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ABSTRACT 

Studies have been conducted to gain understandings and generic knowledge of the equilibrium aspects of 

adsorption of different adsorbents, SA-Bn-TiO2 NPs surfaces. Removal of two pollutants, Amoxicillin drug AMX, 

4-chlorophenol (CPH) from aqueous solutions by adsorption with SA-Bn-TiO2 NPs, SA-Bn and TiO2 NPs 

surfaces were experimentally determined. The best results were found at pH 6.6, temperature 30 ºC, and adsorbent 

dosage of 0.05 g of SA-Bn-TiO2 NPs for both studying adsorption capacity and removal percentage. The 

morphology and structure of the SA-Bn-TiO2 NPs hydrogel beads were investigated utilizing Ultraviolet-Visible 

Spectroscopy (UV–Vis), Fourier Transform Infrared (FT-IR), Thermo gravimetric analysis (TGA), Field 

Emission Scanning Electron Microscopy (FE-SEM), Transmission Electron Microscopy (TEM), Energy 

Dispersive X-Ray (EDX) and X-ray Diffraction Spectroscopy (XRD). The best contact time for equilibrium 

reached one hour. It is essentially due to saturation of the active site which does not let further adsorption to take 

place. For the two pollutants onto hydrogel, best adsorption was found to be at pH 11, and adsorption raised by 

increase in the pH solution. The value negative of ∆G confirmed that the nature adsorption process is spontaneous. 

The value positive of ∆S confirmed the raise randomness at the solid-solution interface pending adsorption and 

the value positive of ∆H confirmed that adsorption process is endothermic. 
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INTRODUCTION 

Hydrogels are polymer chains that are highly hydrophilic, so that they are cross-linked to form hydrogels that 

have a high ability to swell in an aqueous solution, and their characteristics are that they trap pollutants inside 

them for the longest possible period without dissolving. It also contains carboxylic, imide, amine, hydroxyl, and 

sulfonyl groups in its three-dimensional structure. These groups are hydrophilic and also have the ability to swell 

(Dhiman et al. 2020). Depending on the nature hydrogel, it can be classified.  Establishing on several  properties 

can be based on if  they are natural (biopolymers) or  synthetic (utilize of synthetic monomers), a mixing of natural 

and  synthetic to give  a hybrid hydrogel (Jawad & Radia 2021; Malatji et al. 2021). Amoxicillin (AMX) is a 

semi-synthetic β-lactam antibiotic belonging to the group of penicillin (Fig. 1) consists of d-4-

hydroxyphenylglycine side chain linked to 6-aminopenicillanic acid (6-APA) moiety. This molecule is relatively 

unstable both in aqueous solution and storage. Amoxicillin (AMX) have been widely utilized in human and 
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veterinary medicine for the treatment of bacterial infections caused via Gram-positive and Gram-negative 

organisms (Aljeboree et al. 2019;  Moussavi et al. 2020; ). However, AMX can cause some side-effects on human 

beings as other β-lactam antibiotics. Various preparations of this drug either alone or combined with other 

ingredients are commercially available (Alqaragully et al. 2015; Karimi Maleh & Tahernejad Javazmi 2020). It 

can cause serious pollution problems. 4-Chlorophenol (called also as p-Chlorophenol) is an organic compound 

and one of three monochlorophenol isomers. Chemical formula: ClC6H4OH, molar: mass 128.56 g mol-1, 

colourless or white solid that melts easily and exhibits significant solubility in water (Pozan 2014; Jun et al. 2019 

Gulin Selda) as shown in Fig. 1. 

 

 
Fig. 1.  Chemical structure of Amoxicillin (AMX) and 4-Chlorophenol (CPH). 

 

MATERIALS AND METHODS 

Materials  

Bentonite clay, Sodium alginate (SA), Calcium chloride dehydrate (CaCl2-2H2O), and Titanium (IV)- bis 

(ammonium lactate) dihydroxide (TALH) solution were supplied by Sigma–Aldrich.   

 

Preparation of the Titanium dioxide nanoparticles  

Titanium dioxide nanoparticles were prepared by the Hydrothermal method of titanium (IV) bis (ammonium 

lactate) di-hydroxide (TALH). This experiment was carried out in a 250-mL Teflon cup, adding 10 mL of (TALH) 

aqueous solution. The concentration of   0.1 M ammonium hydroxide (NH4OH) wear mixed, followed via the 

addition of DW to reach l volume of 100 mL as appear in Scheme 1. 

 

 
Scheme 1. Preparation of TiO2 nanoparticles. 

