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ABSTRACT 

This research explored the creation and application of a composite material, SA-g-poly (AAc-IA)/bentonite, for 

removing Norfloxacin (NOR) from water. Synthesized through copolymerization, the composite's properties were 

characterized using FTIR, TGA, FESEM, and AFM. FTIR analysis confirmed essential functional groups, with shifts 

observed in the 1500–1750 cm⁻¹ range post-NOR adsorption. FESEM images showed a porous surface, with particle sizes 

between 50–200 nm, that became less porous after adsorption. TGA analysis indicated thermal stability up to 300°C, 

followed by significant decomposition between 300–550°C due to organic component breakdown. Adsorption studies 

revealed equilibrium within 120 minutes, with a maximum adsorption capacity of 9.99 mg/g. Thermodynamic analysis 

confirmed a spontaneous and endothermic process, with ΔH of +23.76 kJ/mol. Kinetic modeling showed a pseudo-

second-order mechanism, indicating chemisorption. These findings suggest the SA-g-poly (AAc-IA)/bentonite composite 

is a potentially efficient and cost-effective adsorbent for pharmaceutical wastewater treatment. 
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1. Introduction 

Norfloxacin (NOR) is a widely employed antibiotic that enters the 

environment by different pathways, as wastewater and improper 

disposal[1-3]. Its presence in water bodies, soil, and sediments may 

result in development of antibiotic-resistant bacteria, posing serious 

threats to aquatic life and human health[4,5]. Traditional water treatment 

methods often fail to completely remove NOR due to its antimicrobial 

properties. Given the significant environmental risks associated with 

NOR contamination, there is an urgent need for the development of 

effective and practical methods to eliminate this antibiotic from water 

sources[6,7]. Existing primary methods for the removal of water 

treatment include membrane separation[8,9], advanced oxidation 

processes[10,11], and photolysis[12-14]. However, these techniques often 

exhibit one or more significant limitations[15-17], including high 

operational costs, demanding reaction conditions, prolonged treatment 

durations, or the generation of harmful byproducts[15,18]. The surge in 

advancements within adsorbent materials has significantly increased 

the appeal of adsorption process[19,20]. This is primarily due to their 

user-friendly operation[21], high treatment effectiveness, cost-

effectiveness, and environmentally friendly nature[22].   

Till date, numerous materials like hydrogel spheres, polymeric 

materials, nano-materials, clay minerals and biochar based materials 
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have been used for NOR adsorption[23]. Bentonite, a cost-effective clay mineral, offers high adsorption 

potential due to its cation exchange capacity and layered silicate structure. However, its limited functional 

groups and separation challenges restrict its use. Modifications, like interlayer cation introduction, enhance its 

surface area and reactivity, improving contaminant removal. To address separation issues, granulation is 

employed. Sodium alginate (along with other polymeric materials), a non-toxic biopolymer, serves as a binder 

for bentonite encapsulation, creating easily separable composite beads. This combination, particularly with 

organically modified bentonite, effectively removes contaminants like NOR from wastewater, balancing 

adsorption efficiency with practical application[24,25].  

Zhou and Sun enhanced NOR adsorption by modifying bentonite with surfactants and sodium alginate 

granulation. This created a rough, layered composite with improved porosity. Adsorption was endothermic, 

favored acidic conditions, and was enhanced by cations. Dynamic column tests showed breakthrough time 

varied with bed height, flow rate, and pH, fitting Thomas and Yoon–Nelson models, indicating diffusion was 

not rate-limiting[25]. Gopal and Mukherjee investigated the use of chitosan-coated Fe-Cu nanocomposite 

alginate-CMC beads (NBs) to remove Norfloxacin (NOR) from water. Under optimal conditions, they 

achieved 86% NOR removal. The beads exhibited a Langmuir adsorption capacity of 355 mg g⁻¹, attributed to 

multiple adsorption mechanisms. They also found that the beads effectively reduced the toxicity of NOR 

solutions to algae. The study concluded that these nanocomposite beads are a promising wastewater treatment 

material due to their ease of synthesis, high adsorption capacity, stability, and environmental friendliness[26]. 

