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It has been established that the presence of paracetamol in wastewaters can cause a potential risk to the environment. This 

work examined the possibility of using calcined gypsum in removing paracetamol from aqueous solutions. At neutral pH 

conditions, calcined gypsum was successful in removing paracetamol via adsorption, from aqueous solutions with a removal 

efficiency that ranged between 56.8 to 65.3 % of an initial concentration of 600 ppm. Increased temperature (from 20 to 500C) 

had a minor effect on the removal % of paracetamol while increasing the initial calcined gypsum dose (from 0.5 gm to 3 gm) 

and contact time (up to 15 min) increased by the removal % of paracetamol. Thermodynamically, the adsorption of 

paracetamol by calcined gypsum process was found to be spontaneous and endothermic, and more likely a physical process, 

while kinetically; the Pseudo-Second order model was found to be the best fit compared to the Elovich model. The removal 

process mainly consists of two stages, and it could be deduced from the kinetic behavior of paracetamol adsorption that the 

recrystallization process can be another rate-limiting step in the process. 
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Introduction 
 

Paracetamol is one of the most important pollutants in industrial wastewater; although the amounts of paracetamol detected in 

different locations are usually low, however, the long-term discharge may cause potential risk to the environment (Kong et al, 

2006). Paracetamol is a common analgesic and antipyretic drug (Kong et al, 2006), has widespread usage as the raw material of 

many drugs. Removal micro-pollutants including paracetamol from wastewater was achieved by; physical treatment (Ayyash et 

al., 2015), biological methods and/adsorption followed by ultrafiltration/microfiltration separation(Ayyash et al., 2015; Karaman 

et al., 2016), chemical treatment(Kong et al., 2006; Felis and Miksch, 2009), advanced oxidation process (Felis and Miksch, 2009; 

Ratpukdi, 2014), as well as membrane separation techniques (Ayyash et al., 2015). Several authors have studied the treatment of 

micro-polluted in wastewater especially paracetamol using physio/chemical methods, such as adsorption There is a wide range of 

adsorption materials used for paracetamol removal, this includes activated carbon (Cabrita et al., 2010; Ayyash et al., 2015). 

Membrane separation technologies and adsorption are the most common methods in paracetamol removal from wastewater. Ayyash 

et al., (2015) investigated the performance of membrane systems for wastewater treatment and paracetamol removal. Another 

attempt was done by Nadour et. al. (2019) regarding the removal of different compounds including paracetamol using a carbon-

polymeric membrane. Terzyk, A. P. (2002), have studied paracetamol adsorption at neutral pH. Cabrita (2010), studied the removal 

of analgesic compounds using activated carbons from urban residues. While Beninati (2008), studied the adsorption of Paracetamol 

using commercial activated carbons, Villaescusa (2011) studied the paracetamol removal by vegetable wastes. El-Rimawi, et al., 

(2018), studied the removal of Paracetamol as well as some selected pharmaceuticals micro-pollutants from aqueous solutions by 

using natural Jordanian Zeolite. While Velichkova (2017), studied heterogeneous Fenton oxidation for Paracetamol removal by the 

use of zeolite. Gypsum is mainly identified as a soft sulfate mineral that is composed of calcium sulfate Di-hydrate (Bello et al., 

2013; Cornelis and Cornelius, 1985). Gypsum was applied successfully and extensively for the removal of dye (Rauf et al, 2009), 

pharmaceutical drugs and heavy metals (Igwegbe et al, 2019). Gypsum represents a more advantageous, cheap, and readily 

available adsorbent due to its abundance in nature and it not requiring pretreatment as an adsorbent (Rauf et al., 2009).  
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A multitude of researchers successfully used calcined gypsum in wastewater treatment. Igwegbe et al, (2019) utilized it for the 

removal of Phenol. Al-Rawajfeh et al, (2018) successfully used calcined gypsum in the removal of Ibuprofen, while Al-Itawi 

(2019) utilized it for the removal of Fluoride from artificial wastewater.  

Paracetamol was previously found to be a retarder of crystallization of calcium sulfate hemihydrate (Plaster of Paris) (Alrawashdeh 

et al, 2014). This interaction with paracetamol takes place in the water when calcium and sulfate ions crystallize forming calcium 

dehydrates, where paracetamol in the solution will adsorb and ultimately incorporate in the crystallization process. The purpose of 

this work is to study the ability to use gypsum as a low-cost material for the removal of Paracetamol from wastewater. In addition 

to identifying the effects of mass of adsorbent (gypsum), contact time and solution temperature on the removal of Paracetamol 

under neutral pH conditions. Finally, the thermodynamics and kinetics of the adsorption process were investigated. 

