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Abstract 

In this work, locally and natural porcelanite rock (PC) investigated as an adsorbent media for 
Ciprofloxacin (CIP) removal from aqueous solutions in batch and continuous fluidized bed 
column. Using different techniques including FTIR, and XRD, SEM, and BET porcelain rock 
characterizations were performed. pH, contact time, initial antibiotic concentration, dosage, and 
particles size has been investigated in the batch mode system. FTIR analysis shows that the main 
function group of PC responsible for the adsorption mechanism was silanol-OH and Si-OH-Si. 
XRD analysis revealed that PC compound is mostly quartz. Surface morphology shows a wide 
variety of intragranular pores relatively to the high porosity of PC also, indicating high surface 
areas. PC have suitable surface area of 6.8402 m²/g, volume of Pore of 0.015319 (cm³/g), and 
Average pore diameter of 9.8129 (nm). In batch system mode the optimal parameters were; pH = 
5. PC dose = 0.02 g/ml, particles size = 425 μm, and 120 min detention time. The removal 
efficiencies of CIP increased dramatically as the starting concentration increased and the best 
removal percent was 93.36% at 90 mg/l. Thermodynamic study state that there is no significant 
effect of temperature on the CIP adsorption. The negative value of ΔG represent the viability and 
spontaneity of adsorption process. Positive value of ΔH and ΔS indicated that the endothermic 
adsorption nature, and perfect affinity of adsorbate to adsorbent. Isotherm study state that the 
maximum adsorption capacity of CIP onto PC is 20.20977 mg/g. RL value (0˂RL˂1) state the 
adsorption is favorable process. Freundlich intensity (n˃1) suggested that the adsorption is 
preferential. Langmuir Model is the more fitted model that has the largest value of R2 of (0.98539). 
Second-order is the more fitted kinetic model to describe the adsorption behaver.  

Keywords: Adsorption · porcelanite rock · Ciprofloxacin · Isotherm· Kinetic.  
 

1. Introduction 
Although the many benefits of pharmaceuticals and higher consumption in human and 

veterinary medicine and so forth, the release of the effluents containing these compounds from 
different sources has caused the accumulation of these materials and their residuals, especially 
antibiotics and their metabolites; this a major challenge to the public health and environmental [1]. 
The studies point out the continuous introduction to sewage waters of these compounds along with 
their metabolites and the inefficiency of many conventional wastewater treatment plants (WWTPs) 
in their removal [2, 3]. This antibiotic is very harmful to the environment because of its high 
solubility at different pHs and high stability [4]. This matter has been detected at the low ng/l level 
in rivers and lakes to 50 grams in the effluents of pharmaceutical factories [3, 5].Conventional 
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methods have their own limitations in treating pharmaceutical wastewaters containing a wide 
range of solvents and toxic materials [1]. One of the largest groups of antibiotics which have strong 
chemical stability and consequently are not fully metabolized in the body is Fluoroquinolones 
(FQs). FQs are excreted in urine and animal excrement and eventually discharged into wastewater 
treatment plants (WWTPs). FQs revealed toxic effects on microbial activity thus they are often 
poorly biodegradable in biological treatment systems [6]. 