However, this study involved the use of sodium alginate-grafted-poly (acrylic acid-Itaconic acid, (SA-g-poly 

(AAc-IA))/ bentonite composite for adsorptive removal of NOR from water. Hydrogels are 3D networks of 

hydrophilic polymers that exhibit significant water absorption and retention capabilities. These materials 

function effectively as sorbents due to their high swelling capacity and the presence of active sites within their 

structure that can capture dyes. The incorporation of bentonite clay into polymer hydrogels enhances their 

adsorption properties by increasing the overall surface area and porosity. Furthermore, the interactions between 

the clay and the hydrogel network contribute to improved mechanical strength of resulting material[27,28]. The 

composite was synthesized by the method of copolymerization and characterized with FTIR, TGA, FESEM 

and AFM techniques. Effect of time and temperature on NOR adsorption was also explored and data from 

these studies was applied to kinetic and thermodynamic model, respectively for better understanding of the 

adsorption mechanism.   

2. Materials and methods  

2.1. Chemicals and materials  

Sodium alginate (Macline, China), acrylic acid (AAc) (Himedia, India), persulfate potassium (KPS) 

(Fluka, Germany), Itaconic acid (IA) (Macline, China), N, N'-methylene bisacrylamide (MBA) (Fluka, 

Germany) and Norfloxacin, Figure 1, (Macline, China). All of the reagents were of analytical grade and used 

without any further purification. All solutions were prepared with deionized water to ensure that they were 

free of contaminants.  

 

Figure 1. Structure of Norfloxacin (NOR) drug.  
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2.2. Preparation of SA-g-poly (AAc-IA)/ bentonite composite  

The polymeric composite, SA-g-poly (AAc-IA)/ bentonite (Figure 2), was prepared by copolymerization 

method in several steps. Firstly, 0.5 g sodium alginate was dissolved in 17 mL distilled water by stirring for 

an hour at a temperature of 30 °C. Afterwards, 5 mL acrylic acid was added to above solution followed by 

mixing with itaconic acid solution (0.5 g in 5 ml water). In next step, KPS solution (0.05 g in 2 ml distilled 

water) was added followed by mixing mixture with cross-linking agent, MBA, (0.05 g in 2 ml distilled water). 

Afterwards, 5 ml bentonite with a concentration of 100 ppm (0.5 g in 50 ml of water) was added in the presence 

of nitrogen gas to form free radicals. After the time of 180 min (maintained at temperature of 70 °C in a water 

bath), the polymerization process occurs resulting in the formation of composite that was then taken out, cut 

to small pieces and washed several times to remove any unreacted materials. The prepared composite was 

characterized by Fourier Transform Infrared Spectroscopy (FTIR), Thermal Gravimetric Analysis (TGA), Field Emission 

Scanning Electron Microscopy (FESEM) and Atomic Force microscopy (AFM).  

 

Figure 2. Synthesis of SA-g-poly (AAc-IA)/ bentonite composite.   

3. Results and discussion  

3.1. Calibration curve of NOR  

The calibration curve for norfloxacin was determined using diluted concentrations ranging from (1-17 

ppm) at 276 nm and the results of the calibration curve are shown in Figure 3. The coefficient of determination 

(R²) for curve is 0.9995, indicating a very strong linear relationship between NOR concentration and 

absorbance. This high R² value suggests that the calibration curve is reliable for determining the concentration 

of NOR in samples within the measured concentration range.  
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Figure 3. Calibration curve of NOR.  

3.2. Characterization results  

The surface of composite SA-g-poly (AAc-IA)/ bentonite was studied using FTIR technology before and 

after the adsorption of drug (NOR) (Figure 4). The analysis of composite before drug adsorption shows the 

appearance of a broad and wide band at 3050 cm-1 to 3400 cm-1. This is due to the presence of active -OH 

groups in sodium alginate and bentonite. The band in range 2750 cm-1 to 2920 cm-1 refers to aliphatic C-H 

group, which causes extensible vibrations. The band in range 1680 cm-1 to 1550 cm-1 refers to C=O group. For 

carboxylic acid, which is present in composition of IA and AAc, the range 1090 cm-1 to 1450 cm-1 corresponds 

to presence of C-C, C-O, and C-N groups. After adsorption of drug (NOR), bands in between 1500 cm-1 to 

1700 cm-1 corresponds to presence of large number of aromatic C=C groups. When nanoparticles were 

introduced, the FTIR spectrum showed alterations between 1500 and 1750 cm⁻¹, pointing to a reaction between 

the composite and Norfloxacin. The alterations, specifically changes in the C=O and C=C peaks, signify that 

Norfloxacin successfully bonded to the composite. This suggests that strong chemical forces, like hydrogen 

bonding and electrostatic interactions, facilitated the binding. The changes in peak placement and strength 

validate that the adsorption process altered the composite's structure[25,29-32].  

