2.5. Synthesis of the biodegradable nanoporous P(PTA) by polycondensation reaction of 

TMAPD in TPP/IL  

The synthesis of the biodegradable nanoporous P(PTA) was carried out from a compound 

containing multi polar thiophene, amine, and free hydroxyl chelating groups. It was particularly 

synthesized from the diamine-phenol compound in 1,3-dipropyl imidazolium bromide as an ionic 

liquid without using toxic triphenyl phosphite/N-methylpyrolidone/pyridine/LiCl that is needed 
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in the ordinary direct polycondensation. The P(PTA) was achieved by polycondensation of 

TMAPD using TPP-IL as catalyst and solvent by the following procedure: A flask of three-

necked round-bottomed with the volume of 50 mL was fitted with a mechanical stirrer, a water 

cooled condenser, and argon gas, and then a mixture containing 1 mmol TMAPD, 1 mmol 

terephthalic acid, 0.7 g 1,3-dipropyl imidazolium bromide {[1,3-(pr)2im]Br} as IL, and 1.29 

mmol TPP was placed. The solution became sticky as the reaction continued at 110 
°
C for 2.5 h.  

In the following, the reaction mixture temperature was decreased to RT and the precipitation of 

the obtained P(PTA) was performed using 100 mL of methanol. After the precipitate filtration, 

the hot water was used for washing it.  Afterward, the precipitate was further refined in a Soxhlet 

apparatus using methanol for 24 h to eliminate the oligomers with low molecular weight. FT-IR 

(KBr, cm
-1

): 3164-3337 (stretching of O-H and NH2), 3054 (stretching of C-H aromatic), 2958 

(stretching of C-H aliphatic), 1683 (stretching of C=O amide), 1641 (stretching of C=N), 1593 

(stretching of C=C), 1215 (C-N) and 1167 (C-O). 
1
H NMR (DMSO-d6, δ in ppm) (Fig. 3): 5.37 

(s, 1H, CH), 7.25-7.27 (m, 2H, Ar-H), 7.44 (s, 1H, Ar-H), 7.99-8.00 (d, 2H, Ar-H, J= 3.2 Hz), 

8.06-8.08 (d, 2H, Ar-H, J= 5.2 Hz), 11.01 (s, 1H, OH amide), 11.32 (m, 4H, broad, hydroxy 

pyrimidine). 

2.6. Synthesis of the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 magnetic bionanocomposite 

The magnetic bionanocomposite was synthesized by the gelation method. Carboxymethyl 

chitosan powder was dissolved in dionized water (DW) (3 % w/v) under stirring at 150 rpm for 

3 h to prepare carboxymethyl chitosan solution. Then, 0.5 g of the P(PTA) and 0.7 g of the 

Ni0.2Zn0.2Fe2.6O4 were added to carboxymethyl chitosan solution and fully dispersed with 

vigorous stirring within 24 h. The gelation process was then performed by adding the mixture to 

a solution of CaCl2 (0.05 M) and 2 % glutaraldehyde. The mixture was stirred for 24 h, and the 
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separation of the obtained bionanocomposite was performed using an external magnet. It was 

washed using deionized water several times to eliminate all impurities (unreacted GA) and 

remaining calcium chloride and reach the solution pH value of 7. The washed 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  bionanocomposite was dried at  50 
°
C. Finally, it was powdered. 

2.7. Adsorption experiments  

Nd
+3

, Tb
+3

, and Dy
+3

 metal ions adsorption onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  was done 

by batch equilibrium method in aqueous solution at 25 
°
C. The standard stock solutions of 

1000 mg/L of Nd(NO3)3.6H2O, Tb(NO3)3·6H2O, Dy(NO3).5H2O ions were prepared. 

The adsorption experiments were carried out by mixing 0.03 g of the adsorbent with 50 mL of 

metal ions solutions at 180 rpm and 25 
°
C. The influence of pH on the adsorption efficiency of 

the adsorbent was tested between 1.5 and 5.5. The ions adsorption onto the adsorbent was carried 

out at various time intervals (2.5-120 min) to evaluate adsorption kinetics. The influence of the 

adsorbent dosage on the adsorption of the ions was carried out from 0.01 to 0.07 g. To study the 

adsorption isotherms, different initial concentrations of the metal ions (30, 50, 70, 90, 120, 180, 

240, and 300 mg/L) were utilized. The ionic strength influence on the adsorption efficiency was 

also taken into consideration by preparing the solutions with the ionic strengths of 0.02, 0.04, 

0.06, 0.08, and 0.1 M using NaNO3.  The magnetic adsorbent was separated at the end of each 

experiment, and the metal ions concentration in the solutions was measured by Agilent 4100 

