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Synthesis of metal-based functional nanocomposite material and its 
application for the elimination of paracetamol from synthetic wastewater 

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• A novel TiO2/Fe2O3/Chitosan Nano
composite was synthesized. 

• Synthesized nanocomposite was char
acterized by SEM, TEM, XPS, TGA, FTIR, 
XRD. 

• Maximum sorption of paracetamol at 
optimized conditions was 90.26%. 

• Langmuir Isotherm fits the sorption data 
with R2 > 0.9481 

• Sorption follows Pseudo First Order re
action with R2 value of more than 
0.9481  
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A B S T R A C T   

Non-steroidal anti-inflammatory medicines (NSAIDs) like paracetamol and other substances released into the 
water system pose serious environmental issues. The current work examines the synthesis of a nanocomposite 
combined with Moringa olifera aqueous leaf extract as a reducing and stabilizing agent for the green synthesis of 
nanocomposites. Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Thermogravimetric 
analysis (TGA), Scanning Electron Microscope (SEM), Transmission Electron Microscope (TEM) were used to 
investigate metal based functional nanocomposites. The absorption band centered at a wavelength of 243 nm, 
which corresponds to the surface plasmon resonances of the produced nanocomposite, is confirmed in UV–vis 
spectra. The distinctive band at this particular wavelength is attributed to a particular group of nanocomposites 
based on the result from the Fourier transform infrared spectroscopy spectra. The spherical with irregularly 
shaped aggregates was confirmed by transmission electron microscopy, and the average size of nanoparticles was 
found to be 1 nm. For the elimination of pharmaceutical contaminants such as paracetamol from aqueous so
lutions, the adsorptive characteristics of nanocomposites were examined. Temperature, pH, adsorbent dosage, 
and agitation speed were investigated as adsorption parameters using Box-Behnken Design (BBD). The best 
removal outcomes were found under the following circumstances: temperature at 303.15 K, pH = 7.5, 0.05 g of 
nanocomposites at 200 rpm. Based on the adsorption study, the kinetics was found to be pseudo first order (R2 >

0.9481) which was validated and fitted by Langmuir isotherm (R2 > 0.9973). The adsorption study confirms that 
it was adsorbed onto the synthesized nanocomposite and found to be present on the homogeneous surface.   
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1. Introduction 

With the rapid development in technology, day by day the lands 
were utilized by different industries for various purposes in different 
sectors for the welfare of human being. Due to the enormous growth of 
industries, wastes are generated in plenteous amount and it is being 
released into the water stream and land. These wastes pose a serious 
threat to the human beings and environment at an alarming rate in 
generation of pollutants, (Mane et al., 2018). The arrival of modern 
technologies and due to change in food habitats lead to several kinds of 
incurable diseases in human being. New medicines were produced 
continuously by pharmaceutical industries (Chandrashekar Kollar
ahithlu and Balakrishnan, 2021). These pharmaceutical industries uses 
both organic and inorganic raw materials for their production and the 
waste discharged by them turn toxic to biological life (Ferrari et al., 
2003). When the drugs are consumed by humans for therapeutic pur
pose, it undergoes different metabolic reactions inside the human body 
and excreted and it is released into the water and affects the environ
ment. The pharmaceutical wastes that discharged in to the water bodies 
cause genotoxicity, acute toxicity, carcinogenicity and also cause some 
mutagenic effects. This pharmaceutical pollutant is an emerging one 
among others (Żur et al., 2018). Commonly detected drug components 
in pharmaceutical waste discharges are paracetamol, 
anti-inflammatory, anti-depressants, aspirin, contraceptives and 
anti-epileptics. Among these paracetamol-based medication wastes were 
detected as larger amount, which is because it has been used as first-aid 
medicine for common body pain and fever by people all over the world 
(Mane et al., 2018). Some of the research work carried out by re
searchers have proven the occurrence of drugs in drinking water (211 
nhL− 1 concentration level) (Hinson et al., 2004; Rabiet et al., 2006; Żur 
et al., 2018; Liu et al., 2021a,b; Tayyab et al., 2022). 