 

Figure 4. FTIR analysis for SA-g-poly (AAc-IA)/ bentonite (a) before and (b) after NOR adsorption. 
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The FESEM technique was used to study the surface properties of prepared composite i.e., SA-g-poly 

(AAc-IA)/ bentonite before and after NOR adsorption. This analysis aid in understanding the crystal structure, 

surface size, shape of particles, and nature of their aggregates among themselves, in addition to knowing the 

nature of surface (either porous or smooth). FESEM images of compound before adsorption, shown in Figure 

5a, showed that it has a porous structure with a rough surface in form of irregular aggregates that are 

heterogeneous in size and shape. The reason for this is the presence of active functional groups as hydroxyl 

and carboxyl groups[33]. After adsorption of drug molecules on surface of composite SA-g-poly (AAc-IA/ 

bentonite), Figure 5b, the surface of composite became less porous and somewhat homogeneous. This could 

be attributed to adsorption of drug molecules on composite surface[34,35].   

 

Figure 5. FESEM of SA-g-poly (AAc-IA)/ bentonite composite (a) before and (b) after drug adsorption. 

The thermal behavior of prepared composite SA-g-poly (AAc-IA)/ bentonite was studied using TGA/ 

DTA technique, where the samples were heated in presence of nitrogen gas within a temperature range of 

40 °C to 900 °C at a rate of 10min/ °C. Results of TGA curve (Figure 6) showed that prepared composite, SA-

g-poly (AAc-IA)/ bentonite), undergo weight loss that takes place in four stages. The first stage was due to 

loss of water molecules adsorbed on composite surface, second and third stages were due to loss of functional 

groups containing oxygen as hydroxyl, carboxyl, and epoxy. The last stage was due to the thermal 

decomposition of cross-linked polymer chains. In summary, the TGA results show that between 300 and 550°C, 

the composite lost weight due to the breakdown of organic functional groups. Further heating, past 550°C, 

caused the polymer network to decompose, leaving mostly bentonite. At 750°C, the remaining ash, primarily 

bentonite, likely has minimal to no adsorption capacity due to the loss of the polymer structure. The 

(a)  

(b)  
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disintegration of polymer network, and DTA curve help in getting knowledge about the presence of water 

molecules within the gel structure, as confirmed by presence of a band within the range located between 100 °C 

to 300 °C. Additionally, it helps in determining the type of reaction as if the direction of beam is upward then 

this indicates that the reaction is an emitter (-) while on the other hand, if the direction of beam is downward, 

this indicates that the reaction is an absorber (+)[36]. Figure (6) and Table 1 explains the results of 

thermogravimetric decomposition[12,37,38].    

 

Figure 6. TGA curve of P(AA-co-1-MeCPAI) hydrogels.  

Table 1. Thermogravimetric decomposition values of composite, SA-g-poly (AAc-IA)/ bentonite.  

Step TG Rang C° Mass loos% DTA(DSC) 

1 25-247 3.95 215(+) 

2 247-335 24.61 305(+) 

3 335-546 18.12 597(-) 

4 546-751 11.7 737(-) 

Using an atomic force microscope, statistical information about the topography of prepared SA-g-poly 

(AAc-IA)/ bentonite composite and values of distribution ranges, homogeneity, thickness, and surface 

roughness based on the Root Mean Square Roughness (RMS) can be determined (Figure 7 showing three-

dimensional image of overlaid hydrogel). Table 2 shows the most important statistical values for surface 

roughness of composite. It is also evident from the negative value of surface torsion Rsk that the distribution 

of dips on surface is greater than peaks. If the value of surface torsion Rsk is positive, this indicates that the 

distribution of peaks is greater than the dips in surface, while if value of Rsk is equal to zero then this means 

that distribution of heights and depressions on composite surface is similar. It was observed through the surface 

flatness value Rku of prepared composite that it has a bumpy surface (Rku > 3)[39,40].  
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Figure 7. A 3D AFM image of prepared SA-g-poly (AAc-IA)/ bentonite composite. 

