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Abstract  
Some problems exist regarding this industry such as high water consumption, wastewater 
treatment and recycling. In this study, stone-cutting industry recycling and reuse by using 
hydrocyclone in different operational conditions have been investigated. The effect of 
operational parameters such as pressure drop and suspension concentration on separation 
efficiency of two kinds of hydrocyclone with different geometries in experimental conditions 
has been investigated. Experiments were designed with response surface methodology (RSM), 
CCD model using Design Expert software. Travertine powder particles with particle size less 
than 200 µm were used and particles size was measured by Particle Size Analysis machine, and 
particle shapes were imaged by SEM analysis. By increasing input pressure, the passing flow 
rate of hydrocyclone increased and the maximum flow rate for hydrocyclones type 1 and 2 were 
203 and 268 ml/s, respectively. The results showed that the separation efficiency increases by 
increasing of input pressure. Analysis of results demonstrated that the best separation efficiency 
for hydrocyclones type 1 and type 2 were 90% and 90.4%, respectively. According to a 
comparison between hydrocyclone method and the traditional method of water recycling, it is 
concluded that hydrocyclone method reduces the water and energy consumption in stone cutting 
industries and is an economical and optimum method for wastewater recycling and water reuse 
in stone cutting industry. 
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Fig. 3. Experimental setup: 1. Hydrocyclone 2. Tank 

3. Control valve 4. Electro pump 5. Barometer  
6. Flow meter 7. Agitator 
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Table 2. Experimental results for the travertine stone powder 

Row  Headloss 
(bar) 

Concentration 
(%) 

Hydrocyclone 
1 flow 

intensity 
(ml/s) 

Hydrocyclone 
2 flow 

intensity 
(ml/s)  

Hydrocyclone 1 
separation 

efficiency (%)  

Hydrocyclone 
2 separation 

efficiency (%)  

1  1.75  1 168  193  89.9  88.7  
2  0.87  1.6 125  136  88.5  86.9  
3  2.63  1.6 176  250  90  90.4  
4  0.5  3 103  113  85.8  83.2  
5  1.75  3 164  193  88.4  87.4  
6  1.75  3 168  197  89  87.7  
7  1.75  3 165  192  88.7  86.8  
8  3  3 203  268  89.3  90.2  
9  0.87  4.4 115  133  87.2  86.5  
10  2.63  4.4 175  245  88.7  88.8  
11  1.75  5 163  185  87.2  86.2  
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Fig. 4. Effect of operating parameters, pressure drop and concentration on separation efficiency 

 a) hydrocyclone type 1, b) hydrocyclone type 2  
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Fig. 5. Separation cut size d50- a) hydrocyclone type 1, b) hydrocyclone type 2 

 LM�[3  I	�
 �� ��	�
�9d50  z(a  �5+
 v#� �#A���+����(b C+� v#� �#A���+����  

  
�3C3 5�� � &6
M!���"!� 5�� 	/%�*� �6P6� ?��  

    
��R
 ��� �	�� ���	$�	) �� ��'#  ����� �� �9#  	� �-*� E+� ��
��
 (�*-� �	��G-�
) �My#R �
�*u .  ��  �
 ����   �
 /
�r �*��(�

/�� �) �My#R �
�$�    ��  �
��� ��-�(�� ��	� �	��   /
�r �*��(�
��
�� ���� ��   ����	$�	) ���� ����D� 0�	F-���
 �
���� ���!;+�-�'
 �A����+

 ��� 0��
��@�	�     ��  �	��G-��
 �$	�� .�#��    �-*�� E+� �� �*��(�
�� ��� ��� + ��G�  ����� 5	L�
 c2	� �� �*��	�� + �#�   �	�b�

 ��	
��
��  �� #;� + �D' ���) \($��
   + ��	�,-.
 �H� �
 �)
    ��� ��F�,  ��*

�� �#�u .��
� ��	
� /1�(� �� ^�,�   /�#�Z

 ���
 �	
�9 �� �(�!� + �-%� O-%���  ��    ��� /
�r �*��(�   /�#�Z
  C	�D�
 &�	) ��!�  �#��  /
�r �+	�R �� +�     0���
��@�	� ���	$�	) ���

