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Abstract  
Pharmaceuticals are widely used in the treatment of diseases, and among them, antibiotics are 
the most widely used group of drugs. The presence of these compounds in the environment is a 
serious threat to global health. Common methods of removing antibiotics are photocatalytic 
processes, advanced oxidation, ozonation, and the use of sorbents. Adsorption processes are the 
most suitable option for removing drug compounds from aqueous media due to their high 
efficiency, simple system design, easy implementation and cost-effectiveness. The aim of this 
study was to use a new method to achieve a high removal rate of tetracycline antibiotics from 
aqueous solution, using a modified pyrolytic coke adsorbent and to optimize the adsorption 
process. The properties and characteristics of the adsorbents were determined by SEM, XRD, 
FTIR, BET and EDX analyses. At ambient temperature (25 ℃) the influence of effective factors 
such as adsorbent dose, solution pH, contact time and initial contaminant concentration were 
investigated. Based on the results, it was found that the optimal and maximum adsorption of 
tetracycline was occurred at pH=5, absorbent dose of 3 g/L, the initial concentration of 50 mg/L 
and the contact time of 90 minutes. This rate was equal to 96.32 percent. The results of FTIR 
analyses showed that the uptake of tetracycline by positive amine-NH groups was done at the 
adsorbent level. Also, the adsorption process of tetracycline by the modified adsorbent followed 
the Temkin adsorption isotherm model and the pseudo-second-order adsorption kinetics model. 
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Fig. 1. SEM images of a) pyrolytic coke at 1 µm, b) pyrolytic coke at 200 nm and c) activated coke 
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Fig. 2. XRD spectra analysis 
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Fig. 3. Final pH versus initial pH (at 25 °C, 48 hours) 
 ;,�/0�����!pH �P!��a:/
�pH 6$��

)�"�)°C ��&����"��(7��4 

6�!8���*?)FTIR C�
��� <���$ �-$
��3 -�*���S" ���*)�"�����
!�o$
� * $ ���:�$��A-��> %��[!� .7�4� A �>�&;�'��*)

FTIR 2�<	 5� &%�� 5� �� _��
" $ -�> QR�=� 5� A�I� -��>
" ��S! �� #DB .���:B
� .�*��
���� ��; �� ��� 5���4 
�* '

" -�*�S" �!��!���>� &5OH 74� ���= $� �� ��OH SS��
�$���/ ��cm-1���� $OH ��S����F0��= b����� �)���$���/ 

cm-1 ��� �" -�*�S" ��> .
2��<	 5� �!��! �� ��� -��>KOH� &�5OH �SS�����>

�
�S)����&QR=� �!��! �� �"� � ��> &-�$� E4�� -�>�� ��5
���� �� $ -�> 
���&� ���> � 5OH �S����F0�= b���� �)

�-�> 
�S � .74�����S! K��^�" �$� 
�� ���� ���> ��J6� -���*�)
�!�3 �*)OH E4��	NH2

+.74� m!��
	 �*)>�<������!�OH 
$NH �$����/ �� cm-1 ���� $cm-1���� -�*����S"���"��!����>

(Nandiyanto et al., 2019).
�5�*)�� -�> -�*�S" 5j�� ��� ��cm-1 ��� ��� _��
"
CH ����e�* .� �5�*)�� -��> -�*�S" ����&���� $cm-1	

���� � ��� _��
"�SS� ��!��C-O-C ���� %$� $ 2$� ����" ���
 ���J�" %�4 ���" $ ���J�"�!���� .�� �5QR=� �!��! �� �* -��>

�J� -�$� ���-�> 7!����S! �� � -��*�� �!�:�� �� ��
� 
�S�U��
.74� QR=� 
H� 

?6�!8 .� A=�/ ����! `I;BET&#T��B ��!��! D	��" A� \[/ 
2�<	 .� �<� %�� 5� E4�� ).�4KOH � 1��?	��.7	� ��]!��" 

