
Membrane and Water Treatment, Vol. 13, No. 3 (2022) 129-137 

https://doi.org/10.12989/mwt.2022.13.3.129                                                                  

Copyright ©  2022 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=mwt&subpage=7                                                            ISSN: 2005-8624 (Print), 2092-7037 (Online) 

 

1. Introduction 
 

Antibiotics used for treating of many diseases are 

frequently encountered in domestic and hospital 

wastewater. Antibiotics accumulating in water bodies 

through anthropogenic sources also affect ecological health 

(Agboola and Bello 2020). Ciprofloxacin (CPX) is one of 

the chemotherapeutic antibiotics among the fluoroquinolones 

widely used around the world (Githinji et al. 2011, Igwegbe 

et al. 2021). While the CPX concentration is <1 µg L-1 in 

water and wastewater (Carmosini and Lee 2009), this value 

exceeds 150 µg L-1 in hospital wastewater (El-Shafey et al. 

2012). The presence of CPX in aquatic environments can 

bring about the growth of antibiotic-resistant bacteria that 

are harmful to human health (Wang et al. 2015). For this 

reason, studies on the removal of CPX and similar 

antibiotics from wastewater have increased recently. 

Considering that conventional wastewater treatment 

processes do not provide effective removal for CPX, 

researches on various advanced methods and techniques 

such as oxidation (Mondal et al. 2018, Ganesan et al. 2019), 

membrane separation (Palacio et al. 2018, Bhattacharya et 

al. 2019) and adsorption (Darweesh and Ahmed 2017, Duan 

et al. 2018, Mohammed et al. 2019, Antonelli et al. 2020, 

Al-Musawi et al. 2021) have been emphasized in the 

literature. Adsorption is preferred for the removal of drugs 

and heavy metals from aqueous solutions as an easy-to-  
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apply method and inexpensive activated carbons (AC) 

production (Ozer and Imamoglu 2017, Usanmaz et al. 

2021). Various AC fabricated from agricultural wastes such 

as bamboo (Wang et al. 2015), rice husk (Zhang et al. 

2017), oat hulls (Movasaghi et al. 2019), corn cob and rice 

husk (Peñafiel et al. 2019), pomegranate peels (Mekhamer 

and Al-Tamimi 2019), prosopis juliflora (Chandrasekaran et 

al. 2020), banana stalk (Agboola and Bello 2020) and 

sugarcane bagasse (Peñafiel et al. 2021) have been used for 

CPX removal.  

Orange peels have also been used for the preparation of 

AC using various activating agents such as potassium 

carbonate (Foo and Hameed 2012), phosphoric acid 

(Fernandez et al. 2014), and sulfuric acid, sodium hydroxide, 

potassium hydroxide, zinc chloride (ZnCl2) and phosphoric 

acid (Bediako et al. 2020) and these AC’s were used for the 

removal of methylene blue from aqueous solutions. 

Removal of malachite green (Lam et al. 2017) and azo dye 

(Munagapati and Kim, 2016) was carried out using AC 

from orange peel prepared by activation using sodium 

hydroxide. In another study, Cr(VI) removal with activated 

carbon from orange peel synthesized with chemical 

activation using ZnCl2 was also studied (El Nemr et al. 

2020). But no study was found in our literature survey for 

use of an orange peel activated carbon (ACOP) prepared 

with ZnCl2 activation for the removal of CPX from aqueous 

solutions.  

Orange peel is real waste which product of fruit juice 

industries. This waste occurs in large quantities at 

Mediterranean region from the factories. Hence, conversion 

of orange peel to activated carbon eliminates to disposal of 

solid waste problems and valorizes the fruit waste by 

 
 
 

Removal of ciprofloxacin from aqueous solution by activated carbon 
prepared from orange peel using zinc chloride 

 

Rabia Köklü1a and Mustafa İmamoğlu2 

 
1Sakarya University, Faculty of Engineering, Environmental Engineering Department, 54050 Sakarya, Turkey 

2Sakarya University, Faculty of Arts & Sciences, Chemistry Department, 54050 Sakarya, Turkey 

 
(Received November 24, 2021, Revised March 3, 2022, Accepted March 12, 2022) 