 

1 Materials and Methods 
1.1 Materials 
 
The gypsum was produced from Jabal Mulaih, in Tafila, Southern part of Jordan (Alrawashdeh, et al, 2014), and it was supplied 

by Rawabi for Mining Co., a local mining company located near Tafila Technical University, it mainly consists of calcium sulfate 

dihydrate (CaSO4.2H2O), where it was crushed, milled and then calcined at 150-2000C. Paracetamol (99%) was obtained from Al-

Hikmah Co., Amman, Jordan. Paracetamol stocks were prepared by dissolving 100 mg of Paracetamol in 100 mL distilled water. 

This stock solution was then used in the preparation of synthetic wastewater samples with different concentrations. 

 

1.2 Adsorption Assays 
 
Batch sorption assays were conducted in a series of 500 mL glass beakers containing 250 mL of the Paracetamol solution. A 

predetermined amount of calcined gypsum depending on the assay was added to each one of the beakers. Experiments were 

conducted at an ambient temperature of 250C, and the desired temperature, with a stirring time of 5–25 minutes. Experiments were 

conducted at neutral pH because earlier studies show that paracetamol favors adsorption in natural pH (Ferreira et al, 2015; Bernal 

et al, 2017) After the completion of each assay, samples were filtered. The filtrate of Paracetamol solutions was then subjected to 

UV-visible analysis to determine the remaining concentration (SPECTRACOMP602; Advanced Products, Milan, Italy). A 

calibration curve of absorbance against different concentrations of Paracetamol was constructed. The samples of Paracetamol 

solutions had been analyzed by UV before and after treatment to determine the amount of Paracetamol removed.  

 

1.3 Calculations 
1.3.1 Paracetamol removal 
 
Batch Paracetamol removal was evaluated by accounting for its initial and final concentrations. Assuming that the only removal 

mechanism is through adsorption, Paracetamol removal is evaluated as: 

Removal (%) =
𝐶𝑜−𝐶𝑒

𝐶𝑜
× 100   (1) 

where Co is the initial concentration of Paracetamol (mg/l) and Ce is the equilibrium Paracetamol concentration (mg/l). Gypsum 

adsorbed Paracetamol is calculated by: 

 

𝑄𝑒 =
(𝐶𝑜−𝐶𝑒)𝑉

𝑚
             (2) 

where Qe is the gypsum adsorbed Paracetamol concentration (mg/g), V the sample volume (L), and m is the used gypsum mass (g). 

 

1.3.2 Adsorption Thermodynamics 
 
The different thermodynamic parameters of the adsorption process will be evaluated through the effect of temperature on the 

thermodynamic equilibrium constant (K), which is defined as follows: 

 

𝐾 =
𝑎𝑠

𝑎𝑒⁄ = (𝑣𝑠 × 𝑄𝑒) (𝑣𝑒 × 𝑐𝑒)⁄            (3) 

whereas is the activity of the adsorbed ion, ae is the activity of the in-solution ion at equilibrium, vs is the activity coefficient the 

adsorbed ion, and ve is the activity coefficient of the in-solution ion at equilibrium. The activity coefficients can be assumed to 

equal unity, as the in-solution ions concentration approaches zero. Eq. 3 can be simplified to: 

lim(𝑄𝑒→0) ⇒ 𝐾 =
𝑎𝑠

𝑎𝑒⁄ =
𝑄𝑒

𝑐𝑒⁄ =
𝑐𝑜 − 𝑐𝑒

𝑐𝑒⁄           (4) 
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The change in standard free energy of adsorption (∆𝐺0) is calculated by: 

 

∆𝐺0 = −𝑅 × 𝑇 × ln(𝐾)            (5) 

 

where R is the universal gas constant (8.314×10-3kJ/K) and T is the temperature (K). 

 

Change in Entropy (∆𝑆0) and Enthalpy (∆𝐻0) are evaluated through the Van’t Hoff equation:  

 

ln(𝐾) = ∆𝑆0 𝑅⁄ − ∆𝐻0 𝑅𝑇⁄            (6) 

 

Values of ∆H0 and ∆S0were obtained by fitting Equation 6 to values of ln(K) versus 1/T. 

