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ABSTRACT 

In this work, we prepared an eco-friendly, simple, stable new adsorbent SA-Bn-TiO2 NPs hydrogel and 

Comparative between SA-Bn-TiO2 NPs, SA-Bn, and TiO2 NPs surfaces as adsorbents. The best results of the 

percentage of removal (E%) of two pollutants including Amoxicillin (AMX) and 4-chlorophenol (CPH) arranged 

in the order of increasing as SA-Bn-TiO2 NPs > SA-Bn > TiO2 NPs. The good results of the percentage of removal 

(E%) of SA-Bn-TiO2 NPs were 87.56% and 82.56 for AMX and CPH at the same order. Kinetics adsorption 

models of two pollutants on SA-Bn-TiO2 NPs was studied and modelled utilizing three adsorptions kinetic. The 

classification of the kinetic models according to the simulation of the adsorption study is pseudo first order < 

pseudo-second order > chemisorption. Recyclability and desorption studies indicated the better reusing 

performance of the prepared composite. Based on the results, the prepared nano-composites can be useful as a 

promising, cost-effective, environmentally friendly, and efficient material for pollutant decontamination. Studies 

was carried out utilizing several desorption agents at various concentrations (0.01, 0.05 and 0.1 N) including 

HNO3, H2SO4, HCl, NaOH, H3PO4, ethanol, acetone and water. The SA-Bn-TiO2 NPs was regeneration with 

100% using water. 
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INTRODUCTION 

Adsorption is a fast phenomenon of negative separation of adsorbate from phase aqueous/gaseous on a solid phase 

(Ardizzone et al. 1993; Wared & Radia 2021). Adsorption happens among two phases in transfer pollutants from 

one phase to second. It is considered to be a complex phenomenon and rely especially on the surface chemistry 

or nature of the adsorbate, adsorbent, and the system conditions in among the two phases. Adsorption methods 

offer the utmost economical and effective treatment way for the removal of pollutants from waste water. The 

process is often carried out in a batch mode (Ho & McKay 1994), via adding an adsorbent to a vessel having 

contaminated water, stirring the mixture for a sufficient time, then letting the adsorbent settle, and drawing off the 

cleansed water (Al Mashhadani et al. 2021; Karim & Radia 2022; Nasir et al. 2022; Saleh Ibrahim et al. 2022). 

The adsorbate is the material that is presence removed from the liquid phase. The adsorbents are the solid, gas 

and liquid phases onto which the adsorbate accumulates. The term adsorption is too used to portray two type of 

forces of interaction among adsorbent and adsorbate. These interaction forces are broadly depicted as chemi-

sorption (chemical adsorption), and physi-sorption (Rouquerol et al. 1999; Aljeboree & Alkaim 2019; physical 

adsorption; Al Mashhadani et al. 2021). 
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MATERIALS AND METHODS 

Experimental part  

Determination of optimum calibration curves of Amoxicillin (AMX) and 4-Chlorophenol (CPH) 

A stander solution (1000 mg L-1) was prepared via dissolving 1.0 g AMX and CPH in 1000 mL distilled water 

(DW). The calibration curve of several concentrations of these two drugs were prepared in serial dilutions (2-100 

mg L-1). In addition, absorbance was measured at the λ max for them. The calibration curves of AMX and CPH 

are shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Calibration curve for Amoxicillin (AMX) and 4-Chlorophenol (CPH).  

     

In order to estimate the precision and accuracy of the way, solutions contained ten several concentrations. The 

measured detection limit (LOD), limits of Quantitation's (LOQ), RSD (%) and SD are presented in Table 1. 

The LOD and LOQ for the proposed method were calculated using equations 1 and 2. 

LOD =
3 S.D

b
                                                                                               (𝟏)                                                                                                                

The limits of Quantitation's (LOQ) was experimentally calculated using equation 2:   

LOQ=
10 SD

b
                                                                                                (2) 

 SD is the standard deviation and b is the sensitivity, namely the slope of the calibration graph.  