 
Abstract.  In this study, the removal of Ciprofloxacin (CPX) from aqueous solutions was investigated by a new activated 

carbon adsorbent prepared from orange peel (ACOP) with chemical activation using ZnCl2. The physicochemical properties 

of orange peel activated carbon were characterized by proximate and ultimate analysis, scanning electron microscopy, BET 

surface area determination and Fourier transformation infrared spectroscopic studies. According to Brunauer–Emmett–Teller 

isotherm and non-local-density functional theory, the cumulative surface area, pore volume and pore size of ACOP were 

determined as 1193 m2 g-1, 0.83 cc g-1 and 12.7 Å , respectively. The effects of contact time, pH, temperature and ACOP dose 

on the batch adsorption of CPX were studied. Adsorption equilibrium data of CPX with ACOP were found to be compatible 

with both the Langmuir and Freundlich isotherms. CPX adsorption capacity of ACOP was calculated as 181.8 mg g-1 using 

Langmuir isotherm. The CPX adsorption kinetics were found to be harmonious with the pseudo-second-order kinetic model. 

Conclusively, ACOP can be assessable as an effective adsorbent for the removal of ciprofloxacin (CPX) from aqueous 

solutions. 

Keywords:  activated carbon; aqueous solution; ciprofloxacin; orange peel; removal 

 

129



 

Rabia Köklü and Mustafa İmamoğlu 

producing activated carbon. While heavy metal adsorption 

with activated carbons has been widely investigated by 

researchers, removal of drugs has not been studied in detail. 

So, many studies about removal of pharmaceuticals from 

aqueous solutions have been increased in the last decade. 

Hence, investigation of CPX removal using orange peel 

activated carbon is very important. 

In this study, activated carbon was prepared from orange 

peel with chemical activation using ZnCl2 and used for 

batch removal of CPX from aqueous solutions. The surface 

and pore characterization, and physicochemical properties 

of the adsorbent were studied. To determine the effects of 

contact time, ACOP dose, pH and temperature on the CPX 

removal, batch adsorption experiments were performed. 

Equilibrium and kinetics of CPX adsorption onto ACOP 

were also examined using isotherms and kinetic models. 
 
 

2. Materials and methods 
 

2.1 Instruments and chemicals 
 

The temperature-controlled orbital shaker (KS4000i, 

IKA® -Werke GmbH and Co. KG, Staufen, Germany) was 

used for shaking Erlenmeyer containing a suspension of 

ACOP and CPX in the batch adsorption experiments. CPX 

concentration was analyzed using UV-Spectrophotometer 

(Shimadzu UV 2600, Shimadzu Corporation, Kyoto, 

Japan). ACOP was fabricated in the tube furnace (Protherm 

PTF 12, Alser Teknik Seramik A.Ş., Ankara, Turkey) under 

nitrogen atmosphere. Infrared spectra were determined 

using a Perkin Elmer Spectrum Two FTIR spectro- 

photometer at 4 cm−1 resolution in ATR mode using a 

ceramic light source (Perkin Elmer® , Shelton, CT, USA). 

Surface morphology of the ACOP was carried out using 

scanning electron microscopy (SEM) (FEI, Quanta FEG 

250, USA) at Düzce University Scientific and 

Technological Research Application and Research Center, 

Düzce, Turkey. Brunauer–Emmett–Teller (BET) surface 

area determination, non-local-density functional theory 

(NLDFT) pore structure analysis was carried out using 

Quantachrome Autosorb-6B (Quantachrome Ins., FL, USA) 

and CHN elemental analysis was performed using the Leco 

CHNS 932 analyzer (LECO Corporation, MI, USA) at 

METU Central Laboratory, Ankara, Turkey. CPX stock 

solution was prepared from C17H18FN3O3HCl.H2O 

(supplied by Deva Holding A.Ş., Istanbul, Turkey) at 250 

mg L-1, standard and working solutions were prepared by 

daily dilution of the stock solution. The pH measurement of 

the CPX solutions was performed using Schott CG 840 pH 

meter (Schott AG, Mainz, Germany). The pH of the 

working solutions was adjusted using HCl (0.1 M) and 

NaOH (0.1 M) solutions by controlling with the pH meter. 