Ciprofloxacin (CIP) as the second generation of fluoroquinolones (FQs) is a synthetic 
antibiotic and has been widely used for the treatment of bacterial infectious disease in humans and 
animals. The lake of appropriate treatment systems in conventional wastewater treatment plant of 
drug manufacturers and hospitals and on the other hand unsuitable disposal of unused or expired 
CIP and incomplete metabolization of it in humans severely result in increasing the CIP 
contamination of surface water in the last decade [7]. Literature surveys revealed that many 
research groups focused on developing an efficient and economical procedure for CIP 
contamination removal from drinking water supply and wastewaters before releasing them into the 
environment. Since CIP is resistant to microbial metabolism, it cannot be efficiently degraded by 
means of biological treatment processes [8].They can cause microbial resistance among pathogen 
species or the death of microorganisms that are  successful in wastewater treatment when 
antibiotics enter wastewater and drinking water [9]. The elimination of antibiotics from wastewater 
or drinking water is important. It is necessary and right to extract antibiotics from infected water 
before releasing them into the environment, but it's fairly costly.  
    There are many techniques applied to remove antibiotics from aqueous solution, such as: the 
ion exchange [10], advanced oxidation process [11] , adsorption [12] ,  photodegradation [13] , 
biodegradation [14] and electrocoagulation [15]. Among these techniques presented, Adsorption 
is an effective technique used widely to treat low antibiotic concentration. The adsorption process 
is one of the most efficient methods of removing pollutants from wastewater. Also, the adsorption 
process provides an attractive alternative treatment, especially if the adsorbent is inexpensive and 
readily available [16, 17]. Activated carbon is the most widely used adsorbent for the removal of 
pollutants from effluents because it has a high capacity for organic matter, but its use is limited 
due to its high cost. This cost problem has led to a search for the use of alternate cheap and efficient 
materials [18]. However, the adsorption capacity of the adsorbents is not very large; to improve 
adsorption performance new adsorbents are still under development. For the adsorption process to 
be integrated in terms of removal efficiency and economic feasibility, the adsorbent should be 
chosen with great care [19]. Several studies have evaluated natural materials as an adsorbent 
medium, such as rocks or clays, so this research aims to experiment with a natural porcelain stone 
as a low-cost adsorbent. The method of adsorption is typically performed in batch and continuous 
systems. The batch process offers useful knowledge of the best Operational conditions that will be 
functional in the continuous system.  
2. Materials and Methods 
2.1 Adsorbents 
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         The material that were utilized as adsorbent is a Porcelanite rock (PC) which is a natural 
sorbent have been brought from the Iraqi Ministry of Industry, Geological Survey Department. PC 
was broken manually and washed by distilled water and let it to dry completely then it sieved to a 
different particle size range (425, 600,1180,1700,2360, and 4750µm) as shown in fig 1.  

Table 1 : Chemical Characteristics of Sorbent (State Company of Geological Survey and 
Mining, Mining Centre). 

Sample no. CaO% Si𝟎𝟐% A𝒍𝟐𝑶𝟑% F𝒆𝟐𝑶𝟑% MgO% 

Porcelanite 11.55 62.02 2.71 0.87 2.7 
 

                  
                        a                                                                       b 

Figure 1 : Porcelanite rock Before (a) and After Cracking (b). 
2.1 Adsorbate       
    Ciprofloxacin(C17H18FN3O3, solubility in water 36 mg mL−1 at 25°C, molecular weight 
331.35 g mol−1, wavelength 272 nm, purity ≥98%). Ciprofloxacin (CIP) were used in this study 
as adsorbate material which is among the most common antibiotics using in many different 
purpose. CIP was collected locally from pharmacies since it is the final discarded to environment. 
Stock solution of ciprofloxacin was prepared by dissolving an appropriate quantity of powdered 
antibiotic in 1 L of distilled water (Due to the instability in the laboratory conditions) the stock and 
diluted solutions were prepared at the time of the experimental work. The pH value of solutions 
was controlled during the experiments by drop wise addition of 0.1 M NaOH or HCl. 
2.3 Instruments and Measuring Devices 
Spectrophotometer (advanced microprocessor UV-VIS spectrophotometer single beam LI-295): 
used to measure the concentrations of soluble (ciprofloxacin solution).the characteristic 
wavelength used 270 nm. PH Meter (WTW, Bench model, German): for measuring the pH of the 
solution samples. Shaker Incubator ((Edmund Buhler SM25, German): has shaking speed changed 
from 50 to 300 rpm. FTIR Fourier Transform Infrared Spectroscopy (IRAFFINITY-
1,SHIMADZU). SEM Scanning Electron Microscopy use (NOVASEM, FEL450L) analysis under 
10 KV voltage and a 6-mA flux. XRD (X-Ray Diffractometer) 2700AB HAOYUAN co., China. 
Electrical Balance (type: Sartorius) Digital Indicator with capacity (210 g) was used for weighting 
the materials. 
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3. Batch Experiments 
Adsorption Experiments 
        Case a known weight of ciprofloxacin (CIP) were added to conical flask of 250 ml volume. 
The PH of solution was adjusted to preferred value by adding 0.1M of (NaOH or HCl). A known 
weight of sorbent was added to flask, after that the flask were put in shaker and agitated continually 
in 300 rpm at 25oC temperature and for desired time, after test, the samples were withdrawn and 
filtered by qualitative filter paper(rate of percolation: medium, model 102). The spectrophotometer 
to measure the effluent concentration. Removal efficiency was estimated by the following equation 
[7]. 
Removal % = [(𝐶𝑜 − 𝐶𝑒)/𝐶 ] ∗ 100                                            (1) 
      Where: 
Co: the initial concentration of CIP, ppm. Ce: the effluent concentration of CIP at any time, ppm. 
The rang of all parameters which used in the batch experiments are listed in table 2 . 