                                                                                                            

Table 1. Statistics data of calibration for several concentrations of Amoxicillin (AMX) and 4-Chlorophenol (CPH). 

Parameters Proposed Method AMX 

Proposed Method CPH 

λmax (nm) 272 270 

Beer’s law limit (μg mL-1) 2–100 2-100 

Regression equation 
(Y = m X + C) 

Y= 0.0058X - 0.0133 

(Y = m X + C) 

Y = 0.0102X - 0.0436) 

Slope (m) 0.0058 0.0102 

Intercept (C) -0.0133 -0.0436 

Correlation coefficient (r2) 0.9993 
0.9985 

Color Colorless Colorless 

LOD (μg mL-1) 1.027×10-4 1.026 × 10-4 

LOQ (μg mL-1) 3.344×10-4 3.422 × 10-4 

Relative standard deviation, RSD (%) 83.51 87.77 

standard deviation (SD) 0.1986 0.349 

Molar absorptivity (L/mol.cm) 2.119 × 103 1.311 × 103 

Sandal's sensitivity (μg cm-1) 0.172 × 10-6 9.8 × 10-8 
 

Adsorbent regeneration experiments 

In order to investigate reusability of the adsorbents, 0.5 g SA-Bn-TiO2 NPs adsorbent was added into 100 mL of 

each of the two pollutants (AMX and CPH) at the concentration of 500 mg L-1, 30 ºC and pH 6.0 to achieve 

saturated adsorption. The SA-Bn-TiO2 NPs was regenerated in excess desorption studies utilizing several 

desorption agents at the concentrations of 0.01, 0.05 and 0.1 N such as HCl, H2SO4, H3PO4, HNO3, NaOH, ethanol, 

acetone and water to regenerate anionic binding sites and finally washed with excess DW prior to use in the next 
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adsorption cycle. An regenerate cycle was repeated 6 cycles utilizing 100 mL of pollutant solution at the 

concentration of 500 mg L-1, 30 oC and pH 6.0. 

 

Removal of Pollutants (Dyes, pharmaceutical, and phenol compound) using SA-Bn-TiO2 NPs 

A real sample (100 mL) of pollutants containing phenol (PH), 4-Clorophenole (CPH), Amoxicillin (AMX), 

phenylephrine hydrochloride (PHE), Tetracycline (TC), Paracetamol (PR), Vitamin B6 (pyridoxine), riboflavin 

(RF), Crystal Violet (CV), Methylene Blue (MB), Congo red (CR), Brilliant Blue (BB), Direct yellow (DY) with 

a riffle concentration were added in Erlenmeyer flask using 0.05 g SA-Bn-TiO2 NPs, afterward the mixture were 

placed in a shaker water bath for one hour. 

 

RESULTS AND DISCUSSION 

Characterization of adsorbents surfaces 

FESEM made used to study the morphology of hydrogel before and after AMX and CPH adsorption as shown in 

Fig.2. Through the results shown in Fig. 3a, the surface is rough and contains white particles, evidence of the 

tolerance of titanium oxide on the surface of the prepared hydrogel. In Figs. 2b and 2c after the adsorption process, 

it was observed that most of the effective sites of the surface were filled with the occurrence of many irregular 

zigzags on the surface, evidence of successful adsorption (Aljeboree et al. 2019; Karim & Radia 2022). The 

technique of TEM was also studied after loading titanium oxide on the prepared hydrogel as shown in Fig. 2d.  

 

 

 
Fig. 2. FE-SEM images of (a) SA-Bn-TiO2 NPs; (d) AMX loaded SA-Bn-TiO2 NPs; (e) CPH loaded SA-Bn-TiO2 NPs; and 

TEM images of (a) SA-Bn-TiO2 NPs. 