MP-AES Spectrometer. The adsorption efficiency (%) and capacity of adsorption of the metal 

ions by the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  were calculated based on the bellowing equations: 

Adsorption efficiency (%) = (C0- Ce)/Co × 100                                                               (1) 

qe = (C0- Ce) × V/m                                                                                                         (2) 

qt = (C0- Ct) × V/m                                                                                                           (3) 
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Where qe and qt (mg/g) show the amounts of adsorbed ion at equilibrium and adsorption time t 

(min), respectively. C0 and Ce refer to the initial and equilibrium concentrations of metal ion 

(mg/L), respectively. Ct shows the concentration of metal ion in the solution at time t, V shows 

the volume of solution (L), and m refers to the weight of the adsorbent (g). 

2.8. Reusability studies 

The reusability experiments were performed on the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  using 

adsorption-desorption cycles. A given amount of the bionanocomposite was added into 50 mL 

solutions of 30 mg/L of each metal ion at an optimum time. After the adsorption process, the 

obtained metal ions-loaded bionanocomposite was washed several times with DW to eliminate 

the unreacted metal ions, and then it was added to 0.2 M HNO3 solution for desorption process at 

shaking speed = 180 rpm and temperature of 25 
°
C for 2 h. After ending the process and 

collecting the adsorbent, the concentration of the ions was measured by Agilent 4100 MP-AES 

Spectrometer. The adsorption-desorption process was occurred four times using the identical 

adsorbent.  

3. Results and discussion 

3.1. Analyses of the products 

              N2 adsorption–desorption isotherm and the corresponding Barrett-Joyner-Halenda (BJH) 

pore size distribution of the P(PTA) are shown in Fig. 4. The nitrogen adsorption-desorption 

isotherm for the sample in Fig. 4A is assigned to type IV indicating the presence of mesoporous 

structure. The Brunauer–Emmett–Teller (BET) surface area, pore volume, and pore size 

(obtained by the BJH method (Fig. 4B)) were calculated to be 6.7420 m
2
/g, 0.030884 cm³/g, and 

22.5244 nm, respectively. The results clearly demonstrate the formation of the P(PTA) with nano 

size pores. 
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            The XRD pattern of the Ni0.2Zn0.2Fe2.6O4 is indicated in Fig. 5. The peaks at 2θ = 18.13
°
, 

30.07
°
, 35.50

°
, 37.08

°
, 43.07

°
, 53.95

°
, 56.96

°
, and 63.89

°
 are in agreement with the standard 

pattern of nickel zinc ferrite (JCPDS 08-0234) [23]. Full Width at Half Maximum (FWHM) of 

the XRD pattern strongest reflection was used to estimate the average crystal size via the 

Scherrer equation as following [24]: 

D = kλ/β cos θ                                                                                                                   (4) 

Where k shows the function of shape (k = 0.89), λ refers to the X-ray wavelength of the 

radiation, and β presents the Full Width at Half Maximum (FWHM) at 2θ = 35.50
°
 and θ shows 

the diffraction angle. Based on the Scherrer equation, the calculated value of D was 27.68 nm. 

            The FE-SEM image of the Ni0.2Zn0.2Fe2.6O4 in Fig. 6A indicates that the synthesized 

particles are almost spherical in shape and homogenous in distribution with a diameter less than 

100 nm. Fig. 6B shows the distribution of the magnetic nanoparticles and P(PTA) on the surface 

of the CMC or embedding with the CMC that confirms the successful synthesis of the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  magnetic bionanocomposite. 

          Fig. 7 indicates the FT-IR spectrum for CMC, Ni0.2Zn0.2Fe2.6O4, P(PTA), and CMC/ 

P(PTA)/Ni0.2Zn0.2Fe2.6O4. The FT-IR spectrum of the Ni0.2Zn0.2Fe2.6O4 in Fig. 7A shows a broad 

band at 3424 cm
-1

, and less intensive band at 1633 cm
-1

 related to the O-H groups stretching 

vibration [25]. The bands at 2925 and 2853 cm
-1

 are respectively assigned to the anti-symmetric 

and symmetric C-H vibrations of CTAB [26]. The band at 567 cm
-1

 attributes to the inherent 

metal stretching vibrations at the tetrahedral site (Fe-O), and the value of 478 cm
-1

 corresponds 

to the octahedral metal stretching (M-O) [25]. In Fig. 7B, the peaks related to the P(PTA) are as 

follows: 3164-3337 cm
-1

 (O-H and NH2 stretching), 3054 cm
-1

 (C-H aromatic stretching), 2958 

cm
-1

 (stretching of C-H aliphatic), 1683 cm
-1

 (stretching of C=O amide), 1641 cm
-1

 (stretching of 
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C=N), 1593 cm
-1

 (stretching of C=C), 1215 cm
-1

 (C-N), and 1167 cm
-1

 (C-O). The peaks in the 

FT-IR spectrum of CMC (Fig. 7C) shown at 3436, 1631, 1411, and 1061 cm
-1

 are respectively 

attributed to the stretching vibration of O-H, the carboxyl groups asymmetrical and symmetrical 

stretching, and stretching of C-O-C [27]. The comparison of the spectrum obtained for the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 (Fig. 7D) with other spectra expresses the successful synthesis of 

the bionanocomposite. 