Wide varieties of techniques are available for the removal of phar
maceutical pollutants from water which includes biological, physical 
and chemical methods. The main disadvantages associated with them is 
the generation of enormous amount of sludge and finding remedy for 
their disposal. Recent years, a method that has gained interest among 
the researchers in pharma pollutant removal is advanced oxidation 
process method (AOP). Yet the use of large amount of chemicals and 
high energy consumption made it difficult for the process to succeed in 
the industrial application. Therefore, there is no efficient method were 
developed for removing these kinds of micro pollutants (Candido et al., 
2017). Very low volume of pharmaceutical pollutants like paracetamol, 
antibiotic trimethoprim, etc., were removed with help of entire waste
water treatment processes. Therefore, several approaches based on bio 
components such as nanocomposites were invented by scientific 

communities to overcome this scarcity (Yang et al., 2017). 
The removal of pharma pollutants with help of nanocomposites were 

performed based upon the adsorption theory. Here the presence of 
pharma pollutants in environmental resources was adsorbed by nano
composites containing specific charged functional groups on its 3D 
structure. Therefore, in this study we have developed the nanocomposite 
with help of TiO2/Fe3+/Chitosan for removal of paracetamol pollutants 
from pharmaceutical waste. The scientific reports from (Pişkin et al., 
2013) shows the positive results about the attention of TiO2 nano
particles on removal of organic pollutants. Usually, the TiO2 have op
tical photo catalytic and dielectric features, so that it gives more 
attention in organic pollutant removal strategy. At present TiO2 with 
different formulations has been utilized in many applications related to 
pollution control (Pişkin et al., 2013). Chitosan gives crucial support to 
the adsorption of drug molecules on its structure and can be considered 
as efficient polymeric material for removal of pharmaceutical pollutants 
from environmental sources (Blackburn, 2004; Ciesielski et al., 2003; 
Crini, 2006). Nanocomposite based on TiO2, Fe3+ and biopolymer 
(chitosan) act as good base material for adsorptive removal of organic 
pollutants like paracetamol from pharmaceutical waste. The presence of 
those components in nanocomposites causes the stable affinity for 
paracetamol pollutants. 

Management of these pollutants by the researchers around the globe 
is still a hurdle and has attracted them to find a novel remedy. The 
prevailing study aims in development of a simple method for the pol
lutant’s removal. Several new strategies are proposed to improve the 
performance of sorption and here TiO2/Fe2O3/Chitosan nanocomposite 
is used and various parameters have been optimized in order to obtain 
the maximum removal. 

2. Materials and methods 

Chemicals of analytical grade were used. Titanium isopropoxide, 
Ferric chloride and Chitosan were procured from Merk Ltd, India. 0.1 
Molarity of HCl and NaOH were used to alter the pH of the solution used 
for the study. UV Spectrophotometer (Shimadzu UV-1700 spectropho
tometer) is used for estimating the concentration of the samples. Soni
cator (Bandelin Sonoplus HD-2070) is used for homogenizing the 
composite. 

2.1. Preparation of Moringa olifera leaf extract 

Moringa olifera leaves were collected from Tiruchengode, Tamilnadu. 
Leaves were washed once in tap water and twice in double distilled 
water to remove impurities. They were then dried in sunlight for 24 h 

Fig. 1. Schematic diagram for the sorption of paracetamol from aqueous solution.  
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Fig. 2. a SEM images of TiO2-Fe2O3-chitosan sample 
b HRTEM images of TiO2-Fe2O3-chitosan sample 
c HRTEM – SAED pattern of TiO2-Fe2O3-chitosan sample. 
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Fig. 3. a. TGA analysis of synthesized metal based nanocomposite 
b. TGA analysis of synthesized metal based nanocomposite. 
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Fig. 4. XPS analysis of synthesized metal based nanocomposite.  
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and grinded to powder using mixer. 10 g of obtained powder was dis
solved in 50 ml of double distilled water and allowed to boil at 60 ◦C for 
1 h. The boiled solution was then filtered using whatmann filter paper 
and the collected extract was stored at 4 ◦C for further use. 

2.2. Synthesis of TiO2/Fe2O3/Chitosan Nanocomposite 

TiO2 and Fe2O3 nanoparticles were synthesized using green synthesis 
method using titanium tetra isopropoxide and Ferric chloride as pre
cursors respectively. The techniques used here are available in litera
tures (Shaker Ardakani et al., 2021) (Balaji et al., 2019). The 0.5 g of 
obtained TiO2 nanoparticle and 1.5 g of Fe2O3 nanoparticles is added to 
2 g of chitosan dissolved in 20% acetic acid. The mixture is then ho
mogenized using sonicator for 3 h. Obtained mixture is dried in hot air 
over at 80 ◦C for 4 h. The dried mixture is then finely powdered using 
mortar and pestle and the obtained nanocomposite powder is stored for 
further studies. 