Table 2 : Batch experiment parameters and it is range. 
batch Experiment Parameters Ranges 

pH 2, 3, 4, 5,6,7,8 and 10 
Initial concentration 10, 30, 50, 70 and 90 

Particle size(µm) 425,600,1180,1700,2360, and 4750 

Dosage(g/ml) 0.001, 0.002, 0.004,0.006,0.008,0.01,0.02 and 0.03 

Time(min) 10-200 

Shaking speed (rpm) Constant  at 200  

 
4. Results and Discussion 
4. 1 Adsorbent Characteristics  

4.1.1 FT-IR Analysis of Adsorbent 

FTIR analysis of PC was performed in order to identify the processes that lead to CIP adsorption. 
The spectra of untreated and treated PC samples are shown in Figure (2.a). The broad band identified at 
3667.47- 2918.00 cm-1 can be assigned to the O-H group [20] . The band at 1650.45 cm-1 could be 
attributed to the deformation of water molecules (H2O). A less strong band, caused by the bending of H-
O-H, has been seen at 1650.45  cm-1 [21] . Calcite can be recognized in the present samples of PC due to 
doubly degenerate asymmetric stretching vibration at a wavenumber of 1392.17  cm−1 and C=O stretching 
at 512.88  cm−1 [22] . The FT-IR spectra shows existence of the terminal silanol-OH and to the bright Si-
OH-Si this might have influence on the adsorption process. the characteristics peaks show Si-O groups at 
558.97 cm-1 and CO3 at 1456.14 cm-1 [23] . The band at 1167.10 cm-1 that appear as strong band can be 
assigned to the symmetric (Si-O-Si) or asymmetric (Si-O-Si) stretching vibrations [24] . The bands at 
781.11 cm-1 are characteristic of Quartz and those at 468.74 cm-1 can be attributed to Si-O-Si bending 
vibrations [24] . The sharp bands near 455 cm-1 define the Si–OH stretches. The Peak displacement 
increasing after adsorption (figure 2.b) define the change in the structure with CIP imply the related 
functional groups to be responsible for the adsorption process. The results show that the bands of silanol-
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OH and Si-OH-Si groups shifted to upper displacement and therefore it plays the major role in adsorption 
process. The bands of functional groups shifted to upper wavenumber with a total amount of 1167.8, 780, 
552.2, and 468.61 cm-1 for PC loaded with TTC.  

    
  Figure 2 a : FTIR Analysis of Raw PC adsorbent.  

 
   Figure 2 b : FTIR Analysis of PC adsorbent after adsorption.  

4.1.2 XRD analysis of adsorbent  

X-ray diffraction( XRD) is a technique for analyzing the atomic or molecular structure of 
materials. It is non-destructive and works most effectively with materials that are wholly, or part, 
crystalline. The X-ray diffraction test results of PC rocks give data in the form of 2θ diffraction 
angle and intensity as shown in Fig (3.a). The diffraction pattern shows the existence of 15 
diffraction peaks. The main peaks were at the position of (2θ) 20.7, 26.5, 36.5, 39.4, 50, 68, and 
75.64. The X-ray diffraction (XRD) pattern confirms the presence of many compounds in the 
chemical composition of sand. The mainly compound is quartz with a chemical formula SiO2. As 
shows in figure (3.b), there's no obvious difference between the result of the raw and adsorbent 
XRD tests. That means there was no change in the chemical composition of PC, suggested that 
physical adsorption is the control of the removal process.  
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Figure 3.a : XRD Pattern of Raw PC adsorbent  

 

Figure 3.b : XRD Pattern of PC adsorbent after adsorption. 

4.1.3 SEM Analysis of Surface Morphology  

Scanning electron microscope (SEM) is a type of electron microscope that produces images 
of a sample by scanning the surface with a focused beam of electrons. To understand more about 
the surface morphology, microstructures and crystalline phases of PC, SEM analysis were 
subjected before and after the adsorption process. SEM investigation of PC shows a wide variety 
of irregular sizes and shapes of grains as showed in figure (4.a). There is also a wide variety of 
size and shape of intergranular pores. The comparatively high porosity of these PC is attributed to 
the combination of irregular size and shape of grains and the high amount of intergranular porosity 
also, indicating high surface areas. Noted that the surface shape after adsorption is more uniform 
and consistent compared to raw PC this may be due to the contaminants that filled these holes and 
grooves as showed in figure (4.b). 
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Surface area of any adsorbent is detected by Brunauer–Emmett–Teller (BET) method. The 
result show that the PC have suitable surface area of 21.63m²/g. The Berrett-Joyner-Halenda 
(BJH) technique accustomed to limit the pore size distribution. For raw PC, the volume of pore 
was 0.072 (cm³/g), also the Average pore diameter of 8.96 (nm).  

