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Abstract  
Antibiotics are common drug contaminants due to their high levels in the effluents of 
pharmaceutical companies and hospitals. Tetracyclines, as a relatively inexpensive bactericidal 
inhibitor, are one of the most widely used antibiotics for humans and animal food and 
pharmaceutical supplements, which have led to their widespread release into the environment. 
In this paper, zeolite 4A, due to its high specific surface area and ion exchangeability has been 
modified to increase the adsorption capacity of tetracycline using copper ion. Impregnation 
method as one of the simple and reproducible methods has been used to add copper with 
different ratios to the zeolite structure. The adsorbent characterizations were investigated using 
FESEM, FTIR, XRD and BET analyses. Adsorption experiments were performed by 
investigating the effect of copper to zeolite mass ratio, adsorbent weight, and different pH over 
time. Adsorption isotherms and kinetics have been investigated to investigate the adsorption 
capacity and transfer mechanism of tetracycline from liquid bulk to the adsorbent surface and 
intraparticle diffusion. The specific surface area of the adsorbent increased from 36 m2/g to 635 
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m2/g during the modification process. The maximum adsorption is achieved at pH 6.8 and the 
weight ratio of copper nitrate to zeolite is 0.4, which according to Langmuir's theory increases 
from 41 to about 416 mg/g and for higher copper to zeolite ratio the adsorption capacity 
decreases. The Freundlich isotherm showed better agreement with the equilibrium data and the 
second order kinetic model predicted the reaction rate data more accurately. FTIR analysis 
showed that the electrostatic bond between the carbonyl and phenol groups of tetracycline with 
copper is one of the main mechanisms of tetracycline adsorption on the modified zeolite. The 
results showed that copper has significantly increased the adsorption capacity of zeolite by 
changing the internal structure and reducing the radius of cavities and increasing the specific 
surface area. 

Keywords: Tetracycline, Zeolite, Surface Modification, Adsorption, Water Treatment. 
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��%$-2+�� �AD" ������ �" +��H*�" �� 1�@&	��"�*/ �N X�)	���� :�J." F	"�� 
Table 2. Experimental conditions for tetracycline adsorption test using Cu modified zeolite 

TC 
concentration 

(ppm)
Adsorbent 
weight (gr) pH 

Temperature 
(qC) Time (hr) 

Adsorbent 
dosage 200 0.01-0.1 6.5 25 24 

pH 200 0.04 2-9 25 24
Isotherm 100-500 0.04 6.5 25 24
Kinetic 200 0.04 6.5 25 In 10 min time 

steps for 3 hrs
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Fig. 1. Effect of copper nitrate to zeolite weight ratio on the 
tetracycline removal from aqueous solution (T=25 ͦC, 

time= 24hr, tetracycline initial concentration=200 mg/L) 
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Fig. 2. N2 adsorption desorption graphs for a) raw zeolite and b) modified zeolite 
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Fig. 3. XRD patterns for raw and Cu modified zeolite 
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Fig. 4. FTIR spectra for raw zeolite, Cu modified zeolite 
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Fig. 5. FESEM image of A) raw zeolite and B) Cu modified 
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Fig. 7. Effect of pH on the adsorption capacity of tetracycline 
using Cu modified zeolite (T=25  ͦC,  

initial concentration=200 mg/L) 
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Fig. 8. Comparison between the equilibrium data and a) Langmuir and b) Freundlich isotherm  
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Fig. 9. Comparison between the tetracycline adsorption experimental data and a) first order  
kinetic model, b) second order and c) intraparticle diffusion model  
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Table 3. A review of studies on the adsorption of antibiotics using zeolites 

Ref Kinetic 
model 

Adsorption 
Isotherm

Adsorption 
capacity 
(ppm)

TC 
concentration 

range
Antibiotic Adsorbent 

Fukahori 
and 

Fujiwara, 
2014

Pseudo first 
order Langmuir 10ppm Sulfonamide TiO2/high-silica 

Zeolite HSZ-385 

Blasioli et 
al., 2014 

Pseudo 
second 
order

1200μmol/
g30 − 200  ¡Sulfamethoxazole 

Zeolite Y
Mordenite 
ZSM5

Braschi et 
al., 2010 

Pseudo 
second 
order

600 μmol /g10 mg/L Sulfonamide Organophilic 
Zeolite Y 

Fukahori et 
al., 2013 

Pseudo 
second 
order

1.8 mg/g 10 mg/l Sulfonamide Zeolite HSZ-385 

Ötker and 
Akmehmet-
Balcıoğlu, 

2005 

 
Langmuir 

and 
Freundlich 

17 mg/g 50–200 mg/l Enrofloxacin Natural zeolite 

Genç and 
Dogan, 
2015

Pseudo 
second 
order

50mg/g 20-40 mg/l Ciprofloxacin Clinoptiolite 

Ali and 
Ahmed, 

2017

Pseudo 
second 
order

Langmuir 252mg/g 40-120 mg/l Doxycycline NaY zeolite 

De Sousa et 
al., 2018 

Pseudo 
second 
order

Freundlich 
7 mg/g
7 mg/g 

0.16 mg/g
10-400 µg/l 

Azithromycin
Ofloxacin 

Sulfamethoxazole
FAU zeolite 

Guo et al., 
2017a 

Pseudo 
second 
order

Langmuir 434.6mg/g 10-500 mg/l Tetracycline MCM-41-Zeolite 
A

Kang et al., 
2011 

Pseudo first 
order and 

intraparticle 
diffusion

Langmuir 
and 

Freundlich 
62.2 mg/g 0.05 mM Tetracycline Zeolite beta 

Khanday 
and 

Hameed, 
2018

Freundlich 186.09mg/g 50-400 mg/l Tetracycline 

Zeolite-
Hydroxyapatite-
activated oil palm 
Ash

Jannat 
Abadi et 
al., 2019

Pseudo 
second 
order

Langmuir 
and DR 200 mg/g 100-500 mg/l Tetracycline Fe modified 13X 

zeolite 

This study 
Pseudo 
second 
order

Langmuir 
and 

Freundlich
200 mg/g 100-500 mg/l Tetracycline Cu modified 4A 

zeolite 

<2C;���%D 
;��� (	�.�
 	=� 
! ��"�=-� 7�&O +�8)."� �" "� ��% �."���W ��1	" :�J." X"=�CJ/ �<��d# �� :AT" 
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