2.3. Characterization of TiO2/Fe2O3/Chitosan Nanocomposite 

The obtained nanocomposites were characterized using several 
methods. The composition of nano- composites was estimated using X- 
ray photoelectron spectroscopy (XPS) (ULVAC-PHI, Inc; Model: 
PHI5000 Version Probe III) and XRD (Bruker, D8- Advance). The 
morphology of nanocomposites was observed using SEM (EVO-18) and 
Transmission Electron Microscopy (TEM) (FEL-Tecnai G2 20 Twin). 

2.4. Sorption experiment for paracetamol removal 

Box- Behnken design (BBD) is used for optimizing the factors like pH, 
Agitation speed and sorbent dosage in paracetamol removal. Experi
ments were accomplished in 250 ml Erlenmeyer flask. 100 ml of 50 ppm 
concentration of paracetamol solution is taken. pH, agitation speed and 
sorbent dosage are adjusted according to the run. After 90 min, solution 
is filtered using whatmann filter paper. Sorbent is collected and the 
concentration of paracetamol in the filtrate is analyzed using UV–Visible 
Spectrophotometer (Shimadzu UV-1700 spectrophotometer) at 243 nm. 
A schematic diagram of the methodology is depicted in Fig. 1. 

The removal percentage of paracetamol is given by 

%=
Co − Ce

Co
× 100 (1) 

Adsorption capacity (qe) is calculated by 

qe =
(Co − Ce)V

m
(2)  

Where Co and Ce are initial and final concentration of paracetamol (mg/ 
L), qe - uptake capacity (mg/g),V - Volume of sample (Solution in ml), m 
- mass of sorbent (g) (Jayakumar et al., 2021). 

3. Results and discussion 

3.1. Characterization 

3.1.1. Morphological 
The surface morphology particle distribution of the sample was 

further characterized through SEM and TEM analysis. Fig. 2a shows the 
SEM image of TiO2-Fe2O3-chitosan sample, which shows the irregular 
shaped nanoparticles with agglomerations. The particles like TiO2 and 
Fe2O3 are folded by the rough and irregular shaped chitosan with slight 
porosity which is further confirmed by the TEM images. Fig. 2b shows 
the high resolution TEM images of TiO2-Fe2O3-chitosan sample. TEM 
image (Fig. 2b) also shows the rough and irregular shape which is 
aroused from the factor of chitosan (Dark colour). Also, Fig. 2c shows the 
high resolution TEM image of TiO2-Fe2O3-chitosan nanoparticles, which 

illustrates the amorphous nature of the nanocomposite. As from these 
result, the roughness and porosity nature of the sample can enhance the 
catalyst performance during the degradation or adsorption process. 

3.1.2. Thermogravimetric analysis (TGA) 
The stability of the synthesized nanocomposite was evaluated using 

TGA. TGA analysis was performed and it is illustrated in Fig. 3a and b. 
From the figures, it has been concluded that a decrease in weight occurs 
in 3 stages. It shows 8.859% weight loss in the temperature range of 
40–150 οC. This may be due to the removal of observed moisture in the 
nanocomposite. A further increase in temperature from 150 to 350 οC, a 
strong dip is observed with a loss of 34.09%. From 350 to 800 οC, the loss 
is found to be 24.31%. 

Differential scanning calorimetry (Fig. 3b) was employed with N2 
(30 - 800οC) at a heating rate of 20οC/min. A peak at 86.8 οC indicates 
the glass transition temperature of FeCl3 used as dopant during synthesis 
of nanocomposite. 