             EDX was recorded to analyze the elements of the products, and the results are presented 

in Fig. 8. Fig. 8A shows Ni, Zn, Fe, and O peaks that confirm the formation of the 

Ni0.2Zn0.2Fe2.6O4. The elemental analysis of the nanocomposite in Fig. 8B represents similar 

peaks that are available in Fig. 8A along with the new peaks of N, S, and Ca due to the presence 

of the P(PTA) and CMC. Sodium peak is not seen in the spectrum of the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4, suggesting that sodium ions were released completely from the 

matrix of sodium alginate into the solution during the crosslinking reaction process of sodium 

alginate with calcium. 

            The thermo-stability of the obtained P(PTA) and nanocomposite, analyzed using 

TGA/DTGA under N2 atmosphere with the heating rate of 10 
º
C/min, is presented in Fig. 9. As it 

is clear in Fig. 9A, there are five different weight-loss steps in the TGA curve of the P(PTA). 

Obviously, the first step (around 100 
◦
C) with a weight loss of 1.17 % can be attributed to water 

evaporation. The second step (from around 100 to 290 
◦
C) with the amount of 9.6 % weight loss 

can be attributed to the preliminary degradation of aliphatic groups of P(PTA). At the third step, 

ranging between 300 and 330 
◦
C, the aromatic groups of the P(PTA) are degrading gradually, 

and the forth step with the weight loss of 44.16 % corresponds to their further decomposition. 

The final step can be related to the complete degradation of the polymer residue and its 
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conversion to CO2 and H2O. Fig. 9B shows the TGA curve of the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. The thermal stability of the bionanocomposite compared to the 

pure P(PTA) has increased. It is obvious that the temperature of decomposition is shifted to 

higher temperatures due to the inorganic material existence in the matrix of the polymer, 

indicating that the thermal stability of the composite increases with the Ni0.2Zn0.2Fe2.6O4 loading. 

           According to the magnetic hysteresis loops in Fig. 10A, the Ni0.2Zn0.2Fe2.6O4 magnetic 

saturation value is about 45.87 emu/g that indicates superparamagnetic behavior of the 

synthesized product. Based on Fig. 10B, it is obvious that the synthesis process of the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 results in saturation magnetization reduction from 45.87 to 14.88 

emu/g. This decrease is due to the combination of the magnetic nanoparticles with the P(PTA) 

and CMC. Despite this difference, the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 could be easily separated 

from aqueous solution by an external magnetic field to avoid secondary pollution. As indicated 

in Fig. 10C, the metal ions-loaded adsorbent is separated easily by applying an external magnetic 

field from the solution due to its high magnetization value. 

3.2. pH effect  

The influence of initial solution pH is considered as a major factor to obtain high adsorption 

efficiency during adsorption process. To analyze the influence of the pH of the solution on the 

adsorption efficiency of Nd
+3

, Tb
+3

, and Dy
+3

 by the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4, the pH 

value was considered between 1.5 and 5.5. As it is clear in Fig. 11A, the adsorption of the metal 

ions is significantly associated with the value of pH since it influences the metal ions solubility 

and the ionization status of the groups available on the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. The 

obtained results state that the metal ions adsorption efficiency on the adsorbent surface increases 

remarkably with pH value increase from 1.5 to 5.5 because the interaction between hydrogen and 
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metal cations for binding the active sites reduces. The little protonation of the functional groups 

also inhibits the relation between the adsorbent and the metal ions that could be the major cause 

for a low value of adsorption efficiency at lower pH values [28]. The influence of solution pH on 

the metal ions adsorption was not studied for a pH > 5.5 in order to prevent the metal ions 

precipitation formation as the hydroxides. Therefore, solution pH = 5.5 was applied as an 

optimum value for further adsorption studies. 