 

Figure 4.a : Surface Morphology of Raw PC adsorbent   

 

                  Figure 4.b : Surface Morphology of PC adsorbent after adsorption  
 4.1.4 EDS Analysis of Adsorbent 

Energy-dispersive X-ray spectroscopy (EDS) is an analytical technique used for the 
elemental analysis or chemical characterization of a sample. It relies on an interaction of some 
source of X-ray excitation and a sample. Elemental analysis for the PC before and after adsorption 
were carried out by EDS. The EDS analysis figs (5.a & 5.b ) shows the existence of several 
elements in the adsorbent surface before and after adsorption: Oxygen (32%), Silicon (54.13%), 
Magnesium (7.56%), Phosphorus (1.94%), and S (11.93%). After adsorption there are various 
elements were appeared in EDS analysis: Carbon (5.09 %), Oxygen (32.75%), Silicon (53.5%), 
Magnesium (1.6%), Phosphorus (2.8%), S (11.93%), and Al (1.67%). The Carbon appearance may 
be due to the organic composition of CIP molecules that loaded on PC surface. In contrast, the 
high ratio of Si before and after adsorption made the EDS analysis compatible with the FTIR (The 
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major functional groups present in the samples were Si-O-Si groups) and XRD (The mainly 
compound is quartz with a chemical formula SiO2). 

 

Figure 5.a : EDS analysis of Raw PC adsorbent.  

 

                                 Figure 5.b : EDS analysis of PC adsorbent after adsorption.            
4.2 Batch mode experiment 

4.2.1 Effect of pH 

To achieve the optimal removal efficiencies, solutions at different pH values between 2 and 10 
were examined for the impact of pH. By combining the appropriate amount of adsorbent (0.02 g/ml), 
it was possible to determine how pH affected the adsorption of CIP with 50 mg/l. Generally, the pH 
values determine the effectively any pollutant removal from aqueous solution in adsorption process 
[25] .Hydrogen ions concentration in solution is a vital consideration for the adsorption process. 
Ionization degree of the adsorbent and adsorbate are both influenced by pH, which also replaces a 
number of the positive ions found in the active sites [26, 27] . Point of zero charge (pzc) represent 
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the pH value at which the total net charge of absorbent's surface equal to zero. Consequently, at pH 
values are lower than pHpzc, the adsorbent's surface charge is positive, and vice versa [27] . Due to 
electrostatic repulsion, the cations adsorption, is favorite when pH > pHpzc, whereas the anions 
adsorption is favored at pH pHpzc [28] . So as, the detection of pH value at which the adsorbent 
surface being neutral charge is significant choice (Figure 6.a). According to analysis, the pHpzc of 
the PC was determined to be 7.2 where the PC behaves as neutral surface. It was observed that CIP 
adsorption increased from 59.9 % to 91.2% when the pH solution increased from 2 to 5 after that the 
adsorption percent gradually reduced to 96 % at a solution pH of 10. The adsorption of the negative 
charge of CIP is favored at pH < pHpzc because high electrostatic attraction exists between the 
positively charged surface of the adsorbent and pollutant reported a high removal percent. At pH 
lower than 7.2 the adsorbent surface protonated and the adsorbent surface becomes positively charge, 
thus the electrical attraction take place between the PC and the negatively charge groups of CIP. The 
optimum CIP capacity was obtained when the pH is around 5 as displayed in figure (6.b). This 
observation could be attributed to a strong electrostatic force of attraction between positively charged 
adsorbed surface and CIP ions in acidic media. Reducing in adsorption onto PC surface at higher 
than pH 5 resulted from the repulsion between molecules of adsorbate and PC surface that being 
negatively charged in alkaline media. 

 

Figure 6.a : zero charge point of Porcelanite Rocks. 
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Figure 6.b : Effect of pH on CIP removal efficiency; Co=50 mg/l, particle size= 424 μm, 
T=25 Co, dosage= 0.02g/ ml, and t= 120 min and rpm 300. 