 

Preparation of hydrogel beads 

Preparation of SA-Bn-TiO2 NPs was carried out based on sodium alginate (SA) by dissolving 4 g SA in 150 mL 

DW and stirring at 350 rpm for 2 hours. At the same time, 2 g bentonite clay was dissolved in 50 mL DW. After 

one hour of reaction time, the slurry solution was added to the sodium alginate (SA) solution gradually until a 

homogeneous solution and a well-dispersed hydrogel were formed. The second stage was to add the homogeneous 

solution obtained from a syringe needle by dropping into a bath saturated with a mixed solution of TiO2 NPs 0.5% 

(w/v) and CaCl2.2H2O 6% (w/v) and impregnation of its surface with TiO2 NPs (shown image of hydrogel in Fig. 

2). 
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Photo 1. Preparation of hydrogel beads. 

 

Effect of several factors on the adsorption methods 

Effect of Initial Concentration of pollutant 

A series of several concentrations of 100 mL for pollutant has been used in this study. A total of 10-100 mg L-1, 

was added to Erlenmeyer flask   in 0.05 g/100 mL of SA-Bn-TiO2 NPs at 30 °C and 220 rpm shaking speed these 

series were putting for 1 hr in a shaker water bath. The adsorption capacity was calculated from equation 1 (Tariq 

et al. 2021): 

 

qe =
(C0 − Ce) ∗ VL

mgm

                                                                         (𝟏)     

The removal rate of E (%) of the pollutant was calculated from equation 2 (Zhao Ying et al. 2020) 
 

E % =
C0−Ce

C0

∗ 100                                                                          (𝟐) 

 

Effect of dose of adsorbent  

 The study was carried out with several doses (0.02, 0.03,0.05, 0.08, and 0.1 g) for SA-Bn-TiO2 NPs. The 

concentrations pollutant were 100 mg L-1. The solutions were put in the shaker water bath about 1 h at 30 ºC. 
 

Effect of pH  

The influence of pH solution on the pollutant removal was examined by varying the initial solution pH (4, 5, 6, 8, 

and 10) using conical flasks (100 mL) container concentrations (100 mg L-1) in 100 mL. The pH was adjusted via 

utilizing 0.1 N HCl and/or 0.1 N NaOH and was measured by a pH meter. Then the quantity of adsorbent (0.05 

g/100 mL) of SA-Bn-TiO2 NPs adsorbents was set on the conical flask. The flasks were placed inside the shaker 

water bath maintained at 30 ºC and the final concentration of dye was measured using the single beam UV-Vis 

spectrophotometer. 
 

Effect of solution Temperature  

The adsorption experiments were performed at several temperatures (10-40 °C) in a thermostat water bath with a 

shaker. The influence of solution temperature was examined with 0.05 g dose of adsorbent SA-Bn-TiO2 NPs 

mixing with 100 mL aqueous solution of pollutant concentration (10-100 mg L-1), and the sample was shaking at 

a period for 1 h. Then the remaining pollutant concentration in the aqueous phase was measured 

spectrophotometrically for the chosen wavelength. 
 

Amoxicillin drug loading 

About 0.5 g SA-Bn-TiO2 NPs was added to 100 mL amoxicillin solution in concentration of 500 mg L-1 and 

placed in a shaker device for a period of 1 h at 30 ºC, afterward the surface was separated from the solution and 

the drug-loading SA-Bn-TiO2 NPs was dried in an oven at 70 ºC and then ground to obtain the powder. 
 

In vitro drug release 

The effect of the hydrogel loaded with a drug in different acidic media, as the release of the drug at pH 1.2 and 

pH 7.5 was studied. An amount of 0.1 g of the surface loaded by a drug was placed in 100 mL of different acidic 
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media, then placed in a shaker water bath at 37 ºC in different times. The removal percentage and amount of drug 

release is calculated through the equations. 

 

Amount of drug release =
Ce  V

M
                                             (3) 

Drug release (%) =
amount of drug release 

amount of drug loading 
× 100                     (𝟒) 

 

RESULTS AND DISCUSSION 

Physicochemical characterization of adsorbents surfaces 

 FT-IR technique was utilized to analyse the surface functional groups responsible for two pollutant (AMX and 

CPH) adsorption. Adsorbent surfaces of SA-Bn-TiO2NPs and pollutant-loaded adsorbent samples after adsorption 

was placed in an oven at 65 ºC for 4 h. Results shown in Fig. 2 exhibit the FT-IR spectra of the SA-Bn and SA-