 

Removal of pollutants Using SA-Bn-TiO2 NPs             

A laboratory samples (100 mL) of pollutants (drugs, dyes and chemical compounds) with a refry concentrations 

were utilized in this experiment, followed by adding 0.05 g of SA-Bn-TiO2 NPs to Erlenmeyer flask and placing 

in a shaker water bath for one hour, afterward, separating via centrifuge and measuring the remaining 

concentration via utilizing UV-Vis spectrophotometer (Xiong et al. 2020; Shoaib Nawa et al. 2022). The result 

are shown in Figs. 3a-c. 

 

a) b) 

c

) 

d

) 



660                                                                                                                                                                   Highly adsorption of alginate… 

 

 
Fig. 3. Spectrum of removal several pollutants a) only dyes, b) only drugs c) dyes and drug using SA-Bn-TiO2 NPs. 

 

Regeneration of SA-Bn-TiO2 NPs  

The reactivated of hydrogels, after sorption, is one of the important economic parameter for the treatment method. 

It helps in elucidating the mechanism of the pollutants (AMX and CPH) removal from pollutant -loaded adsorbent, 

re-generation and reutilizing adsorbents, which in turn may decrease operational cost. The pollutants (AMX and 

CPH) desorption studies were carried out utilizing several desorption agents at the concentrations of 0.01, 0.05 

and 0.1 N) including NaOH, H2SO4, HNO3, H3PO4, HCl, ethanol, acetone and water (Zhang et al. 2019; Hoppen 

et al. 2019).  The SA-Bn-TiO2 NPs was regenerated by 100% using water as shown in Tables 2-3. 
  

Table 2. Comparing desorption efficiency of several type solution for the AMX onto surface of SA-Bn-TiO2 NPs. 

Regeneration and desorption 

(0.01 N) 

E 

(%) 

Regeneration and desorption 

(0.05 N) 

E 

(%) 

Regeneration and desorption 

(0.1 N) 

E 

(%) 

Fresh water 84.87 Fresh water 84.87 Fresh water 84.87 

Ethanol 80.22 Ethanol 82.87 Ethanol  83.11 

H3PO4 77.34 H3PO4 75.87 H3PO4 66.67 

HCl 70.77 HCl 67.87 HCl 60.09 

H2SO4 65.77 H2SO4 56.76 H2SO4 50.45 

HNO3 60.55 HNO3 49.98 HNO3 42.87 

Methanol  55.11 Methanol 44.56 Methanol 35.01 

NaOH 50.11 NaOH 42.44 NaOH 33.3 

 

Table 3. Comparing desorption efficiency of several type solution for CPH onto surface of SA-Bn-TiO2 NPs. 

Regeneration and desorption 

(0.01N) 

E 

(%) 

Regeneration and Desorption 

(0.05 N) 

E 

(%) 

Regeneration and Desorption 

(0.1 N) 

E 

(%) 

Fresh water 80.29 Fresh 80.29 Fresh 80.29 

Ethanol 75.12 Ethanol 78.57 Ethanol  80.11 

H3PO4 72.76 H3PO4 62.87 H3PO4 59.99 

HCl 66.87 HCl 53.87 HCl 47.09 

H2SO4 59.98 H2SO4 45.98 H2SO4 38.87 

HNO3 50.87 HNO3 37.87 HNO3 30.87 

Methanol  47.11 Methanol 35.55 Methanol 29.77 

NaOH 44.65 NaOH 30.65 NaOH 28.98 
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The performance and reutilization of SA-Bn-TiO2 NPs using water in the AMX and CPH adsorption methods 

were examined up to six steps under optimum conditions (Fig. 4). After 4 cycles of utilizing SA-Bn-TiO2 NPs, 

the capacity was yet significant (>80%) and revealed SA-Bn-TiO2 NPs as best adsorber (Al Bayati 2020; Sevda 

Pashaei Fakhri et al. 2021). By increasing the number of stages of hydrogel used, the capacity of hydrogel slightly 

decreased, which can be attributed to several parameters such as damage to active sites on the adsorbent saturation 

of active sites as well as breakdown of hydrogel polymer network through the continuous adsorption-de-sorption 

cycles which destroyed SA-Bn-TiO2 NPs and decreased the removal capacity (Sukul et al. 2019; Hemant Mittal 

et al. 2021) 

 

 
 

Fig. 4. multi-cycle use of SA-Bn-TiO2 NPs for the AMX and CPH adsorption using water as desorption medium. 

