
dx.doi.org/10.22093/wwj.2020.206120.2939 127

����� ��� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 31, No. 4, 2020 

مقاله پژوهشي

Journal of Water and Wastewater, Vol. 31, No.4, pp: 127-142 
Synthesis of Nanozeolite and its Efficiency in Reducing 

the Ca2+ of Shiraz Oil Refinery Wastewater 

S. Mohamadi1, S. Zare2

1.	Assist.	Prof.,	Dept.	of	Environmental	Engineering,		
College	of	Environment,	Karaj,	Iran	

(Corresponding	Author) smohamadi@khayam.ut.ac.ir	
2.	MSc	of	Chemical	Engineering-HSE,	Dept.	of	Environmental		

Engineering,	College	of	Environment,	Karaj,	Iran	
	

(Received Oct. 22, 2019      Accepted Jan. 22, 2020) 

To cite this article: 
Mohamadi, S., Zare, S. 2020. “Synthesis of nanozeolite and its efficiency in reducing the Ca2+ of Shiraz oil refinery 
wastewater” Journal of Water and Wastewater, 31(4), 127-142. Doi: 10.22093/wwj.2020.206120.2939. (In Persian) 

Abstract  
The production of industrial wastewater with a variety of compounds is one of the major 
environmental challenges of human societies, posing a great threat to the health of society. In 
this study, synthesis of Y-type nanozeolite and its efficiency in reducing the Ca2+ of Shiraz oil 
refinery effluent compared to acid treated natural zeolite was investigated. Synthensis of 
nanozeolites was performed by sol-gel method using sodium silicate and sodium aluminate 
solution. The synthesized samples were analyzed by X-ray diffraction analysis, scanning 
electron microscopy, and Brunauer-Emmett-Teller (BET) test. The X-ray diffraction results 
confirmed the crystalline structure of Y-type nanozeolites. The scanning electron microscopy 
images showed the formation of mesoporous particles. The specific porosity of the synthesized 
nanozeolite and also the total porosity were determined as 805.4m2/g and 0.4222 m3/g, 
respectively by BET analysis. Based on the nitrogen gas absorption / desorption isotherm, the 
presence of mesopores along the micro-pore in synthesized nanozeolite was confirmed. Kinetic 
studies showed the adsorption kinetics of both adsorbents are fit well with pseudo-second-order 
model, indicating that the interaction between the absorber surface and the adsorbent is the 
determining factor in adsorption process and diffusion of the Ca2+ ions to the inside of 
mesoporous zeolite canals is fast. The removal amount of Ca2+ from wastewater of oil-refinery 
for natural zeolite(50 g) and nano zeolite(5 g) in 1 L wastewater  after equilibrium time was 
determined as 60% and 95%, respectively and pH=7 was determined as the optimum pH. 
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�4�4�4D!��2� XRD 

eS� ��VTa��� R�c t�KX,� � ,�� 4��� ,�� �-�� ��#�y&
 ��  � R�  c !�  a# .�  �X�  > :���  H> ��-"�  � �  > ,�  (5 �  ��
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 ��-"�� �>l��#�y& ��
�Y� � � �#�y& �>� �( � .YR�� <
 �� ,�����Pc !�� � � � H%9 .(Dehghan and Anbia, 2018, 

Ahmedzeki et al., 2016) .
��� �g>� w�� �>+ � ,.-./

0�1#Ө�( ��#�-7��. ,&�� 4�� � ��
 :������U 45 �� �.d��� ��#�-7��. �g9λ�� � �� ( O�KX�β

t8� �� ��E &� � � H9) j �c k� A�� � (ӨR� c � ��& .� � 

g9 6��-( . � ��#�-7�� � > !� �(5 ��� B ,� ���l/ZZ�-(���� 

Fig. 1. XRD of synthesized a) nanozeolite and b) acid 
treated clinoptilolite ZR  

 :;��4��� R�c t�K X  (a ��#�y&����Y� ,���-��(b ��#�y&
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�> �H�( XS��� $ ����\\V �_VV �^^r �`Zr �_\\ �f\\ �lZ\ �
___ �l^r �``^ �``` ��- 7� .(Charkhi et al., 2012) �% 7�

j�c 2�� !��ZZr ��Vr�>\VV ��VZ�>� ( $ ���� � � � ���
4�	� .��� ��+�� � ��#�y& �� ��
�( 4����. k�� !���B !��K 
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 ��#�y& �#�"Y�( � �� �-��a� eS� � > � ��� e �#� !� 
 !� �<
 �  ��> I��  � j  L�. 4�  � .(Jaroniec and Sayari, 2002, 