4.2.2 Effect of Dosage   

Adsorbent dose is an important parameter because it determines the capacity of the sorbent for 
a given initial concentration of the adsorbate [28] . Fig (7) shows the relationship between PC 
adsorbent dose and removal efficiency with contact time. The experiment results revealed that the 
removal efficiency of CIP increased from 17.04 % to 92.2 % as the PC adsorbent dose increase from 
0.001 to 0.05 g/ml due to the availability of more binding sites on the adsorbent surface, after this 
point the adsorption tend to be steady state process. The non-significant rate of elimination may be 
due to adsorption sites overlapping or aggregating that Result decreasing in the total adsorbent 
surface area [29] . Therefore, 0.02 g/ml was selected as the optimum dose because it gives a suitable 
removal by the consumption of a fit amount of PC.  

 
Figure 7 : Effect of dosage on CIP removal efficiency; Co=50 mg/l, particle size= 424 μm, 

T=25 Co, pH= 5, time= 120 min and rpm 300. 
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4.2.3 Effect of Particles Size 

        Surface area of the sorbent is an important parameter for sorption [29] . Fig 8 shows the 
relationship between the particle size of the sorbent and antibiotic removal efficiency. The results 
show that the removal efficiency, decreased with the increased in particle size from 425 to 4750 μm 
from 91.2 % to 50.56 %. This is recognized to the fact that smaller particle sizes give larger surface 
areas which allow rapid adsorption. Mass transfer diffusion resistance is larger for large particles as 
a smaller size lets very fast removal kinetics if the adsorption is to be mainly a surface phenomenon 
[29] .  

 

Figure 8 : Effect of particle size on CIP removal efficiency; Co=50 mg/l, pH= 5, T=25 
Co, dosage= 0.02g/ml, time= 120 min and rpm 300. 

 

4.2.4 Effect of time and Initial Concentration  

          The PC’s adsorption ability was investigated by varying the contact time from 10 to 200 min. 
The results show that the adsorption for 10 min was rather fast and reached the state of equilibrium 
at above 80 min. after this point, the adsorption process tends to be roughly constant for removal 
percent. The removal percentage has increased from 77.7% to 80. 3% as the time increased from 80 
to 200 min for an initial concentration of 10mg/l. While increased from 91.07% to 91. 86% for an 
initial concentration of 50mg/l and increased from 91.12% to 92.82% for an initial concentration of 
90mg/l. Therefore, results indicated that 80 min was the best time for the adsorption of CIP onto the 
PC. 

        The effect of the CIP initial concentrations of (10, 30, 50, 70, and 90) mg/l on the removal 
percent of CIP onto PC was examined. The removal efficiencies of CIP increased dramatically as 
the initial concentration increased as shown in Fig 9 . After 10 min, the removal percent increased 
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from 50 to 85.23% as the initial concentration increased from 10 to 90 mg/l. Also after 80 min, 
removal percent increased from 77.7 to 91.12% when the concentration increased from 10 to 90 mg/l 
and increased from 80.3 to 92.86% after 200min with increasing the concentration from 10 to 90 
mg/l. This was caused by the high concentration gradients that this has emerged at the greater 
adsorption, increase initial concentration gives a high driving force to transport the CIP molecules 
from the solution to the adsorbent surface [30 ,31].    

 

Figure 9 : Effect of Initial Concentration on CIP removal efficiency; Co (10-90) mg/l, particle 
size (424) μm, Temp. (25) oC, dosage (0.02) g/ml, pH 5, time(10-200)min. and rpm 300. 

4.3 Thermodynamic study  

        The parameters of thermodynamic change of standard Gibbs free energy (ΔGº), 
enthalpy (ΔHº) and entropy (ΔSº) were calculated using the following equations [12]: 

        ∆𝐺° = −𝑅𝑇 ln 𝐾𝑐                                                                         (2) 

        ∆𝐺° = ∆𝐻° − 𝑇∆𝑆°                                                                      (3) 
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∆ °

−
∆ °

                                                                       (4) 

        𝐾 =                                                                                             (5)                           