Table 2. Statistical roughness coefficients for surface of SA-g-poly (AAc-IA)/ bentonite composite.   

Statistical value of roughness SA-g-poly (AAc-IA)/ bentonite 

Roughness rate, nm (Ra) 2.382 

Root mean square roughness, nm (Rq) 3.419 

Surface warping, nm (Rsk) -1.581 

Leveling of peaks, nm (Rku) 11.04 

The upper limit of height of the peaks, nm (Rp) 12.08 

Minimum depth of roughness, nm (Rv) 22.57 

Maximum height of rough surface, nm (Rz) 34.66 

3.3. Thermal study  

The adsorption of norfloxacin on surface of the composite was studied at different temperatures (288, 293, 

298, 303) K, and the results showed that the adsorption increases with increasing temperatures as shown in 

Figure 8 and Table 3. Results of the study revealed that adsorption process is endothermic as an increase in 

temperature leads to an increase in the movement of particles due to an increase in kinetic energy resulting 

from breaking the bond forces between them. This led to an increase in rate of spread of adsorbed fine particles 

on composite surface layer. Furthermore, adsorbent surface porosity and pore size also increase with increasing 

temperature[25,41]. The linear relationship, as well as value of change in enthalpy (ΔH) for adsorption of drug 

molecules on surface of SA-g-poly (AAc-IA)/ bentonite composite was obtained by plotting the reciprocal of 

absolute temperature (1/T) versus ln Xm), as shown in Figure 9 and the Table 4.   
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Figure 8. Adsorption of NOR on surface of SA-g-poly (AAc-IA)/ bentonite composite at different temperatures. 

Table 3. Adsorption of NOR on surface of SA-g-poly (AAc-IA)/ bentonite composite at different temperatures. 

30 °C 25 °C 20 °C 15 °C 

Qe 

(mg/g) 

Ce 

(mg/L) 

Qe 

(mg/g) 

Ce 

(mg/L) 

Qe 

(mg/g) 

Ce 

(mg/L) 

Qe 

(mg/g) 

Ce 

(mg/L) 

1.992028 0.039859 1.993764 0.031179 1.99145 0.042752 1.990871 0.045646 

3.993938 0.030312 3.994536 0.027322 3.989328 0.053361 3.986627 0.066863 

5.991507 0.042463 5.988441 0.057797 5.988633 0.056833 5.986261 0.068695 

7.988691 0.056544 7.98709 0.064548 7.987264 0.06368 7.985181 0.074096 

9.988981 0.055097 9.986396 0.06802 9.984506 0.077471 9.983252 0.08374 

11.98892 0.055386 11.9867 0.066477 11.98379 0.08104 11.97974 0.101292 

13.98682 0.065898 13.98545 0.072746 13.98202 0.089912 13.98067 0.096663 

15.98528 0.073614 15.98341 0.082968 15.98103 0.094831 15.97814 0.109297 

17.98605 0.069756 17.98393 0.080365 17.97762 0.111901 17.97467 0.126656 

 

Figure 9. Plot of ln Xm against reciprocal absolute temperature for adsorption of NOR. 
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Table 4. Effect of temperature on maximum adsorbed quantity of NOR. 

NOR 
1000/ T (K-1)  T (K) T (°C) 

Ce =46.5 

ln Xm Xm    

5.053147217 156.5 0.00353 288 15 

5.186481739 178.8 0.00347 392 32 

5.457791015 234.6 0.00341 392 32 

5.526978319 251.4 0.00336 222 22 

The thermodynamic functions for adsorption process of drug molecules on surface of prepared composite 

were calculated as shown in Table 5, as Gibb’s free energy change (ΔG) is a negative value, which means that 

the adsorption process occurred automatically. The change in entropy of system (ΔS) is a positive value 

showing that the degrees of freedom of drug molecules are high and mobile[35]. Additionally, the value of 

enthalpy change (ΔH) is positive revealing that the adsorption is an endothermic process i.e., by increasing 

temperature, the adsorption will increase[42-44].  