3.1.3. XPS 
Wide survey spectrum obtained from X-ray photoelectron spectros

copy (XPS) of nanocomposite before adsorption shows six major peaks 
(Fig. 4) that possess binding energies of C 1s, N 1s, O 1s, Cl 2S Cl 2p and S 
2p at eV respectively. The spectrum indicates the presence of C, N, O, Fe 
and S. The peaks at the binding energy of 300, 290 and 200 eV corre
spond to C 1s, Cl 2s and Cl 2p respectively. The binding energy of Cl 2s 
and Cl 2p at 290 and 200 eV assigned to chlorine atom which can be 
generated from FeCl3 used during synthesis of nanocomposite. The peak 
at binding energy of 170 eV corresponds to S 2p. The peak at binding 
energy of 400 eV corresponds to N 1s shows the presence of amines, 
imines and positively charged nitrogen atoms. The peak at binding en
ergy of 540 eV corresponds to O 1s which corresponds to lattice oxygen 
and surface oxygen. The presence of peak at 300 eV corresponding to C 
1s confirms the presence of carbon in the composite which is supposed to 
be major element of chitosan compound. The peak at binding energy of 
400 eV corresponding to N 1s proves that chitosan is present in the 
composite since nitrogen is also component of chitosan. The peak at 

Table 1 
Factor levels for sorptive removal of Paracetamol.  

Variables Code Levels 

− 1 0 1 

pH A 4 6 8 
Agitation Speed, (rpm) B 100 200 300 
Sorbent Dosage (g/l) C 0.1 0.5 0.9  

Table 2 
BBD and sorptive removal of paracetamol Using TiO2/Fe2O3/Chitosan 
Nanocomposite.  

Run Order A B C % Removal of Paracetamol 

Experimental Predicted 

1 0.00 1.00 1.00 77.72 74.61 
2 0.00 0.00 0.00 74.39 75.43 
3 − 1.00 0.00 1.00 56.70 57.88 
4 1.00 1.00 0.00 87.13 85.23 
5 0.00 0.00 0.00 76.79 75.43 
6 − 1.00 − 1.00 0.00 51.78 53.68 
7 − 1.00 1.00 0.00 53.09 55.03 
8 0.00 0.00 0.00 75.12 75.43 
9 − 1.00 0.00 − 1.00 59.63 54.62 
10 0.00 − 1.00 − 1.00 61.12 64.23 
11 1.00 0.00 0.00 90.59 95.60 
12 1.00 0.00 − 1.00 80.23 79.05 
13 0.00 − 1.00 1.00 78.79 75.72 
14 1.00 − 1.00 0.00 87.57 85.63 
15 0.00 1.00 − 1.00 63.21 66.29  
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binding energy of 540 eV corresponding to O 1s reveals the presence of 
oxides of titanium and ferrous in the composite. The peak at 780 eV 
assigned to Fe 2p confirms that ferrous is also constituent of composite. 
The shift in the peaks of C 1s, N 1s and O 1s witnesses that materials are 
binded in composite and responsible adsorption of paracetamol. 

3.2. Sorption experiments 

According to Box Behnken Design (Tables 1 and 2), the sorption 
study for the paracetamol was carried out using nanocomposite. The 
results obtained in sorption study was represented in Table 2. 

The expression for the response of the sorption study among the 
variables is given by the following equation (3)  

Removal of paracetamol, % = 75.433 + 15.54A + 0.24B + 4.95C–0.44AB +
3.32AC – 0.79BC – 1.98A2 – 3.56B2 - 1.66C2                                      (3) 

Where A, B and C are the coded values of pH, agitation speed (rpm) and 
sorbent dosage (g/l). 

The results obtained in sorption study is illustrated in ANOVA which 
was represented in Table 3. Based on the results, the model was found to 
be significant with the F value of 6.97 and P value less than 0.5. Among 
the three terms A, B and C, the significant term is A and C. When 
compared to the percentage of removal between experimental and 
predicted one, the experimental results are compatible with the 

predicted one. As the coefficient of variance is low which indicates that 
the deviation between the values of predicted and the experimental one 
is also low. 

3.2.1. Effect of factors on Paracetamol removal 
Removal of Paracetamol depends on various factors like pH, agita

tion speed, sorbent dosage. The effect of pH on paracetamol sorption on 
to nanocomposites is examined by varying the pH from 4.0 to 8.0. The 
results are depicted in Fig. 5. It is clear from the figure that, the pH has 
great influence on the sorption of paracetamol. The pH influences sur
face properties of the nanocomposites by the way of functional group 
dissociation and surface charges. At pH 4 removal of paracetamol is 
found to be very low. This indicates that removal of paracetamol is not 
favorable under acidic conditions. Removal of paracetamol is found to 
increase with increase in pH and it was maximum at the pH of 7.5. 
Therefore, the pH 7.5 is adjusted with 0.1 N NaOH for further 

Table 3 
ANOVA for paracetamol removal using TiO2/Fe2O3/chitosan nanocomposite.  