3.3. Contact time effect  

One of the key factors in treatment of a sample is the contact time of solution and adsorbent as it 

can present the interaction kinetics of an adsorbent with an adsorbate. Therefore, the influence of 

contact time on Nd
+3

, Tb
+3

, and Dy
+3

 ions adsorption onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 

was studied at 25 
◦
C and 30 mg/L of each metal ion. The obtained results in Fig. 11B indicate 

that the quantities of Nd
+3

, Tb
+3

, and Dy
+3

 adsorbed per unit mass of the adsorbent increase by an 

enhancement in contact time, and adsorption efficiencies of 60.07, 63.56, and 63.96 % are 

respectively obtained for Nd
+3

, Tb
+3

, and Dy
+3

 within 50 min. The plots in Fig. 11B indicate two 

phases for the metal ions adsorption. The sharper portion at the first phase is related to a great 

number of empty active sites on the surface of the adsorbent and high concentration of the ions. 

The second step is assigned to the decrease in IPD with contact time that leads to an equilibrium 

state. The reason for this condition is the external active sites saturation and low ions 

concentration [29]. As can be seen, the required time to achieve an equilibrium state is 90 min 

for all ions, and a further increase in contact time does not have any significant influence on the 

metal ions adsorption. Therefore, further experiments were performed by considering the 

optimum contact time of 90 min. 

3.4. Kinetics of adsorption  
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        The parameters of adsorption kinetics are extremely useful in the application of adsorbents 

since they control adsorbate uptake residence time at the interface of solid and solution and can 

augment the realization of designing a water treatment process. Kinetic data analysis provides 

significant data about the mechanism of adsorption that is helpful for designing and modeling the 

process of adsorption. Hence, three different kinetic models as pseudo-first order (PFO), PSO, 

and IPD models were employed to fit the experimental data. The non-linear regression forms of 

the models were applied as follows [30,31]: 

qt = qe (1 − exp
−K

1
t
 )                     (PFO)                                                                                  (5) 

qt = K2qe
2
t/1 + K2qet                    (PSO)                                                                                  (6) 

qt = Kit
0.5

 + C                               (IPD)                                                                                   (7) 

Where K1 (1/min) and K2 (g/mg min) respectively refer to PFO rate constant and PSO rate 

constant, and Ki (1/min) shows the rate constant of IPD. Moreover, C provides data about the 

thickness of the boundary layer. Notably, the greater value of C is related to the influence of the 

boundary layer diffusion. 

          The initial rate of adsorption (h) can be obtained using K2 and qe values via the following 

equation: 

h = K2qe
2
                                                                                                                          (8) 

          Non-linear regression analysis of the empirical data can be used to acquire the kinetic 

models constant values. The obtained kinetic parameters are presented in Table 1. The 

coefficient of determination (R
2
) and Chi-square (χ

2
) was also employed to evaluate the 

conformity between the experimental data and the computed values. χ
2
 is defined as follows: 

χ
2 

= ∑
               

      

 
   

 

                                                                                                       (9) 
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Where qe,exp and qe,cal  respectively refer to the experimental and computed adsorbent capacities, 

and n shows data point numbers. 

         The kinetic parameters in Table 1 show that the R
2
 values of 0.9629, 0.9564, and 0.9686 

respectively acquired by PSO model for Nd
+3

, Tb
+3

, and Dy
+3

 are greater than those of PFO 

model (0.8831, 0.8538, and 0.8803). The values of χ
2
 are also lower than those of PFO model. 

The values of qe computed by PSO model are in agreement with the values of the experimental 

qe, implying the chemisorption of the process. The R
2
 and χ

2 
values obtained by fitting IPD 

model to the empirical data show that it is also appropriate for explaining the adsorption kinetic 

of Nd
+3

, Tb
+3

, and Dy
+3

 onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. Thus, it can be mentioned that 

Nd
+3

, Tb
+3

, and Dy
+3

 adsorption processes follow both IPD and PSO kinetic models. 

3.5. Adsorbent dosage effect 

Nd
+3

, Tb
+3

, and Dy
+3

 ions adsorption onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 was studied using 

30 mg/L initial ions concentration at pH = 5.5 within 90 min. As can be seen in Fig. 11C, by an 

enhancement in adsorbent dosage in the range of 0.01 to 0.07 g, adsorption efficiency increases. 

The reason is that the metal ions compete for confined adsorption sites at lower adsorbent 

dosage. However, by increasing the adsorbent dosage, a greater surface area and more empty 

sites are available; therefore, adsorption efficiency increases [32]. The maximum adsorption 

efficiency is 98.15 % for Nd
+3

, 97.6 % for Tb
+3

, and 99.42 % for Dy
+3

 using 0.06 g of the 

adsorbent. The adsorption efficiency of the ions smoothly increases with the adsorbent up to 0.07 

g. Consequently, 0.06 g of the adsorbent was considered as an optimum dosage for further 

experiments. 