 
2.2 Preparation and characterization of ACOP 

 

Oranges purchased from Sakarya’s local markets were 

peeled. The peels were washed with deionized water and 

dried at 1050C for 48 h. Equal amounts (90 g) of ZnCl2 and 

orange peel, and distilled water (150 mL) were mixed and 

then, maintained at room temperature for 24 hours for the 

impregnation of ZnCl2. Then, it was dried at 105°C for 24 

h. The impregnated material was pyrolyzed for 1 h under N2 

flow (100 ml min-1) in a tube furnace at 700°C. After its 

cooling down to ambient temperature under N2 flow, the 

pyrolyzed material was obtained. The material was added to 

100 mL of 2 M HCl solutions for 5 h at 70oC. The material 

was washed with deionized water until no chloride ions 

were observed in the effluents checked by 0.1 M AgNO3. 

The obtained orange peel activated carbon was dried at 105 
0C and then stored in brown glass bottle and used in further 

studies. 

The ACOP was characterized with FTIR technique, 

SEM images, BET and NLDFT (Neimark 1995, 

Ravikovitch et al. 1995) methods. To define the functional 

groups on the surface of ACOP the FTIR spectra were 

recorded between 4.000 and 400 cm–1. The adsorption 

mechanism and porous structure of ACOP were evaluated 

with a nitrogen adsorption-desorption curve using BET and 

NLDFT methods. CHN elemental analyses were performed 

to determine the content of ACOP. Iodine number (ASTM 

D4607-94 1999), moisture (ASTM D2867-99 1999), ash 

(ASTM D2866-94 2004) and volatile matter (ASTM 

D5832-95 1998) were also determined.  

 

2.3 Adsorption studies 
 
Batch adsorption studies were carried out to investigate 

ACOP efficiency for removal of CPX from aqueous 

solutions under variable conditions such as pH (3-9), initial 

CPX concentration (25-500 mg L-1), contact time (5-1440 

min), ACOP dose (25-300 mg). The temperature effect was 

studied at 25, 35 and 45 0C. Experimental studies were 

conducted (except for pH effect) at the original pH of the 

CPX solution, stirring speed of 180 rpm, 24 h contact time 

and 25 0C. The remaining CPX level in the solutions after 

adsorption was measured using a UV spectrophotometer at 

a wavelength of 276 nm. The amount of CPX adsorbed per 

gram of ACOP (qe) and adsorption percentage (%) were 

calculated using the following Eqs. (1) and (2), 

respectively; 

𝑞e =
(C0 − Ce). V

m
 (1) 

Adsorption,% =
(C0 − Ce)

𝐶0
. 100 (2) 

where C0 and Ce are initial and equilibrium CPX 

concentrations (mg L-1), respectively, V is the CPX solution 

volume (L), and m is ACOP amount (g) (Kiraz et al. 2019). 
 
 

3. Results and discussion 
 

3.1 Characterization of ACOP 

 

The C,H,N content, moisture, ash and volatile matter 

and other characteristic properties of ACOP are listed in 

Table 1. The pore structure and carbon content of the 

adsorbent are important factors affecting the adsorption 

efficiency. According to elemental analysis results, ACOP 

has high carbon (77.2%), and low hydrogen (2.1%) and 
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(a) The adsorption/desorption isotherm  

 
(b) NLDFT method pore size distribution of ACOP   

Fig. 1 BET analysis results 
 

Table 1 Characteristics of ACOP 

Elemental analysis (%)  

C 77.2 

H 2.1 

N 2.8 

Proximate analyses (%)  

Moisture 9.6 

Ashes 0.2 

Volatile matter 23.7 

Fixed carbon 76.1 

Iodine number (mg g-1) 705.7 

pHpzc 4.2 

BET surface area (m2 g-1) 1384 

NLDFT Cum. surface area (m2 g-1) 1193 

Total pore volume (cc g-1) 0.83 

Micropore volume (cc g-1) 0.59 

Pore size (Å ) 12.7 

 

 

nitrogen (2.8%) contents. Moisture, ash and volatile matter 

properties of ACOP were found to be 9.6%, 0.2% and 

23.7%, respectively, resulting in high fixed carbon (76.1%) 

content. With this high fixed carbon content and low ash 

content, ACOP can be accepted as an effective activated 

carbon (Zhang et al. 2020). 