Source Sum of Squares df Mean Square F-value P-value 

Model 2410.13 9 267.79 6.97 0.0229 
A 1931.93 1 1931.93 50.27 0.0009 
B 9.37 1 9.37 0.24 0.6423 
C 300.86 1 300.86 7.83 0.0381 
AB 0.76 1 0.76 0.02 0.8933 
AC 44.16 1 44.16 1.15 0.3328 
BC 9.89 1 9.89 0.25 0.6335 
A2 1.62 1 1.62 0.04 0.8453 
B2 87.86 1 87.86 2.29 0.1910 
C2 32.85 1 32.85 0.85 0.3976 
Residual 192.17 5 38.43   
Lack of Fit 189.14 3 63.05 41.65 0.0235 
Pure Error 3.03 2 1.51   
Cor Total 2602.30 14    

Std. Dev-4.67; R2 -0.9536; Mean - 71.59; Adj R2- 0.8700; C.V. % - 6.52; Pred R2 - 
0.2750; PRESS-1702.61; Adeq Precision- 10.996. 

Fig. 5. Effect of pH and agitation speed on Paracetamol sorption.  

Fig. 6. Effect of pH and Sorbent dosage on Paracetamol sorption.  

Fig. 7. Effect of agitation speed and Sorbent dosage on Paracetamol sorption.  

M. Rajamehala et al.                                                                                                                                                                                                                           



Chemosphere 308 (2022) 136530

8

experiments. A decrease in sorption capacity of paracetamol at pH less 
than 7 was possibly due to the formation of paracetamol dimers in the 
solution and to the repulsions between the sorbent surface having pos
itive charges as well as the carbocation of paracetamol. As the sorption 
capacity is low at less solution pH, it can be confirmed that the donor- 
acceptor electron mechanism is less active (Bernal et al., 2017). 

The effect of sorbent dosage on removal of paracetamol is studied by 
changing the sorbent dosage from 0.1 to 0.9 g/l. The results obtained are 
shown in Fig. 6. Maximum removal of paracetamol is obtained at 0.5 g/l 
of sorbent dosage. The reason is, the increase in dosage creates a large 
contact surface area which in turn produces large amount of vacant sites 
but the available sorbate are limited. Previous literatures on the appli
cation of nanocomposites (Sarojini et al., 2021; Karimi et al., 2012) 
reported similar results for the removal of pollutant by adsorption pro
cess. At the optimum conditions the experiments are performed and 

maximum removal of 90.59% is achieved. 
The effect of agitation speed is examined in the range of 100–300 

rpm and it is depicted in Fig. 7. From the figure, it has been found that 
the maximum removal of paracetamol occurs at 200 rpm. The per
centage of removal is less at low speed because of the sorbent deposition 
at the bottom. Then adsorption capacity of the sorbent reduced and 
attained equilibrium at 250 rpm. This is in accordance with many lit
eratures (Rajamohan et al., 2014; Sarojini et al., 2021). 

3.3. Sorbent characterization after sorption 

3.3.1. XRD 
Phase and crystalline nature of the prepared samples were utilized 

through XRD analysis. Nature of the nanocomposite can be analyzed 
using XRD (Rajamehala et al., 2022). Fig. 8a and b shows the XRD 

Fig. 8. a and b X-Ray Diffraction patterns of TiO2/Fe2O3/Chitosan nanocomposite before and after sorption.  
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spectra of synthesized TiO2-Fe2O3-chitosan sample. X-ray powder 
diffraction technique verified inadequate distinguishing diffraction 
peaks throughout the pattern demonstrating the amorphous nature of 
the synthesized nanocomposites. The main diffraction peaks of 2Ɵ at 18, 
30, 48, showed the presence of Chitosan, TiO2 and Fe2O3 nanoparticles. 
No sharp peaks were observed. After adsorption, sharp peaks were 
observed indicating crystalline form. The change in diffractogram 

indicates that adsorption of paracetamol altered the phase of 
nanocomposite. 