Where: ΔHº enthalpy change (kJ/mol), ΔSº entropy change (kJ/mol.K), ΔGº is a free 
energy change (kJ/mol); (R is 8.314 J/mol K), T the temperature in kilven(k), Kc  (L g-1) the 
equilibrium constants(L g-1)  , ΔSº values in the adsorption process which are dogged from the 
intercept and slope of the plot of ln(Kc) versus 1/T, respectively [19]. The Gibbs free energy shows 
that the degree of feasibility and spontaneity of the adsorption procedure. Reactions occur 
spontaneously at a given temperature if ∆G° is a negative quantity. Where the negative values 
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redirect a more energetically favorable adsorption process. ΔGº decrease with T increasing 
indicated the endothermic adsorption process and it is chosen with temperature increasing, the 
opposed situation (ΔGº increase with T increase) clarified that the exothermic adsorption process 
and so favored besides temperature decreasing [19]. Temperature is a significance parameter on 
sorption process. The higher temperature contributes to an increase in the rate of diffusion of 
adsorbed molecules through the outer boundary layer and the internal pores of the adsorbent 
particles. The temperature effect on the removal efficiency of the antibiotic studied has been 
investigated at temperature range of (25-45ºC). Fig 10 shows the change of removal efficiency of 
antibiotic with respect to varying temperature values. It was noticed that there is no significant 
effect of temperature on the removal efficiency. Removal percent increase slightly from 91.074 % 
to 92.28% as the solution temperature increases from 25 to 45oC with condition of (Co (50) mg/l, 
particle size (424) μm, time (80) min and dosage (0.02) g/ml). The findings revealed that CIP 
adsorption is endothermic. In boating enough energy, the number of molecules is increased to 
undergo interaction with active site on the surface [32] .  

The thermodynamic parameters measured are Gibbs free energy ΔG, enthalpy ΔH, entropy 
ΔS. The negative value of ΔG is an example of the viability and spontaneity of the adsorption 
process. Positive value of ΔH indicated that the nature of process is endothermic, while the positive 
ΔS confirm the perfect affinity of adsorbate to adsorbent  [33] .  

 
Figure 10 : Effect of temperature on CIP removal efficiency; Co(50 )mg/l, particle size( 

424 )μm, Temp.(25 )oC, dosage( 0.02)g/ml, time of  80 min and rpm 300. 
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Figure 11 : Relationship between lnKd vs. 1/T for thermodynamic constants 

determination for CIP removal efficiency; Co=70 mg/l, particle size= 424 μm, T=25 oC, 
dosage= 0.02g/l, t= 120 min and rpm 300. 

 
Table 5 : Thermodynamic parameters of CIP adsorption onto PC 

1/T Kc Ln (Kc) ΔG(kj/mol) ΔH(kj/mol) ΔS(kj/mol) R2 
       

0.003356 2.338303 0.849426 -2.10451290 5.63622688 0.03839904 0.9818 
0.003247 2.428837 0.887413 -2.27240791    

0.003145 2.481013 0.908667 -2.40238099    

  

4.4 Isotherm Study 

       The well-known expression of the Langmuir model is given by Eq. (6) [19]: 

𝑞 =
 

                                                                                  (6)   

Where, Ce, qe, qm, and 𝑏  are the concentrations of reactive dyes at equilibrium (mg L-1), the 
capacity of adsorption at equilibrium (mg g-1), the maximum capacity of adsorption (mg g-1) 
related to the Langmuir equilibrium constant, and shows quantitatively the convergence between 
CIP PC (L mg-1), respectively. The Langmuir isotherm may be insufficient to fully explain the 
equilibrium form of heterogeneous adsorption mechanisms forming in single-layer adsorption. 
The basic characteristic of the Langmuir equation may be stated as the dimensionless 
differentiation factor (RL) was used. RL is a dimensionless constant, shown in Eq. (7) [12]. 

  𝑅 =                                                                               (7) 
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Here C0 (mg/L) is initial dye concentration. If RL is larger than 1, the adsorption process is 
unfavorable, if it is equal to 1 it is linear and if it has a value between 0 and 1 it is favorable (occurs 
spontaneously) and if it is 0 it is irreversible [16]. 

The Freundlich isotherm describes equilibrium on heterogeneous surfaces and hence does 
not assume monolayer capacity. Freundlich can be used for a broader range of pollutant 
concentrations and acceptable theoretical data requirements with experimental data calculated. It 
has been used in the current study. The isotherm is described by the following equations[8]:  

 𝑞 = 𝐾 𝐶
/                                                                            (8) 

Where kf and n are Freundlich constants and were calculated from the slope and intercept 
of the Freundlich plots. It has been shown that n values between 1 and 10 represent good 
adsorption potential of the adsorbent [14]. 