3.6. Initial concentration effect 
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The initial adsorbate concentration is considered as an essential driving force to overcome the 

adsorbate mass transfer resistance between the solid and aqueous phases. The initial 

concentration influence of Nd
+3

, Tb
+3

, and Dy
+3

 on the adsorption efficiency is presented in Fig. 

11D. The adsorption efficiency respectively decreases from 98.15 to 16.74, 97.6 to 21.4 5, and 

99.42 to 21.76 % for Nd
+3

, Tb
+3

, and Dy
+3

. By calculating the amount of qe, it was seen that by 

enhancing initial concentration from 30 to 300 mg/L, qe increased from 24.52 to 41.88, 24.76 to 

53.62, and 24.87 to 54.33 mg/g for Nd
+3

, Tb
+3

, and Dy
+3

, respectively. These results show that 

Nd
+3

, Tb
+3

, and Dy
+3

 adsorption is dependent on the concentration of the metal ions since it 

supplies the major driving force for overcoming limitations of mass transfer between the solid 

and the aqueous phases. The adsorption is not influenced by the initial ion concentration when 

the concentration of the ion is low that is owing to the great number of binding sites while being 

easily accessible for adsorption. The value of adsorption efficiency decreases at higher ion 

concentration for a constant content of adsorbent because the quantity of the accessible sites of 

adsorption on the surface of the adsorbent decreases and therefore their saturation takes place 

easily. As a result, by occupying valence forces via exchanging or sharing electron and 

complexation, more mass transfer from the liquid stage occurs, which is fairly known as a slow 

process [33]. 

3.7. Adsorption isotherms 

            For the optimization of adsorbent usage in an adsorption process, knowing that how 

solutes interact with adsorbent is so important. In this case, adsorption isotherms can explain the 

interaction between adsorbate quantity adsorbed onto adsorbent and dissolved adsorbate 

concentration at equilibrium state. In this paper, Freundlich and Langmuir isotherm models were 

applied for fitting the obtained data at equilibrium and evaluating the adsorption properties of 
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Nd
+3

, Tb
+3

, and Dy
+3

 onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. The nonlinear forms of Langmuir 

and Freundlich are respectively defined by Eqs. (10) and (11) [34,35]. 

qe =   
       

       
                                                                                                              (10) 

qe = K Ce
1/n                         

                                                                                              (11) 

           The isotherm parameters including qm (the maximum capacity at saturation state (mg/g)), 

b (constant of Langmuir (L/mg)), K (capacity of adsorption (mg
1-1/n

 L
1/n

/g)), and 1/n (adsorption 

intensity) are shown in Table 2. The means of the dimensionless factor (RL=
 

     
  ) can be used 

to appraise the desirability of the adsorption process in the Langmuir model as following: 

irreversible (RL = 0), favorable (0 < RL < 1), linear (RL = 1), and unfavorable (RL > 1) adsorption 

[36]. According to the Langmuir adsorption constants (Table 2), the RL values of 0.001, 0.0022, 

and 0.0005 respectively acquired for Nd
+3

, Tb
+3

, and Dy
+3

 are between 0 and 1 that show the 

adsorption of the ions onto the adsorbent is favorable. In addition, the results of the adsorption 

isotherms presented in Table 2 indicate that the 1/n values of 0.09, 0.13, and 0.12 for Nd
+3

, Tb
+3

, 

and Dy
+3

, respectively, obtained from Freundlich model are representative of highly curved 

isotherms due to the values of 1/n < 0.7. The results show that the experimental data for Nd
+3

, 

Tb
+3

, and Dy
+3

 adsorption onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 are fitted with Freundlich 

isotherm model with R
2 

values
 
of 0.9709, 0.9482, and 0.9632, respectively, that are higher than 

those acquired by Langmuir isotherm model. The lower values of χ
2
 also confirm the obtained 

results for each ion. In the present study, the results of fitting experimental data show that the 

adsorption of the metal ions is performed by the sites of the adsorbent that are heterogeneous, 

indicating non-uniform and multi-layer adsorption. A comparison of the adsorption capacity of 

different adsorbents is represented in Table 3. 

3.8. Ionic strength effect 
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The existence of salts as the most available materials in real samples as an interfering agent can 

affect the adsorption efficiency of the target ion that leads to strengthen or weaken its adsorption. 

Thus, in the present study, the NaNO3 solutions with various concentrations (0.02, 0.04, 0.06, 

0.08, and 0.1 M) were utilized to evaluate the ionic strength influence on Nd
+3

, Tb
+3

, and Dy
+3

 

ions adsorption onto the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 under the optimum conditions. The 

results in Fig. 12A indicate a reduction in the adsorption efficiency with an enhancement in the 

concentration of NaNO3 from 0.02 to 0.1 M that may be explained by the occurrence of 

competition between the Na
+
 cations from the salt and cationic ions for the occupation of the 

adsorbent active sites. The adsorption efficiency of Dy
+3

 decreases from 96.6 to 94.1 % that is 

lower than those obtained for Nd
+3

 and Tb
+3

, indicating that the concentration of NaNO3 has 

higher negative effect on the adsorption of Nd
+3

 and Tb
+3

, specifically Nd
+3

. 