3.3.2. FTIR 
FTIR measurements of the nano sorbent are performed to ascertain 

the functional groups present in it. The FTIR spectra of TiO2/Fe2O3/ 
Chitosan Nanocomposite before and after sorption was presented in 

Fig. 9. FTIR of nanocomposite before and after sorption.  
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Fig. 9. The major zones observed in the transmittance spectrum corre
spond to Carboxylic, alkane, alkene, alkyl and hydroxyl functional 
groups. The band shows the presence of broad adsorption band between 
3500 and 3000 cm− 1 due to the O–H stretching and H- bonded alcohols 

and phenol groups. The bands between 2400 and 2000 cm− 1 correspond 
to N––C––S stretching and primary amine, CN stretching vibrations 
respectively. The vibration modes of Ti–O in the nanocomposite cause 
the characteristic peak at 1375 cm− 1. The N–H scissoring from the pri
mary amine due to the free amino groups in the cross-linked chitosan is 
confirmed by the peaks about 2000–1650 cm− 1. (Bhanvase et al., 2019). 
The shifting of peaks after sorption is also presented in Table 4. Sub
stantial modifications are detected in the peak values, which specify the 
physical interaction between paracetamol and nanocomposite. This shift 
in peak values may be due to the formation of chemical bond between 
functional groups present on nanocomposite and paracetamol. Similar 
shift in peaks is noted in Lung et al. (2021). 

3.4. Equilibrium and isotherm studies 

The different adsorption isotherms are used to study the paracetamol 
adsorption performance and were given in the Table 5. 

The experimental data are fitted with both linear and non-linear 
models of Langmuir, Freundlich, D-R, Temkin isotherms and the pa
rameters are given in the Table 6. 

The Langmuir isotherm is based on regularity and homogeneity of 
the sorbent and binds to a surface with numerous vacant sites for single 
layer sorption. The model’s main flaw is that, it assumes adsorbents at 
each site have uniform energies. 

The RL determines the isotherm’s favorability, which should be less 
than one for fitness. 

RL= 1
1+(1+bCo )

(4)  

where Co - initial concentration of paracetamol. 
The correlation coefficient value of above 0.90 shows the fitness of 

experimental data with model prediction. It is observed that high cor
relation is observed in both linear (R2 = 9973) and non-linear (R2 =

9755) models of Langmuir isotherm. Results show that the proper nature 
of the above-mentioned isothermal model indicates that an adsorption 
process homogenous. The Freundlich isotherm constant value of 1/n, 
between 0 and 1, indicates good adsorption. Here (1/n) = 0.3321 sug
gests that the sorption of paracetamol was favorable. 

Hence, Langmuir adsorption isotherm is favorable for experimental 
data for the sorption of paracetamol using TiO2/Fe2O3/Chitosan 
nanocomposite. 

The Temkin isotherm’s high R2 value indicates that the model fits the 
data well. Physical adsorption occurs in the D-R isotherm when E is less 
than 8 kJ/mol, whereas chemical adsorption occurs only when E is 
greater than 8 kJ/mol (Sarojini et al., 2021). The table revealed that E =
1.147, indicating that the process was physical. Based on the findings, it 
is possible to conclude that the sorption mechanisms tend to follow the 
Langmuir model. This is also clearly depicted in Fig. 10. 

3.5. Kinetic studies 

Kinetics is vital for an effective implications of pollutant removal on 
sorbent because it allows us to understand the mechanism of adsorption 
and potential rate-limiting steps. Furthermore, knowledge on the ki
netics of pollutant absorption is required in order to select the best 
conditions for the full-scale batch pollutant removal process. Different 
kinetic models are employed in order to analyze the adsorption rate of 
paracetamol on to TiO2/Fe2O3/Chitosan Nanocomposite. 

3.5.1. Pseudo First Order Model 
Lagergren proposed a pseudo-first-order equation (Yuh-Shan, 2004) 

and in linear form it is: 

log(qe − qt)= log qe −
K1

2.303
t (5)  

Where qt and qe (mg/g) are the amount of the pollutant adsorbed at time 

Table 4 
FTIR of nanocomposite before and after sorption of paracetamol.  

Wavelength Range 
(cm− 1) 

TiO2/Fe2O3/Chitosan 
Nanocomposite 

Functional Groups 

Before 
Sorption 

After 
Sorption 

3500–3000 3312.047 3240.172 Bonded–OH groups 
3084.363 3190.746 Bonded–OH groups 

3000–2800 – 2922.823 CH stretching 
– 2853.014 CH stretching 

2400–2000 2103.569 2296.720 N=C––S stretching 
2081.763 2212.212 C (triple bond) N 

stretching 
– 2111.664 C (triple bond) C 

stretching 
2000–1650 1992.685 1995.010 CH bending 

1893.477 1917.897 CH bending 
– 1735.891 C=O stretching 

1600–1300 1594.726 1594.176  
1541.982 – N–O stretching 

1400–700 1404.934 1408.115 O–H bending 
1375.439 1375.169 O–H bending 
1237.011 1234.064 C–O stretching 
1028.248 1151.907 C–N stretching 
– 1030.255 S=O stretching 
791.064  C=C bending  

Table 5 
Isotherms used for the sorption of paracetamol.  