 

1.3.3 Adsorption kinetics 
 
Adsorption kinetics describes the uptake rate of Paracetamol, which can describe the residence time of ions at the solid-liquid 

interface. The kinetics of adsorption depends mainly on: the sorbent surface area and the nature-concentration of the active sites 

responsible for the interaction with the targeted ions (Yuh-Shan, 2004). Additionally, Adsorption kinetic models are used to study 

the probable rate governing step. The kinetics of the adsorption of Paracetamol on gypsum was studied using the pseudo-second-

order, Elovich kinetic model, and Intra-particle diffusion model. 

The pseudo-second-order kinetics can be represented as follows (Ho, 2006): 

 
𝑡
𝑄(𝑡)⁄ = 1

𝐾2
⁄ + 𝑡

𝑄𝑒
⁄             (7) 

 

where t is the contact time (min), Q(t) is the adsorbed Paracetamol at time t (mg/g), K2 is the pseudo-second-order adsorption rate 

constant (g/mg.min). Values for the kinetic constant are evaluated by fitting dynamic adsorption data (t/Q(t) vs. t) to Eq. 7. 

The Elovich kinetic model is expressed as (Abdelkreem, 2013; Riahi et al,, 2017): 

 

𝑄(𝑡) = 𝑙𝑛(𝛼𝛽)/𝛽 + ln(𝑡)/𝛽           (8) 

 

where α is the initial adsorption rate (mg/g min) and β is a parameter related to the extent of surface coverage and the activation 

energy for chemisorption (g/mg). Values for α and β are evaluated by fitting dynamic adsorption data (Q(t) vs. t) to Eq. 8. 

The intra-particle diffusion equation can be written as (Reddy et al, 2012; Igwegbe et al, 2019): 

 

𝑄(𝑡) = 𝑘𝑃𝑖𝑡
1/2 + 𝑐𝑖            (9)   

 

where Ci is a constant that provides an idea regarding the thickness of the boundary layer (mg/g) and kPi is the intra-particle diffusion 

rate constant (mg/g.min1/2). Values for ci and kPi are evaluated by fitting dynamic adsorption data (Q(t) vs. t) to Eq. 9. 

 
 
2 Results and Discussion 
2.1 Effect of temperature on Paracetamol removal 
    

Figure 1 shows the Paracetamol removal percentage and the 

adsorbed amount by calcined gypsum at different operating 

temperatures. The influence of solution temperature on the removal 

of Paracetamol was investigated by varying the temperatures from 

20 to 500C. As shown in Fig. 1, the adsorption of Paracetamol on 

gypsum increased slightly with increasing temperature, where it 

varied between 56.8% and 59.9% between 20 and 500C, 

respectively.  Similarly, the amount of Paracetamol uptake by 

gypsum ranged between 34.1 and 35.9 (mg/g) between 20 and Fig .1 Paracetamol removal percentage and adsorbed amount at various 

temperatures after 5 min and with 1 gm of gypsum. 
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500C, respectively. These results indicate that at the conditions of this experiment, the increased temperature did not have any effect 

on the amount of Paracetamol removed by gypsum. 

 

2.2 Effect of gypsum dose on Paracetamol removal 
    

Figure 2 shows the Paracetamol 

removal percentage and 

adsorbed amount by calcined 

gypsum at different initial doses. 

Mass of gypsum was increased 

from 0.5 to 3 g, the percentage of 

Paracetamol removed on the 

adsorbent (gypsum) increased 

from 54.2% to 61.6 %. The 

increase in Paracetamol removal 

with increasing mass of gypsum 

is as a result of the increase in the 

number of adsorption sites and 

adsorbent surface area. The 

amount of Paracetamol per unit 

mass of the gypsum (Qe) 

decreased with increasing 

adsorbent loading from 65.1 to 12.3 (mg/g). This is due to not fully using the adsorption cites at a higher adsorbent loading (Radnia 

et al, 2012; Gorzin and Abadi, 2018). A smaller dose of adsorbent will be saturated more quickly than a larger one (Meniai, 2012). 