According to the IUPAC classifications of physical 

adsorption isotherms and related hysteresis loops, the N2 

 
(a) 100 μm  

 
(b) 20 μm 

Fig. 2 SEM images of ACOP 
 

 

adsorption isotherm obtained with ACOP shown in Fig. 1a 

is compatible with type I isotherm and H4 hysteresis loops. 

Type I isotherm is observed in carbon with pore size 

distributions in a wide range consisting of wide micropores 

and narrow mesopores, and H4 loops are observed in micro- 

meso type porous carbons (Thommes et al. 2015). The 

ACOP isotherm conforms to the type I isotherm, where 

micropore filling occurs at low P/P0 (Sun et al. 2016). 

The multi-point BET surface area of the ACOP was 

determined as 1384 m2 g-1 and the NLDFT Method 

provided a cumulative surface area as 1193 m2 g-1. ACOP 

has a total pore volume of 0.83 cc g-1 and a micropore 

volume of 0.59 cc g-1. Based on Fig. 1(b) and the pore 

volume data, a high percentage of micro type pores and a 

lower percentage of meso type pores were defined for 

ACOP. According to the pore size distribution curve (Fig 

1(b)), it was determined that the pore size ranged between 8 

and 250 Å  and the average pore size of ACOP was 12.7 Å . 

This value shows that the structure of the ACOP is mainly 

composed of micropores and the ACOP can be preferred in 

industrial applications (Ahmed and Theydan 2014). 

According to literature, chemically activated microporous 

ACs can efficiently remove small molecules such as drug 

active ingredients (Mansour et al. 2018). The iodine number 

of ACOP was obtained as 705.7 mg g-1. This result is also 

compatible with the literature, for example, Aygün et al. 

(2003) calculated the iodine numbers of almond shell and 

apricot stone activated carbons as 638 and 754 mg g-1, 

respectively. 

The morphological structure of ACOP was evaluated 

with the SEM images shown in Fig. 2. The ACOP surface 
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Fig. 3 FT-IR spectra of ACOP 

 

 
Fig. 4 Effect of contact time on the removal of 

ciprofloxacin by orange peel activated carbon (C0:400 

mg L-1, V: 50 mL, m:50 mg, pH:6, T:25 0C) 

 

 
Fig. 5 Effect of orange peel activated carbon dosage on 

the removal of ciprofloxacin (C0:200 mg L-1, V: 50mL, 

m:50 mg, pH:6, T:25 0C) 

 

 

was determined as a heterogeneous consisting of grooves, 

passages, and pores of various sizes. ACOP has a large 

surface area for adsorbate removal, as confirmed by its BET 

surface area determination results (Mohammed et al. 2019). 

To characterize the surface functional groups of ACOP, 

the FTIR spectrum of ACOP is shown in Fig. 3. In the 

spectrum, O–H stretching vibration occurs was observed at 

wavenumbers ranged between 3400 and 3194 cm-1 (Pua et 

al. 2013). The peaks at 2983 cm-1 and 2660 cm-1 regions 

represent C-H stretching (Chen et al. 2012). There is an 

C=O stretching at 1694 cm-1 (Dutta 2017). A wavenumber 

of 1578 cm-1 may be attributed to stretching of the C=C 

groups (Imamoglu et al. 2018). The peaks between 1175 

and 1033 cm-1 can be ascribed to stretching of the C-O 

groups of alcoholic, etheric and acidic structures (Imamoglu 

et al. 2016). 