Isotherm Non-Linear 
form 

Linear form Reference 

Langmuir qe=
qmbCe

1 + bCe 

1
qe

=
1

qm
+

1
qmbCe 

Langmuir (1916) 

Freundlich qe=Kf C
1/n
e log qe= log Kf +

1
n

log Ce 

Freundlich, 1906 

Dubinin- 
Radushkevich 
(DR) 

qe=qs exp ( −

kad∈
2)

ln qe= ln qs −

kad∈
2 

Dubinin (1960) 

Temkin qe=
RT
bT

ln ATCe qe=
RT
bT

ln AT +

RT
bT

ln Ce 

Temkin and 
Pyzhev, 1940  

Table 6 
Isotherm model parameters for Paracetamol sorption on to TiO2/Fe2O3/Chito
san Nanocomposite.  

Isotherm Parameters 

Linear Non-Linear 

Langmuir qmax 175.4386 qmax 178.1 
B 0.372 B 0.3392 
R2 0.9973 R2 0.9755 

Freundlich Kf 55.55 Kf 72.2 
1/n 0.3321 n 4.193 
R2 0.9247 R2 0.9018 

D-R qmax 143.33 Kdr 155.2 
B 0.3798 Bdr 1.213 
E 1.147 R 1.494 
R2 0.909 T 1.323 

R2 0.8229 
Temkin B 32.786 R 1.702 

KT 5.012363 T 1.258 
Br 0.06829 

R2 0.9746 AT 6.133 
R2 0.9575  
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t (min) and equilibrium (mg/g), respectively. K1 is the rate constant of 
the equation (min− 1) (Vasudevan et al., 2010). The coefficient deter
mination of pseudo first order is 0.9481 and value of rate constant K1 is 
calculated as 0.02786 min− 1. 

3.5.2. Pseudo second order model 
The sorption behavior over the whole adsorption time is predicted by 

the pseudo second order model (Ho and McKay, 1999) 

t
qt
=

1
K2q2

e
+

1
qe

t (6)  

Where K2 (g/mg min) is the rate constant of the second order equation. 
qt and qe (mg/g) are the amount of the pollutant adsorbed at time t (min) 
and equilibrium (mg/g) (Kamaraj et al., 2016, 2018; Kamaraj and 
Vasudevan, 2016). From the plot it is calculated that coefficient of 
Pseudo second order reaction is 0.4531 and K1 is 0.0000057 g/mg.min. 

3.5.3. Intra Particle Diffusion model 
In order to understand the transport phenomena on adsorption of 

liquid particles onto the solid support, diffusion study was carried out 
(Weber and Morris, 1963), which is given by the following equation: 

qt =Kidt0.5 + C (7)  

Where Kid is the intraparticle diffusion rate constant (mg/g min0.5) and C 
is the intercept. 

3.5.4. Elovich Model 
The Elovich model (Ozacar and Sengil, 2005) integrates α as the 

initial adsorption rate (mg/g min) and β as the desorption constant. A 
plot of qt vs ln(t) should give a linear relationship with a slope of (1/β) 

Fig. 10. Isotherm models: (a) Langmuir isotherm (b) Freundlich isotherm (c) Temkin isotherm (d) D-R isotherm (e) non- linear model.  

Table 7 
Kinetic Parameters for the sorption of paracetamol.  

Kinetic Model Parameters for Paracetamol 

I Order K1 (min− 1) 0.02786 
R2 0.9481 

II Order K2 (g/mg min) 0.0000057 
R2 0.4531 

Intra Particle Diffusion Kid (mg/g min 0.5) 10.756 
R2 0.8798 

Elovich α (mg/g min) 3.40 
β(g/mg) 0.0198 
R2 0.9818  
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and an intercept of (1/β) ln(αβ) 

qt =
1
β

ln(αβ) +
1
β

ln t (8)  

where α - constant of Elovich model (mg/g− min) and β - exponent in 
Elovich model (g/mg). 