 

  

 

 

2.3 Effect of contact time on Paracetamol removal 
    

Figure 3 shows Paracetamol removal 

percentage and adsorbed amount by calcined 

gypsum at different contact times with 1 gm 

of gypsum at 200C. As seen in the figure, the 

maximum Paracetamol removal was 

obtained at the highest contact time studied 

(15 min). The removal rate ranged varied 

between 56.8% and 65.3% between 5 and 15 

min, respectively.  This can be explained by 

the fact that the frequency of collision of the 

adsorbing material increasing with retention 

time, which increased the process of 

adsorption (Ahmadi and Igwegbe, 2018; 

Benosmane et al,, 2018). Also, the adsorption 

sites were more available with time, resulting 

in the amount of Paracetamol per unit mass 

of the gypsum (Qe) increasing from 34.8 to 39.2 (mg/g). 

 

2.4 Adsorption thermodynamics 

 
Table 1 shows the different thermodynamic parameters for the adsorption process, and Figure 4 shows the Van’t Hoves plot for 

the system, and Figure 4 shows the Van’t Hoff plot for the adsorption of Paracetamol on calcined gypsum.  

 

 

Fig. 2 Paracetamol removal percentage at different initial gypsum dose after 5 min at 200C. 

Fig. 3 Paracetamol removal percentage at different contact times with 1 gm of gypsum at 200C. 
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Table 1 Thermodynamic properties for the adsorption of Paracetamol on calcined gypsum 

Temperature 

(oC) 

K 

(mol/L) 

G0 

(J/mol) 

H0 

(J/mol) 

S0 

(J/mol/K) 

20 1.315 -678.4 

3218.3± 542.3 13.3± 1.8 
30 1.414 -857.9 

40 1.447 -915.9 

50 1.494 -994.8 

 

As seen in Table 2, the negative value of G0 indicates the spontaneous 

nature of the adsorption of paracetamol on gypsum. However, values 

of G0 were found to be relatively small; less than 1 kJ and varied 

slightly at increasing temperatures. G0 for physical adsorption is 

between -20 and 0 kJ/mol (Babakhouya et al, 2010; Atkins et al, 2018), 

implying that the adsorption of Paracetamol on gypsum is a physical 

adsorption process. Positive value of ∆𝐻0 indicates the Paracetamol 

adsorption process is endothermic (Babakhouya et al, 2010; Adeogun 

and Balakrishnan, 2017), while the positive ∆𝑆0thevalue obtained 

indicate that the increase in the degree of disorderliness of the adsorbed 

species (AlOthman et al, 2014) and the affinity of the gypsum 

adsorbent for Paracetamol. This explains the lowered removal 

percentage calculated at higher temperatures. Moreover, due to a 

negative S0, the process of adsorption will increase disorder and 

randomness 

 

 

 

 

 

2.5 Adsorption kinetics 

 
Table 3 shows the kinetic parameters for the pseudo-second-order and the Elovich kinetic model fitted to the dynamic adsorption 

data. Figures 5A and 5B show the kinetic Paracetamol adsorption data fitted to the pseudo-second-order kinetic model and the 

Elovich model 

 

Table 3 Parameters for the pseudo-second-order and the Elovich kinetic models; values are presented as the best estimate ± standard error. 

 

Model Pseudo-Second order Elovich 

Parameters 
K2 = 36.61±2.06 (g/mg.min) 

Qe = 42.22±0.27 (mg/g) 

α = 1666.3±167.6 (mg/g.min) 

β = 0.218±0.031 (g/mg) 

R2 0.9967 0.961 

 

Fig 4. Van’t Hoff plot for the adsorption of Paracetamol on calcined 

gypsum. Straight line represents Eq. 8 in the form:𝑝𝐾 =
∆𝑆/8.314 − (∆𝐻/𝑇)/8.314 with an R2 value of 0.946. 
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Considering the values given in 

Table 2 for the regression 

coefficient, it is clear that with an R2 

value of 0.9967 that the adsorption 

kinetic data obeys the pseudo-

second-order model well. In 

contrast, the values of R2 for the 

Elovich model was 0.961, 

indicating that the pseudo-second-

order model better represents the 

adsorption behavior. This behavior 

of calcined gypsum, when used as 

adsorbent, was reported by Igwegbe 

and colleagues (Igwegbe et al, 

2019) in the adsorption of Phenol. 

 

Table 4 Parameters for the Intra-Particle Diffusion kinetic model, as single and two stages; values are presented as best estimate ± standard error. 