Fig. 4. FTIR spectra of raw coke, activated coke and 
modified coke 
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��%T '0��,(S" 2�<	 &%�� 5� #T�B ���T QR=�$ -�> �� -�> 6�!8 .� -�"8 74�?BET 
Table. 1. BET analyses results for raw coke, activated coke and modified coke 

Raw coke Activated coke Modified coke Specifications
6.9165 73.358 37.254 )m( g⁄(Specific Area 

0.023613 0.1148 0.099092 )cm+ g⁄(Total pore volume 

13.656 6.2615 10.64 )nm(Mean pore diameter 

1.5891 16.854 8.5593 )cm+ g⁄(Volume of mesopores 

Fig. 5. EDX analysis results of activated coke 
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Fig. 6. EDX analysis results of modified coke 
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Fig. 7. Removal rate and adsorption capacity versus 
adsorbent dosage (at 25 °C, pH=6.32, initial 

concentration of 50 mg/L, 120 minutes) 
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Fig. 8. Removal rate and adsorption capacity versus time 
(at 25 °C, pH=6.32, initial concentration of 50 mg/L) 
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Fig. 9. Removal rate and adsorption capacity versus 
initial concentration of TC (at 25 °C, pH=6.32, 

for 90 minutes) 
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Table. 2. Parameters of kinetic models for the adsorption of TC on modified coke 

Concentration (mg/L)Pseudo-first orderPseudo-second orderIntra particle diffusion
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Fig. 11. Linear diagram of pseudo-first order kinetic 
model of TC 
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Fig. 12. Linear diagram of pseudo-second order kinetic 
model of TC 
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Fig. 13. Linear diagram of intra particle diffusion kinetic 
model of TC 
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Fig. 14. Langmuir isotherm diagram of TC 
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Fig. 15. Freundlich isotherm diagram of TC 
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Fig. 16. Temkin isotherm diagram of TC 
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Table. 3. Langmuir, Freundlich, and Temkin adsorption isotherms 

fitting parameters of TC on modified coke 

IsothermConstants of isotherms

Langmuir q�3 17.3010
K6 = 0.3768

R( = 0.6198 R6 = 0.05
Freundlichn = 1.2213K� = 3.9685R( = 0.7882

TemkinB� = 8.1567K� = 1.3767R( = 0.9479

��%T �0�J"��:#DB F�4��4�
���� �E4�� #T�B �*)'��(" �{��� -�> ��V���" 
Table 4. Tetracycline adsorption comparison with the reported adsorbents in the literature 

ReferenceResult illustrationsAdsorbent 

)Hoslett et al., 2021(

Adsorption capacity for TC with initial 
concentration of 20 mg/L and 100 mg/L was 
obtained 2/98 mg/g and 8/23 mg/g, respectively. 
Freundlich isotherm and Elovich kinetic model 
best fitted the experimental data

Bio-char obtained by agricultural 
wastes  

)Vu et al., 2020(

The maximum TC uptake at the optimum 
conditions was 88%- Langmuir isotherm and 
pseudo second-order kinetic model fitted the 
data  
TC from wastewater was 94% and the 
adsorption efficiency was dropped to 66% after 
5 cycle regeneration

Nanocomposite based on polyanion-
modified laterite material 

(Jannat Abadi et al., 
2019) 

The maximum TC adsorption was obtained at 
pH=6  
Maximum adsorption capacity was calculated to 
be 200 mg/g  
Langmuir isotherm was used to fit the data

Modified zeolite  

)Marzbali et al., 2016(

Maximum adsorption capacity of the derived 
AC was calculated to be 33.308 mg/g and 
pseudo second-order kinetic model was used to 
model the data 
TC adsorption was controlled by both 
intraparticle diffusion and film diffution models

H3PO4-AC produced from apricot 
nut shells 

The present study 

TC removal via activated and modified 
pyrolytic coke at the optimum conditions was 
obtained 86.88% and 96.32%, respectively. 
The experimental data fitted with Langmuir 
isotherm and pseudo second-order kinetic model 
for modified pyrolytic coke 

Modified AC by pyrolytic coke via 
urea 
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