 

3.2 Effect of contact time 
 
The effect of contact time on the CPX adsorption was 

determined by performing studies at an initial concentration 
of 400 mg L-1 CPX at contact times between 5 and 1440 
min. According to the results shown in Fig. 4, CPX 
adsorption increased very rapidly in the first 60 min. and 
slowly increased between 120 min. and 1200 min., and then 
reached equilibrium conditions at 1200 min. The adsorption 
capacity of ACOP at equilibrium time was determined as 
159.3 mg g-1. The adsorption sites on the ACOP surface 
were initially null and accessible. However, once 
equilibrium is reached, the ACOP surface becomes 
saturated and adsorption sites of ACOP for CPX are 
depleted (Ozer 2020). The equilibrium time for adsorption 
of CPX onto AC from lignin by H3PO4 was found to be 
1000 min (Huang et al. 2014). CPX adsorption onto 
bamboo based activated carbon was reached to equilibrium 
at 4320 min (Wang et al. 2015). 

 

3.3 Effect of ACOP dosage 
 

The percentage removal of CPX and adsorbed amount 
of CPX per gram of ACOP depending on the ACOP 
dosages are shown in Fig. 5 using ACOP amounts between 
0.025 and 0.25 g for 50 mL of CPX solutions at 200 mg L-1. 
The percentage of CPX removal increases with increasing 
ACOP amount because higher adsorbent dose creates 
higher adsorption sites for fixed number of CPX molecules 
(Li et al. 2017, Bal et al. 2021). 

However, due to the inverse ratio between ACOP 
amount and qe, the amount of CPX adsorbed per gram of 
ACOP decreased with increasing ACOP dose. Zhang et al. 
(2017) showed that CPX adsorption decreased with 
increasing amount of activated carbon derived from the 
residue of desilicated rice husk. As can be seen from the 
adsorption percentage curve from the Fig. 5, the optimum 
ACOP dose was determined as 150 mg. 

 
3.4 Effect of temperature 

 

The effect of temperature on the removal of CPX was 
investigated by adding 50 mg ACOP to CPX solution (100 mg 
L-1) at different temperatures (25, 35, 45°C). As seen in Fig. 6, 
the CPX adsorption onto ACOP increased with an increase in 
temperature. Hence, it was concluded that the adsorption of 
CPX onto ACOP is endothermic (Peng et al. 2018). Similarly, 
Zhang et al. (2011) and Ahmed and Theydan (2014) reported 
that CPX removal increased with an increase in temperature. 

 
3.5 Effect of pH 

 

pH is an important factor in the adsorption of 

pharmaceuticals due to the surface charge of the adsorbent 

and ionization of the drug molecules (Peñafiel et al. 2019). 
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Fig. 6 Effect of temperature on the removal of 

ciprofloxacin from aqueous solutions (C0:100 mg L-1, V: 

50 mL, m: 50 mg, pH:6) 

 

 
Fig. 7 Effect of pH on the removal of ciprofloxacin from 

aqueous solutions by orange peel activated carbon 

(C0:50 mg L-1, V: 50mL, m: 10 mg, T:25 0C) 

 

 
Fig. 8 Effect of initial concentration of ciprofloxacin on 

its removal from aqueous solutions (V: 50mL, m:50 mg, 

pH:6, T:25 0C) 
 

 

The effect of pH on CPX removal by ACOP was studied at 

pH between 3 and 9. 

The CPX molecule is a neutral molecule containing both 

positive and negative charges. CPX exhibits cationic 

properties at pH ≤ 4.0, anionic at pH ˃ 8, and cationic and 

zwitterionic properties between pH 4.0 and 8.0 (Duan et al. 

2018). The pHpzc value of the ACOP was determined as 4.2. 

As seen in Fig. 7, low adsorption capacity was observed in 

the case of pH ˂ 4.2, which resulted from less electrostatic 

 

 

attraction between CPX and the ACOP surfaces, and 

competition between CPX and H+ ions (Wang et al. 2017). 

At pH between 6 and 8, an electrostatic interaction occurs 

between the positively charged CPX and the negatively 

charged ACOP surface (El-Shafey et al. 2012). In this 

study, the maximum adsorption capacity was obtained as 

170 mg g-1 at a pH of 8.0. But for practical reasons, the 

adsorption of CPX by ACOP in the next studies was carried 

out at the original pH of the CPX solution at pH of 6.0. 

CPX adsorption using activated carbon prepared from 

Enteromorpha prolifera (Wang et al. 2015) and surface- 

modified carbon materials (Carabineiro et al. 2011) was 

performed at the original pH value of CPX. 