3.9. Temperature effect and evaluation of thermodynamic parameters 

The parameters of thermodynamic (ΔH
o
 (kJ/mol), ΔS

o
 (kJ/mol K), and ΔG

o
 (kJ/mol)) were 

evaluated at 25, 35, and 45 
◦
C to consider the effect of temperature on the performance of 

adsorption and find the adsorption mechanism by the following equations [61]:   

Kd = qe/Ce                                                                                                                  (12) 

Ln Kd = ∆S
◦
/R - ∆H

◦
/RT                                                                                           (13) 

∆G
◦
 = - RT Ln Kd                                                                                                        (14) 

Where R (8.314 J/mol K) shows the gas constant, T shows the temperature (K), and Kd refers to 

the distribution coefficient. Ce shows the equilibrium concentration of ion in the solution (mg/L). 

As can be seen in Table 4, adsorption efficiency increases for all metal ions by an increase in 

temperature. ΔH
o
 and ΔS

o
 values in Eq. (13) were respectively acquired from the slope and 

intercept of the Ln Kd versus 1/T plot (Fig. 12B). The thermodynamic parameters are presented 
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in Table 4. Kd value increases by enhancing the temperature that indicates the process is 

endothermic in nature. The values of ΔG
o
 are low that indicate the strong adsorptive forces, 

spontaneous adsorption process, and better adsorption at a higher temperature.  The adsorption of 

the ions is not spontaneous at low temperature. ΔH
o
 > 0 reveals that the ions adsorption is 

endothermic, and their adsorption efficiency increases with increasing temperature. ΔS
o
 > 0 

demonstrates that there is a good affinity between the ions and the adsorbent, and randomness 

increases at the interface of the solid-solution during the process. In conclusion, the 

thermodynamic parameters reveal endothermic adsorption process, an affinity of the adsorbent 

for the ions, and spontaneous nature of Nd
+3

, Tb
+3

, and Dy
+3

 adsorption onto the adsorbent by 

rising temperature. 

3.10. Reusability studies 

One of the main parameters in the adsorption process is adsorbent reusability as it makes the 

process economically feasible. To evaluate the reusability of the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4, 

50 mL of 0.2 M HNO3 was applied as the eluent. First, metal ions adsorption was done by the 

addition of 0.06 g of the adsorbent into 50 mL solution of 30 mg/L of metal ions at optimum 

conditions. The adsorbent loaded with the ions was separated by an external magnetic field, 

washed several times with DW and finally dried at 40 
◦
C. Then, the desorption process was 

performed by using the eluent for 2 h. After the desorption process, the metal ions in the 

solutions were measured, and the adsorbent was neutralized and further used for the ions 

adsorption in the cycles. Nd
+3

, Tb
+3

, and Dy
+3

 ions were desorbed from the adsorbent > 82, 84, 

and 88 %, respectively. Four cycles of adsorption-desorption were performed to evaluate the 

reuse efficiency of the adsorbent. The results in Fig. 12C show that the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 adsorption efficiency respectively decreases from 97.29 to 86.43, 
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96.47 to 84.61, and 98.54 to 87.52 % for Nd
+3

, Tb
+3

, and Dy
+3 

after the fourth cycle that indicates 

metal ions may chemically bond with the groups on the adsorbent surface. 

3.11. Competitive adsorption 

            To evaluate competitive adsorption of Nd
+3

, Tb
+3

, and Dy
+3

 in the ternary system of 30 

mg/L (1:1:1), 0.06 g of the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 (the same as a single system) was 

used. According to the value of qmix/q0, three kinds of influences can occur in a multicomponent 

system as following: 

 Antagonism (qmix/q0 < 1): effect of mixture of component in solution is less than its individual 

effect. 

 Synergism (qmix/q0 > 1): effect of mixture of component in solution is greater than its 

individual effect. 

 Non-interaction (qmix/q0 = 1): effect of mixture of component in solution is neither less nor 

more than that of its individual effect. 

Where qmix and q0 are respectively the adsorption capacities of each ion in the mixture and single 

systems.  