Bn-TiO2. Starting by the SA-Bn, it clears that the characteristic bands of the polymer matrix are well depicted at 

3300 cm−1, 1600 cm−1, and 1409 cm−1 assigned respectively to the stretching vibration of –O–H from the OH 

group, to C=O, and to symmetric COO− stretching vibrations. New characteristic adsorption band 1718 cm-1, 

assigned to C=O stretching in the spectrum of SA-Bn-TiO2.  Also teeth like peaks in the region about 450-600 

cm−1 of Ti-O bending are observed which confirms the impregnation of TiO2 NPs (Zhao Ying  et al. 2020; 

Soulaima Chkirid et al. 2021) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FT-IR spectra of SA-Bn-TiO2 NPs surface before, and after adsorption of AMX and CPH. 

 

FE-SEM was utilized to study the morphology of hydrogel before and after AMM and CPH adsorption as shown 

in Fig. 3a: bentunite clay; c) SA-Bn; d) SA-Bn-TiO2. The surface morphology of SA-Bn is found to be smooth 

(Fig. 4b), whereas, after grafting of SA-Bn on TiO2 NPs, the surface morphology becomes rougher displayed the 

existence of holes and cavities with different sizes and shapes (Hemant Mittal et al. 2021; Fig. 3c). The internal 

pores can be observed in the morphology of SA-Bn-TiO2 NPs, which favours the intraparticle diffusion of two 

pollutant as shown in Figs. 3d and 3e. TiO2 NPs were sufficient to create well-developed pores with uniform 

distribution leading to large surface area and porous structure. The pores and surface of SA-Bn-TiO2 NPs hydrogel 

were entirely occupied. Furthermore, this confirms the adsorption of the two pollutants by SA-Bn-TiO2 NPs 

(Mittal 2019). Fig. 3f shows image of TEM SA-Bn-TiO2 NPs, where TiO2 NPs was observed embedded inside 

the SA-Bn-TiO2 NPs hydrogel. 
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Fig. 3. Images of FE-SEM (a) Clay Bentonite; (b) SA-Bn; (c) SA-Bn-TiO2 NPs; (d) AMX loaded SA-Bn-TiO2 NPs; and (e) 

CPH loaded SA-Bn-TiO2 NPs and TEM images of a) SA-Bn-TiO2 NPs. 
 

Adsorbent mass of nanocomposite 

The influence of the quantity of the adsorbents was necessary to observe the minimum probable quantity, which 

shows the maximum adsorption stoichiometric. The quantities of the adsorbent varied from 0.02 to 0.1 g/100 mL 

of SA-Bn-TiO2 NPs (Fig. 5). An increase in the E (%) of the pollutants (AMX and CPH) removal with mass of 

adsorbent was related to rises in the adsorbent surface areas and improving the number of adsorption sites 

obtainable for adsorption as reported already in other cases. The rise in removal of pollutants (AMX and CPH) 

with mass of nanocomposite  due to the introduction of more binding sites for adsorption (Yasin et al. 202; Alkaim 

&  Ajobree 2020). The primary parameter explaining this characteristic is that adsorption sites remain un-saturated 

during the adsorption reaction, whereas the number of sites available for adsorption site rises via increasing the 

adsorbent amount (Qiuyan et al. 2022; Al Niaeem & Whidad Hanoosh 2022). 

 

Effect of solution pH  

The effect of pH on the adsorption of pollutants AMX and CPH onto SA-Bn-TiO2 NPs was studied at a pH 

solution choice of 3-10 in the presence of primary concentrations (100 mg L-1; Fig. 6). The equilibrium sorption 

capacity of AMX and CPH on SA-Bn-TiO2 NPs was very little at pH 3 (56.310 mg g-1, 77.45mg g-1 respectively 

a) b) 

c) d) 

e) f) 



416                                                                                                                                                        Enhanced removal of amoxicillin… 

 

which suggests that SA-Bn-TiO2 NPs are excellent adsorbents for pollutant removal from large volumes of 

aqueous solutions (Jiang et al. 2019; Aljeboree & Alkaim 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of the mass quantity of adsorbent SA-Bn-TiO2 NPs on the percent removal and quantity of adsorbed AMX and 

CPH. 
 

When the pH is higher than 6, the sorption capacity of pollutant on SA-Bn-TiO2 NPs increases by elevating pH 

values (Fig. 6). The removal of three pollutants from aqueous solution by SA-Bn-TiO2 NPs is highly pH-

dependent. The results exhibited the maximum adsorption of the pollutants (AMX and CPH) between pH 6-10. 