 

3.6 Effect of initial concentration 

 

To determine the effect of CPX initial concentrations on 

adsorption, initial concentrations of CPX between 25 and 

500 mg L-1 were used. The obtained results are shown in 

Fig. 8.  

The percentage of CPX adsorption varied between 95.2 

and 35.4%. The CPX adsorption increased from 23.8 mg g-1 

to 177.05 mg g-1 by increasing the CPX initial concentration 

from 25 to 500 mg L-1. This is due to the limited number of 

adsorption zone on the ACOP surface to uptake all CPX 

molecules at high concentration of CPX (Al-Musawi et al. 

2021). Mao et al. (2016) reports that as the initial 

concentration increases from 10 to 60 mg L-1, the removal 

of CPX decreases from 98% to 59.9%. 

 

3.7 Ciprofloxacin adsorption isotherms by ACOP 

 

The equation of the models and the calculated values for 

the CPX adsorption onto ACOP are shown in Table 2. 

The equilibrium data of CPX adsorption onto ACOP 

were analysed using the Langmuir and Freundlich isotherm 

models at 25°C. Linear graphics of the isotherm models for 

the CPX adsorption onto ACOP are shown in Fig. 9. 

Langmuir and Freundlich isotherm models produced 

correlation coefficients to be close to each other at r2 = 0.98 

and r2 = 0.99, respectively. Hence, it was concluded that the 

adsorption of CPX onto ACOP was followed by both the 

Langmuir and Freundlich isotherms. Langmuir isotherm 

explains that the adsorption process is a monolayer and 

limited adsorption (Kalhori et al. 2017). Fitting the 

Freundlich isotherm model is an indicator of multilayer 

physical adsorption (Hameed et al. 2007). 

Table 2 Langmuir, Freundlich isotherms and correlation 

coefficients for ciprofloxacin adsorption onto ACOP 

Isotherm Equation Constants Values Reference 

Langmuir 
𝐶𝑒
𝑞𝑒

=
𝐶𝑒
𝑞𝑚𝑎𝑥

+
1

𝐾𝐿𝑞𝑚𝑎𝑥

 

qmax 

(mg g–1) 
181.8  

(Langmuir 

1918) 

 

KL x102 

(L mg−1) 
3.30 

r2 0.98 

Freundlich 𝑙𝑛𝑞𝑒 = 𝑙𝑛𝐾𝑓 +
1

𝑛
𝑙𝑛𝐶𝑒 

KF 22.97 
(Freundlich 

1906) 
n 2.81 

r2 0.99 
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Also, the n value obtained from Freundlich isotherm is 

greater than 1 showing the suitability of the adsorption to 
Freundlich model (Yin et al. 2018).  

The separation factor RL value of the Langmuir 

isotherm model for the adsorption of CPX onto ACOP was 

calculated using Eq. (3) given below. 

 

 

 

 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶0
 (3) 

where KL (L mg-1) is a constant of Langmuir, RL is a 

separation factor and C0 is the initial concentration (mg L-1) 

(Eze et al. 2021, Ö ztürk et al. 2021). RL value for the  

  
(a) Langmuir isotherm  (b) Freundlich isotherm 

Fig. 9 Linear isotherm graphs for ciprofloxacin adsorption onto orange peel activated carbon 

  
(a) Pseudo-first-order model (b) Pseudo-second-order model 

Fig. 10 Kinetic charts for ciprofloxacin adsorption onto orange peel activated carbon 

Table 3 Comparison of the recent CPX adsorption studies 

Adsorbent Activation pH 
Contact time 

(min) 
Best-fit Kinetic 

Best fit 

Isotherm 

Qmax 

(mg g-1) 
Reference 

Coal Fly Ash Sodium hydroxide - 100 Pseudo 2nd order Langmuir 1.5 (Zhang et al. 2011) 

Palm Leaflet Sulphuric acid 6 2880 Pseudo 2nd order Langmuir 133.3 (El-Shafey et al. 2012) 

Coal Fly Ash No activation 4 270 Pseudo 2nd order Freundlich 17.5 
(Maheshwari et al. 