            The value of qmix/q0 was respectively obtained to be 0.2, 0.38, and 0.41 for Nd
+3

, Tb
+3

, 

and Dy
+3

. The obtained results indicate that the qmix/q0 value for all ions is < 1 in the ternary 

mixture; therefore, the existence of each ion shows an antagonism effect on the other ions 

adsorption. The adsorption efficiency for Nd
+3

, Tb
+3

, and Dy
+3

 respectively decreased to 19.4, 

37.6, and 40.9 %. EDX spectrum was also recorded after the adsorption process, and the result is 

presented in Fig. 12D. The existence of Nd
+3

, Tb
+3

, and Dy
+3

 peaks in the spectrum strongly 

confirms the successful adsorption of the ions by the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

4. Conclusion 
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In this research, the novel biodegradable nanoporous P(PTA) was synthesized by 

polycondensation reaction of TMAPD in {[1,3-(pr)2im]Br} ionic liquid as green media. Then, 

the CMC/Ni0.2Zn0.2Fe2.6O4 magnetic bionanomposite containing the P(PTA) was fabricated. The 

successful synthesis of the products was approved by FE-SEM, EDX, NMR, XRD, FT-IR, and 

VSM techniques. The prepared bionanocomposite showed favorable magnetization value of 

14.88 emu/g that was enough to be easily separated by a magnetic field from aqueous medium. 

Then, it was used to investigate the adsorption of Nd
+3

, Tb
+3

, and Dy
+3

. For obtaining the 

maximum adsorption efficiency of the ions at the concentration of 30 mg/L, the optimum 

conditions were obtained at pH = 5.5, the adsorbent dosage of 0.06 g, and contact time of 90 

min. The adsorption efficiency values of 98.15, 97.6, and 99.42 % were respectively obtained for 

Nd
+3

, Tb
+3

, and Dy
+3

 at optimum conditions. The adsorption kinetics followed PSO and IPD 

models, and Freunlich model was suitable for fitting the adsorption data of the metal ions 

obtained at equilibrium. The adsorption efficiency for the ions greatly decreased in the presence 

of NaNO3 as ionic strength. The thermodynamic parameters revealed that the spontaneous nature 

of Nd
+3

, Tb
+3

, and Dy
+3

 adsorption onto the adsorbent can be occurred by increasing 

temperature. The competitive adsorption of the ions showed that the existence of each ion had 

antagonism effect on the other ions adsorption. The results show that the 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4 is an efficient and potential adsorbent with a favorable 

performance for practical applications in Nd
+3

, Tb
+3

, and Dy
+3

 ions adsorption process. 
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Table 1. Kinetic constants for adsorption of the ions by the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

    Nd
+3

 Tb
+3

 Dy
+3

 

PFO K1 (1/min)  0.116 0.132 0.126 

qe (mg/g)  31.15 32.29 32.71 

R
2
  0.8831 0.8538 0.8803 

χ
2
  7.24 8.77 7.52 

 

 

PSO 

K2 (g/mg min)  0.0043 0.0049 0.0047 

qe (mg/g)  34.85 35.80 36.27 

h (mg/g min)  5.22 6.28 6.18 

R
2
  0.9629 0.9564 0.9686 

χ
2
  2.3 2.61 1.97 

 

IPD 

Ki (1/min)  11.16 11.02 11.20 

R
2
  0.9737 0.9782 0.9676 

χ
2
  1.63 1.31 2.03 

 

 

 

 

Table 2. Isotherm constants for adsorption of the ions by the CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

    Nd
+3 Tb

+3 Dy
+3

 

 

Langmuir 

 

b (L/mg) 3.28 1.51 6.391 

qm (mg/g) 36.59 42.87 43.76 

RL 0.001 0.0022 0.0005 

R
2
 0.5679 0.5398 0.5771 

 χ
2
 16.7 43.21 47.31 

 

Freundlich 

 

K (mg
1-1/n

 L
1/n

/g) 24.23 23.7 26.13 

1/n 0.09 0.13 0.12 

R
2
 0.9709 0.9482 0.9632 

 χ
2
 1.12 4.86 4.12 

 

 

Table 3. Comparison of the adsorption capacity of Nd
+3

, Tb
+3

, and Dy
+3 

onto various adsorbents. 

 

Adsorbent 

 qm (mg/g)   

Reference 
 Nd

+3
 Tb

+3
 Dy

+3
  

Fe3O4-C18-chitosan-DETA 
 27.1  28.3  [37] 
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EDTA functionalized chitosan  74    [38] 

Phosphonic acid functionalized silica microspheres  45    [39] 

γ-Fe2O3-NH4OH@SiO2(APTMS)   46.5 23.2  [40] 

GA-g-PAM/SiO2 
 12.24    [41] 

Zr@XG-ZA  14.01
a 

   [42] 

EDASiDGA  16.15    [43] 

Oxidized multi-walled carbon nanotubes    78.12  [44] 

Carbon black derived from recycled tires  0.67    [45] 

3D GO-CZ  9.68    [46] 