The adsorption capacity (qe) upraises by elevating pH. Lower adsorption at acidic pH may be due to the presence 

of excess ions H+ competing with the cation groups on the pollutants for adsorption sites. At higher pH, the 

surface may get charge positively, which improves the negatively charged the pollutants anions through 

electrostatic forces of attraction (Yu et al. 2019; Aljeboree et al. 2019). 
 

Effect of temperature 

To determine whether the ongoing adsorption method was exothermic or endothermic, the adsorption isotherms 

were estimated for several pollutants-adsorbent ways. The removal of AMX and CPH has been studied at different 

temperatures (283.15, 293.15, 303.15 and 313.15 K) in the presence of various initial concentrations (10-100 mg 

L-1; Fig. 7). The data appear that the equilibrium adsorption efficiency of AMX and CPH were upraised, while 

elevating the temperature solution for totally primary concentrations. As observed from Fig. 7, the uptake capacity 

of SA-Bn-TiO2 NPs increases by rising temperature, due to the improved magnitude of the reverse (desorption) 

step in the mechanism. This is probably due to the endothermic effect of the surroundings during the adsorption 

method (Kamil et al. 2016; Alshamri & Mohammed 2021). 
 

Effects of temperature on adsorption will also help in the calculation of the basic thermo-dynamic 

parameter like )∆G), (∆H), and (∆S) of the adsorption method. The (Ke) of the adsorption method at 

each    temperature, was obtained from the equation 5: 
 

𝐾𝑒 =
(𝑄𝑚𝑎𝑥) ∗ 𝑊𝑡 (0.05 𝑔)

(𝐶𝑒) ∗ 𝑉(0.1𝐿)
                                                     (𝟓) 

 

where Qmax is the quantity adsorbed in mg g-1, Ce is the equilibrium concentration (mg L-1) of 0.05 g mass of the 

SA-Bn-TiO2 NPs adsorbent, and 0.1 L volume of pollutant (AMX, CPH) solution utilized in the adsorption 

method (Al Niaeem & Hanoosh 2022). The ∆G could be calculate from the equation 6: Al Niaeem & Hanoosh 

2022): 

 

∆G = -RT ln Ke                                                                    (6) 

 

where ∆𝐺: Gibbs free energy (J.K-1 mol-1),  R / gas constant (8.314 J.K -1 mole-1), T / temperature in Kelvin.  The 

∆𝐻 of adsorption may be calculate equation 7 (Osman & Saleh 2020): 

ln 𝑋𝑚 = −
∆𝐻°

𝑅𝑇
+ 𝐶𝑜𝑛𝑠.                                                          (7) 
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Fig. 5. Effect of solution pH on the adsorption of AMX and CPH on SA-Bn-TiO2 NPs (Exp. Condition: Temp. = 30 °C, 

contact time 1 h, and pH of solution 6.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of temperature on the adsorption of AMX and CPH on the surface of SA-Bn-TiO2 NPs. 

 

Plotting lnXm versus 1/T should produce a straight line with a slope -∆H/R (Fig.  8). The value of  ∆𝑆 can be 

obtained from the slope and intercept respectively (Nasseh et al. 2019). From data in Table 1, the ∆H and ∆S for 

adsorption are assumed to be temperature in-dependent. The ∆H is a measure of the energy barrier that should be 

overcome via reacting molecules (Zhao et al. 2020; Sakin et al. 2019) 

 

Comparative adsorption between several surfaces to remove AMX and CPH 

A comparative study between titanium dioxide (TiO2), Sodium alginate-bentonite (SA-Bn), sodium alginate- 

bentonite-titanium dioxide (SA-Bn-TiO2 NPs) surfaces as adsorbents were carried out. A sample of 100 mL of 

AMX and CPH concentrations (100 mg L-1) were used in this study, then were added to Erlenmeyer flask using 

0.05 g titanium dioxide (TiO2), sodium alginate-bentonite (SA-Bn), sodium alginate- bentonite-titanium dioxide 

(SA-Bn-TiO2 NPs), and were placed in a shaker water bath for one hour. Afterward, the supernatant was separated 

by centrifuge and measured the remaining concentration by UV-visible at the λ max (nm; Xiong et al. 2020). The 

best results of the percentage of removal (E%) for AMX and CPH based on the ascending order were: SA-Bn-

TiO2 NPs > SA-Bn > TiO2 NPs (Fig. 8).  
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Fig. 7. Plot ln Xm against the absolute temperature of the adsorption of AMX and CPH onto SA-Bn-TiO2 NPs. 