The values of the kinetic model parameters are presented in Table 7 

and plots are presented in Fig. 11. From these figures, it is observed that 
the Pseudo first order, intra particle and Elovich kinetic models fit the 
experimental data very well. The R2 greater than 0.89 shows the validity 
of these model. Based on the correlation coefficient, the Elovich model 
best fits the sorption of paracetamol when compared to other models. 

3.6. Thermodynamic studies 

The effect of temperature on paracetamol removal is studied be
tween 298.15 K and 323.15 K and is depicted in Fig. 12. Adsorption 
removal efficiency initially increases with increasing temperature due to 
increased particle movement and was found to be maximum at 303.15 
K. At this temperature, the molecules should have enough energy to 
interact on the free sites on the nanocomposite surface. Further tem
perature variations have little effect on sorption efficiency. A decrease in 
paracetamol removal was observed at very high temperature 323.15 K. 
It implies that higher temperatures seem to be not suitable for Para
cetamol adsorption using the produced nanocomposites. Furthermore, 
increasing the temperature increases the adsorbate mobility, resulting in 
desorption, and the interaction between Paracetamol and nano
composite was exothermic at higher temperatures. 

Thermodynamic aspects for sorption of paracetamol on nano
composite is found using the following equations: 

ΔG=RT lnK (9)  

ΔG=ΔH − TΔS (10)  

Where R-Universal Gas Constant (8.314 × 10− 3 kJ/mol K) 

T - Temperature in Kelvin and 
K - Equilibrium constant, 

K =
qe

Ce
(11)   

ΔG - Gibbs free energy (kJ/mol) 

Fig. 11. Kinetic Models: a) Pseudo First Order b) Pseudo Second Order c) Intra Particle Diffusion (d) Elovich Model.  

Fig. 12. Thermodynamic plot for the sorption of paracetamol.  

Table 8 
Thermodynamic parameters for Paracetamol sorption on to TiO2/Fe2O3/Chi
tosan Nanocomposite.  

Pollutant Temp(K) ΔGo (kJ/mol) ΔSo (kJ/mol K) ΔHo (kJ/mol) 

Paracetamol 298.15 − 6.0161 0.2395 78.297 
303.15 − 7.0143 
308.15 − 4.1942 
313.15 − 3.4152 
318.15 − 2.0445 
323.15 − 0.7727  
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ΔH - Enthalpy change (kJ/mol) and 
ΔS -Entropy change (kJ/mol K). 

The values of ΔH and ΔS are found using from the intercept and slope 
of the graph, ΔG versus T for paracetamol sorption using TiO2/Fe2O3/ 
Chitosan nanocomposite (Jayakumar et al., 2021). The values of these 
parameters are presented in Table 8 (Sahmoune, 2019). The positive 
value of ΔH indicates that the sorption is endothermic, and the positive 
value of ΔS indicates that the randomness at the solid-solution interface 
increases during the sorption process. ΔG with a negative value in
dicates that the sorption process was spontaneous, whereas ΔG with a 
positive value indicates that the sorption process was favorable 
(Mohammed et al., 2018). 

A comparison has been made for paracetamol removal using other 
sorbents and it is provided in Table 9. It can be seen that the nano
composite synthesized in this work show good uptake of paracetamol 
when compared to others. 

4. Conclusion 

An attempt has been made to remove pharma pollutant concerning 
the use of a novel nanocomposites synthesized from Moringa olifera 
extract rather than commercial activated carbon. The adsorption char
acteristics of synthesized nanocomposite to remove paracetamol have 
been studied, with emphasis on uptake, kinetics, equilibrium and ther
modynamics. The adsorption data were fitted to the Langmuir isotherm 
model, with R2 values of 0.9973 and the maximum monolayer adsorp
tion capacities of 175.43 mg/g for paracetamol, which is very high when 
compared to other literatures. Furthermore, the kinetic studies corre
sponded well to the pseudo-first-order kinetic model. The sorption 
process was found to be spontaneous, endothermic, and physical. The 
findings confirmed the efficacy and applicability of nanocomposite in 
the treatment of aquatic systems contaminated with NSAIDs like para
cetamol. The findings of this study indicated that a green-synthesized 
nano-adsorbent could be used as a promising resource to efficiently 
remove pollutants generated from pharmaceutical industries in a real 
time manner in the future. 
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