 

Kinetic models 

The mechanism of adsorbate-adsorbent interaction is top described via examining the rate of expression for the 

adsorption dye onto SA-Bn-TiO2 NPs. It appeared via influence of time on the adsorption method and fitting the 

investigational findings to several conventional models. (Abdalghaffar M Osman & Saleh 2020). The rate of 

expression can be estimated via analysing the adsorption result with three kinetic adsorption models: first model, 

second model, and Chemisorption. The fitting data are presented in Fig. 7 and Table 3. A kinetic description of 

adsorption (first model equation): 

 

qt=qe[1-exp( kf t)]                                     (3) 

 

Lagergren's usability deviates from its non-linear form, according to the results. This means that the new kinetic 

is inadequate for forecasting first models of sorption kinetics on SA-Bn-TiO2 NPs. We were going to apply the 

result to models, since the kinetic first-order failed to represent the sorption effects (Saeed et al. 2020). The 

following is an example of a second model equation calculate (Del Mar Orta et al. 2019; Shumei Zhao et al. 

2020): 

 

qt= 
K2qe2t

1+K2qet
                                                        (4) 

 

The non-linear structure of the Elovich (Chemi-sorption model) [49] as follows: 

 

qt=
1

β
1βln(αβ)+ 

1

β
lnt                                               (𝟓) 

 The kinetic adsorption from the Elovich is shown in Fig. 5 and Tables 3 - 4. The non-linear plots of qt versus t 

for several primary concentrations demonstrated best consistency among the experiments and determined qe 

values. Thus, second model of kinetic adsorption exhibited best R2 than the Chemi-sorption model. According to 

results, the adsorption was better suited to second model than the Chemi-sorption model (Nasseh et al. 2019; Kim 

& Jin Hyun 2019) 
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Table 3. First model, second model and Elovich for the AMX and CPH adsorptions on to SA-Bn-TiO2 NPs. 

Model type Factors Value Standard error R2 

First model 
qe (mg g−1) 84.3333 0.7577 

0.9779 
kf (min−1) 0.0937 0.0047 

Second model 
qe (mg g−1) 93.8769 1.0135 

0.9856 
ks (gmg−1 min−1) 0.1363 0.0085 

Elovich model  
α (mg g−1 min−1) 39.7754 1.9068 

0.9558 
β (g min−1)    1.9460        0.1797 

 

CPH 

Model type Factors Value Standard error R2 

First models 
qe (mg g−1) 82.6858 1.4335 

0.9665 
kf (min−1) 0.05389 0.0037 

Second model 
qe (mg g−1) 98.253 3.5667 

0.9437 
       ks (gmg−1 min−1) 0.0636 0.0090 

Elovich models  
     α (mg g−1 min−1) 42.935 4.6214 

0.8100 
       β (g min−1)        1.4146           0.2460 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Adsorption rate curve models fitted to experimental AMX and CPH onto SA-Bn-TiO2 NPs; a) kinetic first order; b) 

second order; and c) Elkovich. 

 

CONCLUSION 

1.  Removal of real aqueous pollutants (dyes, drugs, phenols) using SA-Bn-TiO2 NPs to give low 

absorbance (0.0001) via utilizing UV-Vis spectrophotometer for at a chosen wavelength for 60 min. 

2. The chemisorption, first model, and second model of kinetic were useful to test the study result. The first 

model exhibited the maximum fit for the kinetic models. 

3. The SA-Bn-TiO2 NPs with regeneration of 100% can be desorbed in water in the three pollutants (CR, 

AMX and CPH). Adsorption method was investigated up to 4 steps under optimum conditions.  
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