 

Table 1. Thermodynamic parameter ∆S, ∆G and ∆H of AMX and CPH adsorbed onto SA-Bn-TiO2 NPs. 

SA-Bn-TiO2 NPs adsorbent/ AMX adsorbate 

                    Thermodynamics 

                            parameters 

 T/K 

Ke 
-∆Go/ 

kJ mol-1 

∆Ho/ 

kJ mol-1 

∆So/ 

J.K-1 mol-1 

283.15 8041.95 21.157 

10.424 76.563 
293.15 22307.69 24.390 

303.15 23846.15 25.391 

313.15 27692.31 26.618 

SA-Bn-TiO2 NPs adsorbent/ CPH adsorbate 

                 Thermodynamics 

                             parameters 

T/K 

Ke -∆Go/ kJ mol-1 

∆Ho/ 

kJ mol-1 

∆So/ 

JK-1 mol-1 

283.15 7105.263 20.8666 

4.029 55.1816 
293.15 7894.737 21.8606 

303.15 8157.895 22.6893 

313.15 8421.055 23.5207 

 

Effect of pH on releasing ratio of amoxicillin in vitro 

The release of amoxicillin was studied in conditions similar to the human body in terms of acidity and temperature. 

It was found that the speed of amoxicillin release was higher when the acidity function (pH 7.5). This is due to 

the degree of swelling of the hydrogel and the dissolution of amoxicillin which depends on the acidity function. 

The speed of release of amoxicillin in the alkaline medium as a result of elevation in the rate of swelling was more 

than in the acidic medium (Kevadiya et al. 2021). In the case of acidic function (pH 1.2), the concentration of H+ 

upraises, which competes with the unlinked amino group. Thus, the percentage of hydrogel swelling declines, and 

also the percentage of drug release decreases. The initial burst release of 42% and 25%, in the first one hour was 
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observed for AMX. The cumulative release of AMX in three hours was 68% and 44% at pH 7.5 and pH 1.2 

respectively (Kevadiya et al. 2021; Aguzzi et al. 2020), as shown in Fig. 3 (Bhavesh et al. 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Comparative adsorption between several surfaces to remove AMX and CPH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.  Drug Release profiles of AMX from the SA-Bn-TiO2 NPs at pH 1.2 and pH 7.4 (Temperature: 37 °C). 

 

Adsorption Isotherms 

The Freundlich isotherm is defined through the following equation 8 (Freundlich 1939): 

 

𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/𝑛

                                                                                      (𝟖) 

 

where qe: Quantity adsorbed per unit mass of adsorbent at equilibrium (mg g-1) and (mol g-1); Ce: equilibrium 

concentration (mg L-1) and (mol L-1); Kf: Empirical Freundlich constant or efficiency parameter (L/mg) or the 

pollutant amount adsorbed for unit equilibrium concentration, 1/n: Freundlich exponent (Liu et al. 2019; Kim & 

Jin Hyun 2019). The Langmuir model is mostly utilized for pollutants adsorption from liquid solutions. The nature 

of the adsorption process was derived by Langmuir alternative equation 9 (Langmuir 1918; Zaheer et al. 2019):  
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𝑞𝑒 =
𝑞𝑚𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒

                                                                                   (𝟗) 

 

A plot of qe versus Ce (Figs. 9 & 10) where the values of KF and 1/n are obtained from the intercept and slope of 

the linear regressions. The correlation coefficient (R2 values) for the isotherm Freundlich at 30 ºC were R2 =  

 

0.9998, R2 = 0.9879 and R2 = 0.9988 of CR, AMX and CPH onto SA-Bn-TiO2 NPs respectively (Kumar et al. 

2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Several adsorptions nonlinear models fit of adsorption AMX and CPH onto SA-Bn-TiO2. 

 

CONCLUSION  

The results of the adsorption study show that percentage removal increases by the elevation in the weight of the 

surfaces, while the contact time and optimized value of agitation time is 1 h. The release of amoxicillin was studied 

in conditions similar to the human body in terms of acidity and temperature. Drug release of 62% and 42%, in the 

first 1 h was observed for AMX.  The cumulative release of AMX in three hours was 68%, 44% from pH 7.5 and 

pH 1.2 respectively. The interaction among quantity and primary concentration showed a significant effect on the 

adsorption. Adsorbent showed fits best model Freundlich which suggests that adsorption is heterogeneous. The 

adsorption efficiency for removal of the two pollutants by SA-Bn-TiO2 NPs surface was found to be better than 

the SA-Bn and TiO2 NPs. 
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