Intra-particle Diffusion Single Stage Two Stages 

Parameters 
kPi= 3.01±0.62(mg/g min0.5) 

ci =27.95±1.91 (mg/g) 

Stage 1 

kPi= 4.234±0.68 (mg/g min0.5) 

ci = 24.78±1.87 (mg/g) 

Stage 2 

kPi= 2.076±0.33 (mg/g min0.5) 

ci = 31.18±1.08 (mg/g) 

R2 0.921 0.975 0.976 

 

 

 

For the Intra-Particle Diffusion Model Table 4 shows the kinetic parameters for the dynamic adsorption data fitted to the model as 

a single-stage and a two-stage process. 

Figures 6A and 6B show the kinetic 

parameters for both scenarios. Fitting 

the data to a single-stage process 

resulted in a lower R2 value (0.921) 

compared to a two-stage process 

(0.975 and 0.976). This indicates that 

indeed the removal of paracetamol by 

calcined gypsum is a two-stage 

process. The first stage in the intra-

particle diffusion model can be 

attributed to instantaneous adsorption 

onto the outer surface, while the second 

stage represents gradual adsorption 

taking place where the adsorbate 

travels within the pores of the 

adsorbent (Hameed et al, 2008). As 

seen in Table 4, the initial instant 

adsorption stage had a higher kPi 

(4.234±0.68 vs. 2.076±0.33 (mg/g 

min0.5)), and a lower ci (24.78±1.87 vs. 

31.18±1.08 (mg/g)), indicating a faster rate and a smaller thickness of the boundary layer in the first stage. 

One final observation could be made after examining Figure 6, in the intra-particle diffusion model plot, the line between the data 

points did not pass through the origin point, which may indicate that the intra-particle diffusion is not the only rate-limiting step in 

paracetamol adsorption (Ma et al, 2013). This additional step can be attributed to nature by which paracetamol interacts with 

calcined gypsum (i.e. inclusion in the re-crystallization process) (Alrawashdeh et al, 2014). 

 

Fig 5. Kinetic Paracetamol adsorption data fitted to pseudo-second order kinetic model, and the Elovich 

model; lines represent the fitted model and points represent the data. 
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Fig. 6 Kinetic Paracetamol adsorption data fitted to the Intra-Particle Diffusion model as a single and two 

stages; lines represent the fitted model and points represent the data. 
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Conclusions 
 
The potential and ability of calcined gypsum in removing paracetamol from aqueous solutions were investigated. Effects of calcined 

gypsum mass, contact time and solution temperature on the adsorption process were studied. Calcined gypsum was found to be 

able to remove paracetamol, via adsorption, from aqueous solutions at neutral pH conditions. The increased temperature had a 

minor effect on the removal of paracetamol while increasing the initial calcined gypsum dose and contact time increased the 

removal of paracetamol.  

The adsorption process was found to be spontaneous and endothermic, evident by the thermodynamic parameters, and more likely 

is a physical adsorption process. Kinetically, the adsorption of paracetamol by calcined gypsum was found to be best represented 

by the Pseudo-Second order model, followed by the Elovich kinetic model. Finally, the Intra-particle diffusion model analysis 

indicated that the removal process mainly consists of two stages. Also, it could be deduced from the kinetic behavior of paracetamol 

adsorption that the recrystallization process can be another rate-limiting step in the process. 

 

 

Nomenclature 

Symbols 

 
C0 =Initial concentration of paracetamol   [mg/l] 
Ce =Equilibrium concentration of paracetamol   [mg/l] 

Ci =Constant in the intra-particle diffusion equation model  [mg/g] 

t =Time      [min] 
Qe =Gypsum adsorbed concentration of paracetamol   [mg/g] 

Q(t) =Gypsum adsorbed concentration of paracetamol at time t  [mg/g] 
V =Sample volume     [l] 

m =Gypsum mass      [g] 

K =Thermodynamic equilibrium constant   [mo/l] 
K2 =Pseudo second order adsorption rate     [g/mg.min] 

kpi =Rate constant in the intra-particle diffusion equation model [g/mg.min1/2] 

as =activity of the adsorbed ion    [-] 

ae =activity of  the in-solution ion at equilibrium   [-] 

vs =activity coefficient of the adsorbed ion    [-] 

ve =activity coefficient of  the in-solution ion at equilibrium   [-] 
R =The universal gas constant     [kJ/K] 

T =The temperature       [K] 

∆G0 =Change in standard free energy     [J/mol] 
∆H0 =Change in enthalpy     [J/mol] 

∆S0 =Change in ntropy      [J/mol.K] 

Greek letters 
α =First parameter in the Elovich kinetic mode   [mg/g.min] 
β =Second parameter in the Elovich kinetic mode   [g/mg] 
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