   The models of adsorption isotherm are followed to define the distribution of the adsorbate among 
the adsorbent surface . A set of isotherm model assumptions are made in relation to the heterogeneity 
or homogeneity, coverages, and possibility of interaction. Langmuir isotherm and Freundlich 
Isotherm were examined for the equilibrium data to describe how the adsorbate molecules interaction 
with adsorbent surface. Also, to gives a comprehensive understanding of nature of interaction as 
showed in figure 12 . Table 6  shows the parameters values of the models with the correlation 
coefficient (R2); qmax represent the maximum uptake of pollutant under a given condition, b a 
constant that represent the affinity between the sorbent and sorbate.  K, and n are Freundlich 
constants which associated with the maximum adsorption capacity and intensity of adsorption 
respectively. The maximum adsorption capacity of CIP onto PC is 20.21 mg/g state that the prepared 
PC has a higher capacity of CIP adsorption. From the value of RL (0˂RL˂1) which is mean the 
adsorption is favorable process. Also independent on the value of n (i.e., Freundlich intensity) (n˃1) 
know that the adsorption is preferential. Langmuir Model is the more fitted model that has the largest 
value of R2 in the experiments works as show in table 6 . From the results of the maximum adsorption 
value, the porcelanite appeared good adsorbent for adsorption of CIP from aqueous solution in 
comparison with other adsorbents as shown in table 7. 
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Figure 12 : Isotherm models for sorption of CIP onto PC 

Table 6 : parameters values of the Isotherm models 

Model Parameters Values  

Freundlich Model fK 
n 

R2 
1/n 

0.564961 
1.39016 
0.9717 

0.71935 

Langmuir Model maxq 
Kl 
R2 
RL 

20.20977 
0.017676 
0.985397 
0.530838 

 

Table 7. maximum adsorption capacity of CIP onto different adsorbents. 

Adsorbate     Adsorbent Max.Adsorpti
on 

Capacity qm 
(mg/g) 

  Ref. 

CIP Activated carbon 
derived from pomegranate 

peel wastes 

2.353 Elhussien et 
al.,2017[124] 
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CIP groundnut (Arachis 
hypogaea) shell powder 
and ZnO nanoparticles 

8.07 Dhiman and 
Sharma,2018[125] 

CIP Fe3O4 
nanoparticles 

3.46 Khoshnamv et 
al.,2017[127] 

CIP Rice Husk 3.984 Ata et al(2022) 
 

CIP Humic 
acid/cellulose 

10.86 . Wang L,(2020) 

CIP water hyacinth 
biochar 

2.717 Ngeno,E,C(2016)

CIP ZnO nanoparticles 0.160 Dhiman,N.(2019)

CIP Porcilanite(PC) 20.21 This work 

 

4.5 Kinetic Study 

       In order to examine the controlling mechanism and dynamics of the CIP and RR195 
dyes adsorption process, the Lagergren pseudo-first-order, the pseudo-second-order and 
intraparticle diffusion [12] kinetic models were applied to experimental data.  

The pseudo-first-order model is presented by the following equation[12]: 

𝑙𝑛(𝑞  −  𝑞  )  =  𝑙𝑛 𝑞  − 𝑘 𝑡                                                 (9) 

The plot of 𝑙𝑛(𝑞𝑒 − 𝑞𝑡) against t provides a linear relationship from which k1, constant of 
pseudo-first-order adsorption (min−1) (Fig.13) and qe, adsorption capacity at equilibrium (mg g−1) 
are determined from the slope and intercept of the plot, respectively, given that qt is the adsorption 
capacity at time t (mg g−1).  

The pseudo-second-order kinetic rate equation is expressed as [6,12] 

=
 

+ 𝑡                                                                             (10) 

Where k2 (g/mg min) is the rate constant of pseudo-second-order adsorption and q2 is the 
equilibrium adsorption capacity (mg g−1). Values of k2 and q2 were calculated from a plot of t/qt 
against t (Fig. 14). 

  Adsorption has recently experienced extensive research as a practical way to remove a variety of 
hazardous substances from aqueous solutions, such as dyes and heavy metals [34, 35]. The majority 
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of adsorption research has focused mainly on kinetic processes. The kinetic data analysis is important 
for the adsorption process because its show way of adsorbate uptake rate, which controls the resident 
time in the adsorbent [35]. The percentage at which pollutants are take out from the aqueous solution 
is called adsorption kinetics. Also, the kinetics analysis is important to evaluate the effectiveness of 
adsorption and to explain by which process the adsorption phenomena is takes place, as well as, deliver 
dynamic evidence for the time required to reach equilibrium, the adsorption rate, and limiting step of 
the adsorption rate. If the adsorbent is targeted for use in facilities of wastewater treatment; a high 
adsorption rate is necessarily characteristic in addition to its adsorption ability and the removal 
efficiency [36]. 