Choudhary et al., 2017) t�KXRD  � > �� >�( ,�� ,�� 4���
��J�H�-c���H. ZR eS� ) ��� �> ��-7� & ��>VTb� . � � (

 j  �c ��  
� �B�  � �� �  �J�H�-c���H. �  8;�( !�  �Z/\r�
f`/ZZ�Z^/Vr=ӨZ� � �  �J�H�-c���H. :���  H> ��-"�  �b�  ��
�( �� ,�� ���@ j�c .��. `/Z`=ӨZ�� !����. &�� �> ��>�(

  � 4��  > 4�  7S� �j  �c �  > �%  7� j  �c :  � 2� �  8;�( !�  �
4����. & �"�> ���" ,���� 4��� ��J�H�-c���H. =� ���(�#5 � � �

 4� � ����a�� 
 � ������� :�B ��H+� � .(Ramishvili et 

al., 2017) .

�4�4V4D!��2�FTIR 

t�KFTIR �� � ��%K � �#�y& � !�-� � � �#�y&���� � > �� >�(
eS  �Z)a�b(�  > 4�  	� .�  � ,�  � ,�� 4�  �� $  ���� �  . ��  K

j �c ���9�( �� z;�( � � !� > � �Zv� %��'� � ��	� 4� 7S�
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��"&�T,�� !��XRD �> ��%(\��#�y&���� :���H> ��-"�� ,���. :���� j�cY

Table 1. XRD data of three characterized peaks 

Pos. [°2Th.] Height [cts] FWHM Left 
[°2Th.] d-spacing [Å] Rel. Int. [%] Tip width 

6.2 4450.392000 0.246000 14.24596 100.00 0.2952
15.57 2652.541000 0.196800 5.69188 59.60 0.2362
23.51 3343.101000 0.196800 3.78377 75.12 0.2362 
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Fig. 2. FTIR spectrum of a) nanozeolite and 
b) clinoptilolite ZR  
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Fig. 3. SEM images of nano zeolite Y 
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Fig. 4. Adsorption-desorption curve a), t-plot b) and BJH c) of N2 by nano zeolite Y 
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��"&VT,�� �> !�� ��#��5 & ,�(5 ���BET 
Table 2. Summarized data of BET analysis 

Vm 185.04 [cm3(STP)/g] 
as,BET 805.4 [m2/ g] 
C 84284
Total pore volume
(p/p0=0.990) 0.4222 [cm3/g] 

Mean pore diameter  2.097 [nm] 
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Fig. 5. Ca2+ reduction percentage with time for different amount of acid treated 
a) clinoptilolite ZR and b) nanozeolite in R , pH=7 and 1 L wastewater 
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Fig. 6. Ca2+ reduction at different pH by a) clinoptilolite ZR (30 g) and b) nanozeolite (3 g) in 1 L wastewater 
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Table. 3. Summarized data obtained from three kinetic models of first-pseudo, second -pseudo and intramolecular 
diffusion for synthesized nanozeolite and acid treated clinoptilolite ZR 

Amount 
(g) 

First-Pseudo model Second-Pseudo model Intramolecular diffusion 
model

qe(mg/g) k1(min-1) R2 qe(mg/g) k2(g.mg-1.min-1) R2 C Kid R2

0.1 (Natural zeolite) 24.54 46×10-3 0.95 93.45 0.381 0.986 2.34 2.54 0.959 
0.1 (Nanozeolite) 263.02 4.9×10-3 0.88 384.61 0.0338 0.993 200.5 22.77 0.945 
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Fig. 7. Kinetics models of Ca2+ adsorption by (a, d) clinoptilolite ZR, (b, e) nanozeolite First-Pseudo order, 
Second-Pseudo order and (c, f) Intramolecular diffusion. 
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Fig. 8. Linear regression line for two parameters isotherm models of Langmuir and Freundlich for synthesized  
nanozeolie(a , b) and acid treated clinoptilolite ZR (c, d) 
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Table. 4. Summarized data obtained from two adsorption 
isomers of Langmuir and Freundlich for synthesized 

nanozeolite and acid treated clinoptilolite ZR 
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Langmuir Freundlich 
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