Macroporous polymeric resin (TVEX-PHOR)   24.93   [47] 

TA-MWCNTs   8.55   [48] 

YZ   44.5   [49] 

Poly(acrylamide-expanded perlite) [P(AAm-EP)]   118.3   [50] 

P(HEMA-Hap)-phy   49.27   [51] 

Supported biomass on zeolite (SBZ)   5.07   [52] 

Acryloyl–phenyl thiourea   74.23   [53] 

Hybrid Lewis base ligands functionalized alumina-

silica 

   125.4  
[54] 

MIL-101-PMIDA  70.9    [55] 

CA@Fe3O4 NPs  41    [56] 

11-Molybdo-vanadophosphoric acid supported on 

Zr modified mesoporous silica SBA-15 

   50  
[57] 
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MPS (22 nm)-2NH-2COOH    44.8  [58] 

o-CNCs-IIPs    28.97  [59] 

o-CNCs/o-MWCNTs-IIPs    38.7  [59] 

o-CNCs/GO-IIPs    41.79  [59] 

Imprinted mesoporous silica materials    22.33  [60] 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4  39.82
a 

50.32
a 

48.23
a 

 This study 

a 
Calculated from Freundlich isotherm 

 

 

Table 4. Effect of temperature on the adsorption of the ions at 90 mg/L and thermodynamic 

parameters. 

  Adsorption efficiency (%) 

Temperature (
º
C) 

25 

35 

45 

 

 

 

Nd
+3

 Tb
+3

 Dy
+3

 

45.72 50.58 52.61 

51.05 57.51 59.89 

58.08 64.8 67.5 

Thermodynamic parameters 

  Nd
+3

 Tb
+3

 Dy
+3

 

 

 

Kd 

Temperature (
º
C)    

25 0.702 0.853 0.925 

35 0.869 1.128 1.244 

45 1.154 1.534 1.728 

ΔH
º
 (kJ/mol)  20.66 24.40 25.97 

ΔS
º
 (kJ/mol K)  0.065 0.079 0.085 

 Temperature (
º
C)    
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ΔG
º
 (kJ/mol) 

25 0.877 0.394 0.193 

35 0.359 -0.308 -0.559 

45 -0.861 -1.131 -1.446 
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Fig. 1. 
1
H NMR of the monomer. 

 

Fig. 2.
 13

C NMR of the monomer. 

 

Fig. 3. 
1
H NMR of the polymer. 

 

Fig. 4. (A) N2 adsorption−desorption isotherm and (B) pore size distributions of the synthesized 

P(PTA). 

 

Fig. 5. (A) XRD pattern of Ni0.2Zn0.2Fe2.6O4 nanopartciles; Photo of Ni0.2Zn0.2Fe2.6O4 

nanoparticles (B) before drying and (C) in the solution under magnetic field after drying. 

 

 

Fig. 6. FE-SEM images of (A) Ni0.2Zn0.2Fe2.6O4 and (B) CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

 

Fig. 7. FT-IR spectra of (A) Ni0.2Zn0.2Fe2.6O4, (B) P(PTA), (C) CMC, and (D) 

CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

 

Fig. 8. EDX spectra of (A) Ni0.2Zn0.2Fe2.6O4 and (B) CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

 

Fig. 9. TGA/DTGA curves of (A) P(PTA) and (B) CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4. 

 

Fig. 10. Magnetization curves of (A) Ni0.2Zn0.2Fe2.6O4 and (B) CMC/P(PTA)/Ni0.2Zn0.2Fe2.6O4; 

(C) Magnetic separation of the ions-loaded adsorbent. 
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Fig. 11. Effects of (A) pH, (B) contact time, (C) adsorbent dosage, and (D) initial concentration 

on the adsorption of the ions. 

 

Fig. 12. (A) Effect of ionic strength on the adsorption of the ions, (B) Ln Kd versus 1/T for 

calculation of enthalpy and entropy changes, (C) Reusability of the CMC/ 

P(PTA)/Ni0.2Zn0.2Fe2.6O4 for adsorption of the ions, and (D) EDX spectrum of the CMC/ 

P(PTA)/Ni0.2Zn0.2Fe2.6O4 after adsorption of the ions. 
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Highlights 

 The novel biodegradable poly(pyrimidine-thiophene-amide) P(PTA) was synthesized. 

 NMR analysis confirmed that the P(PTA) was synthesized successfully.  

 The magnetic carboxymethyl chitosan/P(PTA) was prepared by the gelation method. 

 The saturation magnetization value of the bionanocomposite was 14.88 emu/g. 

 Freundlich model fitted the adsorption equilibrium data of Nd
+3

, Tb
+3

, and Dy
+3

. 
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