       The kinetics study of CIP adsorption was examined by pseudo first-order, pseudo second-order, 
and intra-particle diffusion model were using figures 13  and 14. The calculated parameter values were 
obtained by using these models in accordance with Eqs (6,7) are tabulated in Tables 8 . The most 
advantageous model is identified by comparing R2 for each applied model and the accuracy between 
the calculated and experimental qe values . These kinetic model parameters were determined using 
nonlinear regression in Microsoft excel 2016. The higher values of R2 and the values of theoretical qe 
which are near to the experimental qe, indicated that the second-order model is appropriate to 
adsorption behaver of CIP. Furthermore, the C values were greater than zero confirming that 
adsorption process rate limiting contribute to the diffusion of the boundary layer, not intra-particular 
diffusion [37, 38]. 

 

Figure 13: Pseudo-first-order for CIP onto PC 
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Figure 14 : Pseudo-second-order for CIP onto PC  

Table 8 : parameters values of the Kinetic models 

Model Parameters Values 

Pseudo- first order K1 
2R 

0.244 
0.995 

Pseudo- second order 2K 
2R 

1.357 
0.9982 

Intraparticle diffusion C 
PK 
2R 

0.511141 
0.005 
0.998 

5. Conclusion  

The most considerable conclusions attained from the using of PC to treat synthesis 
wastewater with ciprofloxacin in batch and continues system mode can be listed below: FTIR 
analysis shows that the bands of silanol-OH and Si-OH-Si groups shifted to upper displacement 
and therefore it plays the major role in adsorption process. XRD pattern result that the mainly PC 
compound is quartz with a chemical formula SiO2. Also, there is no obvious difference between 
XRD peaks of adsorbent before and after adsorption mean that there was no change in the chemical 
composition of the PC and the removal process is a physisorption. Surface morphology shows a 
wide variety of size and shape of intergranular pores relatively to the high porosity of PC also, 
indicating high surface areas. In contrast, the high ratio of Si before and after adsorption made the 
EDS analysis compatible with the FTIR (The major functional groups present in the samples were 
Si-O-Si groups) and XRD (The mainly compound is quartz with a chemical formula SiO2. In batch 
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system mode; the optimal pH was around 5. The optimum dose is 0.02 g/ml because it gives a 
suitable removal by the consumption of a fit amount of PC. Results show that the removal 
efficiency decreased with the increased in particle size and the best removal efficiency (92.5 %) 
was at the particles size of 425 μm.  The CIP adsorbing was rather fast in the first min and reach 
to the state of equilibrium was at 80 min. The removal efficiencies of CIP increased dramatically 
as the initial concentration increased and the best removal percent was 92.5% at 60 mg/l.  The 
results were improved using the regression equation of response value gives best removal percent 
by surface method (RSM) with central composite design (CCD). All the results of RMS are really 
closed to that of batch experiments. From this result; the optimal condition through the experiments 
of continuous operation mode can be choice as(pH=5.322, dose= 0.02196 g/ml, particle size=425 
μm, initial concentration of 58.7002mg/l, time= 80.88 min and temperature of 25oC) at shaking 
speed of 300rpm which gives 92.5% of CIP adsorption. There is no significant effect of 
temperature on the CIP adsorption. Removal percent slightly increase with temperature increasing 
revealed that CIP adsorption is endothermic. The negative value of ΔG represent the viability and 
spontaneity of adsorption process. Positive value of ΔH indicated that the nature of process is 
endothermic, while the positive ΔS confirm the perfect affinity of adsorbate to adsorbent. Isotherm 
study state that the maximum adsorption capacity of CIP onto PC is 20.21 mg/g. RL value 
(0˂RL˂1) state the adsorption is favorable process. Freundlich intensity (n˃1) suggested that the 
adsorption is preferential. Langmuir Model is the more fitted model that has the largest value of 
R2 of (0.98539). Both the first-order kinetic model fitted with R2=0.995 and the Second-order 
kinetic model with R2=0.998 are appropriate although the Second-order kinetic more fitted to 
describe the adsorption behavior of CIP. Furthermore, the C values of the Intraparticle diffusion 
model were greater than zero confirming that adsorption process rate limiting contributes to the 
diffusion of the boundary layer, not intra-particular diffusion. 
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