2013) 

Lignin Phosphoric acid 5.5 1000 Pseudo 2nd order Langmuir 418.6 (Huang et al. 2014) 

Enteromorpha 

Prolifera 

Pyrophosphoric 

Acid 
6-9 360 Pseudo 2nd order Langmuir 216.5 (Gao et al. 2015) 

Bamboo Phosphoric acid 5.10 4320 Pseudo 2nd order Langmuir 613 (Wang et al. 2015) 

Rice Husk Physical activation 7.9 307 Pseudo 2nd order Langmuir 461.9 (Zhang et al. 2017) 

Oat Hulls Phosphoric acid 7 - Pseudo 2nd order Freundlich 83 (Movasaghi et al. 2019) 

Pomegranate 

Peels 
No activation 4-5 120 Pseudo 2nd order Langmuir 999 

(Mekhamer and 

Al-Tamimi 2019) 

Corn Cob No activation 6 40 Pseudo 2nd order Freundlich 26.3 (Peñafiel et al. 2019) 

Banana Stalk Orthophosphoric acid 8 420 Pseudo 2nd order Langmuir 49.8 
(Agboola and Bello 

2020) 

Sugarcane 

Bagasse 
No activation 6-8 60 Pseudo 2nd order Freundlich 5.7 (Peñafiel et al. 2021) 

Orange Peel Zinc chloride 6 1200 Pseudo 2nd order Langmuir 181.8 This work 
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adsorption of CPX was found to be 0.07 indicating 

spontaneity of the adsorption (Sayın et al. 2017). 

For comparison of ACOP adsorption capacity with other 

adsorbents, the CPX adsorption capacities of various 

activated carbons from different natural materials with 

different activation methods are shown in Table 3. The CPX 

capacities are ranged between 1.5 mg g-1 by coal fly ash 

(Zhang et al. 2011) and 999 mg g-1 by pomegranate peels 

(Mekhamer and Al-Tamimi, 2019). It can be concluded that 

ACOP has moderate CPX adsorption capacity. 

 

3.7 Ciprofloxacin adsorption kinetics by ACOP 

 

The CPX adsorption kinetics by ACOP were determined 

using pseudo-first-order and pseudo-second-order kinetic 

models and their linear curves illustrated in Fig 10. The 

equation of the models and their calculated coefficients are 

given in Table 4.  

The predicted qe value by the pseudo-second order 

model was found to be quite close to the experimental ones. 

The correlation coefficients of the pseudo-second order 

model was calculated as 0.95. The proximity of the qe value 

estimated by the kinetic models and the experimentally 

found qe value is also important to conclude which model 

fits the CPX adsorption kinetics (Carabineiro et al. 2011). 

In this study, the qe value (161.3 mg g-1) estimated by the 

pseudo-second order kinetic model is closer to the 

experimental qe value (159.3 mg g-1) found for the 

adsorption of CPX onto ACOP. Hence, it was concluded 

that the CPX adsorption kinetics by ACOP were in 

accordance with the pseudo-second-order kinetic model.  
 

 

4. Conclusions 
 
In this study, a newly produced activated carbon from 

orange peel for removal of CPX, an antibiotic, which is an 

important pollution problem in wastewater, was 

investigated. Activated carbon obtained from the orange 

peel with the activation of ZnCl2 was used for CPX removal 

with its large surface area and micropore structure. The 

average pore size of ACOP was found to be 12.73 Å . In the 

batch adsorption experiments of CPX, it was determined 

that variables such as contact time, pH and temperature 

affect the removal of CPX. The adsorption of CPX was 

favored at pH of 8.0 and reached equilibrium at 1200 min. 

The increasing of temperature caused an increase in the 

CPX adsorption. The adsorption of CPX with ACOP was  

 

 

determined to be endothermic process. CPX adsorption 

equilibrium data by ACOP were found to be compatible 

with both Langmuir and Freundlich isotherms. The 

maximum CPX adsorption capacity of ACOP was found to 

be 181.8 mg g-1 from the Langmuir equation. The CPX 

adsorption followed the pseudo-second-order kinetic 

models. It was concluded that ACOP can be used as an 

effective adsorbent for the removal of CPX from 

wastewater.  
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