Table 5. Values of thermodynamic functions of adsorption process of NOR at 25 oC. 

Equilibrium constant (K) ΔS (J. K-1.mol-1) ΔG (kJ. mol-1) ΔH (kJ. mol-1) 

251.383  125.949 -13.693 23.764 

3.4. Kinetic study  

Practical experiments have shown that the time required to reach equilibrium was 120 minutes as shown 

in the Figure 10. In the beginning, the adsorption process was more effective. Given that the active sites are 

ready for adsorption, and with the passage of time, the amount of adsorbed material has reached a state of 

equilibrium and stability. After an equilibrium, the adsorption process begins to slow down because of filing 

of maximum active sites of composite[45].    

 

Figure 10. Effect of reaction time on NOR adsorption. 

Kinetic models i.e., pseudo-first-order (Equation 1) and pseudo-second-order (Equation 2) models were 

applied on time study data, as illustrated in Figure 11.  
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t

Qt
=  

1

k2Qe
2 +  

t

Qe
                                                                    (5) 

here Qt  (mg/g), Qe  (mg/g) refers to amount of adsorbed dye after time t  (min) and at equilibrium, 

correspondingly. k1 (1/min) and k2 (g/mg∙min) denotes rate constant for pseudo-first as well as second model 

correspondingly[46].   Correlation coefficients and kinetic constants were also calculated for both models. The 

results showed that value of correlation coefficient (R2) for pseudo-second-order model is 1 (Table 6). This 

means that pseudo-second-order model is more suitable for describing kinetics compared to the pseudo-first-

order model[47-49].   

 
(a)  

 
(b)  

Figure 11. Kinetic models for adsorption of NOR drug (A) pseudo-first order and (B) pseudo-second order. 

Table 6. Kinetic constants for pseudo-first and pseudo-second models for NOR drug adsorption on composite. 
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 4. Conclusion, limitations and future outlook  

The presence of pharmaceutical byproducts, especially antibiotics like Norfloxacin, in water sources 

creates serious ecological and health concerns, largely due to the rise of antibiotic-resistant strains. Traditional 

water purification methods struggle to fully eliminate these pollutants. To address this, a new composite 

material, combining sodium alginate, acrylic acid, itaconic acid, and bentonite, was created to improve the 

removal of Norfloxacin from contaminated water. The composite's characteristics, including its porous 

structure, key functional groups, and thermal stability, were thoroughly analyzed using various techniques. 

Experiments revealed that Norfloxacin was effectively removed from water, with the process being 

energetically favorable. The adsorption followed a chemical reaction-driven pattern, indicating strong bonding 

between the Norfloxacin and the composite. This research introduces a potentially affordable and 

environmentally friendly adsorbent for treating pharmaceutical-laden wastewater. The composite's ease of 

production, biocompatibility, and potential for scaling up make it a promising candidate for real-world 

applications. Future research should concentrate on increasing its capacity to adsorb pollutants, improving its 

ability to target a variety of contaminants, and developing methods to reuse the material. Furthermore, 

incorporating this composite into more advanced water treatment systems could lead to more sustainable 

solutions for reducing pharmaceutical pollution.  

While the composite demonstrated promising Norfloxacin removal, its practical application faces several 

hurdles. The adsorption capacity, though notable, may be inadequate for industrial-scale wastewater treatment, 

necessitating further research to optimize surface area and functional group density. Moreover, its selectivity 

in complex environmental matrices, containing diverse contaminants beyond Norfloxacin, requires thorough 

investigation. The absence of desorption and regeneration studies hinders assessment of its long-term 

economic viability and reusability. Future research should prioritize developing cost-effective regeneration 

processes and evaluating the composite's performance under varying environmental conditions. A more 

detailed kinetic and diffusion analysis is also crucial to optimize process parameters and address potential mass 

transfer limitations. Furthermore, scaling up the laboratory synthesis for practical applications demands 

attention to composite stability, environmental impact, and modifications to polymerization conditions. Future 

studies should also focus on exploring alternative modification methods to enhance adsorption performance 

and broaden the composite's applicability to a wider range of contaminants. Ultimately, addressing these 

limitations and focusing on these future directions will be essential for translating the composite's promising 

laboratory results into effective and sustainable wastewater treatment solutions.  
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