���� ��  c��2	� ���) �#���U �j*��� ����'#  ���� ���F*� ��T>�	��m  �

�	��)
0	S-�� �
 + E�� �	�0	S-�� x16-�
 >

� �� 	� gw#!�� .�#�   ���

a  	 f �
w �� �	� \
 �-F�    	��G-��
 ���+�   ���
 �	���  E+� �� ��)
    ��; + �G�� /	��A!2 ��

 �-*�   ���
 ��*
�� .  ��	��
�9 E+� ��

 �

 [
	-� �� �9#  	� �#A���+���� E+� �� /
�r>�+?;�� �  �
# 
 g	�
�W  ����	� 	� 
� �
� /
�rpq   �	��
�9 ��Z��  .���) � �	�8' �
 

�	,-.
��   �M�y#R ^:�R �� �9#  	�  	���  ��   �(��*�  + ��*�6�   ��	��

0

0.5

1

1.5

2

2.5

3

3.5

0 10 20 30 40

Pr
es

su
re

 (b
ar

)

d50

d50 under d50 over

0

0.5

1

1.5

2

2.5

3

3.5

0 10 20 30 40 50

Pr
es

su
re

 (b
ar

)

d50

d50 under d50 over

a) b) 

a) b) 



7�F' #�"� 5#�[2)� � ;���
�*...                                                                                                                                   dx.doi.org/10.22093/wwj.2019.185329.2862  
 

 

153

����� � �� 	
��                                                                                                                                Journal of Water and Wastewater 
 
����� 
���� �� ��� �����                                                                                                                                                               Vol. 31, No. 3, 2020 

�� �-� �
�
����� � E+��#A���+��� ���*
 '+
 ���  �	�9 +�  �%��	� 
��-!m  E+� ��� ��%�  	��� � ���S
 .��
�     �
��� ��) ������ E+�

  + I��; 0	S-�� &�	� �) ��
 I�;�-A�� E+� ��
� �#9+ ��	
�	�
 �� ���	9 �
�9
��
   ���
 � 
��
+ 0	S-�� \
 �)+    ��!) ��Z��

��	$�	) �
 j*� ��*Z �	� �� ���   �	��%� ��	9 + ��'+
 �*
�� &�'�
�	
�  ���� 0�	F-�
 I�; �-A�� �
 .��
�� ��	,-.
 ��9#  + �**m  

  
C3 H1	�! ?#!X  

    �� �	��%; �
 ����	9 /
�r ��	���
�9 �
���� �#A�����+���� E+�
    ��	���� E+� 	��� ]��A-G� � 	���A!2 7

����RSM  ���R
�Q���� .

��L-�  +� �� 	6�� &�	W-� /
�T
 + �#��	��#� �HAN ��	(� ��
 �	�
���*� 	� �#A���+����   .�� ����� /+	F-� �	� 

  >
	����� &���A8  �
 &��Z	R [
	��-�    E+� �

�	��) �S�	���� 	���
   ����� �� s����	; t4���� ��	�����  ���+� �������
�-���(��  0��	����

   +� ����� �
����� ��	����
�9 0��	���� �
�-���(�� .�����
 ��	����
�9 
    �	���(� �� C+� v#���� + 5+
 v#���� �#A������+������/�   + �	����

 �#���%�	��#� ���HAN�/|  ���� �����+ ���Z��  V��� � ��  +�/�� 
���� ���Z��     �� �	��
�9 /���� + �	��(� ����
 >

����
 .����� �����

    ��	���
�9 0��	��� >

����
 c��2	� 0���� ������� � 	���A!2 7

����
��	����� [
	���-� .����� �#A������+���� v#���� +� ����� ��� ����*��  �
�

L-� ��#������� -� ��#��� � �
:��@�T
 + 	���L  ���� ����%� �	��(� ����
 ����
 �#�%�	��#� �HAN ��L-��
� �	(� 
�.  

  
[3 F1���"\  

   �
��6  �� �
��

 �!�� ���*6� + �!�� 0��(�+?; �� �>�+?; �


        ��� ��
����. + ���(  ��m�� �� �
 �A���+ ��

 ��� .��� C	D�
   .�#��

      ��!8� ��-m� + ��'	�Q#�
 ��A2 I��*6� �	
	.� �
 ��*M!�  0�
���	�.
�� ��
���. >�+?; �

 ���	�� �!T �� �� ��	�!� �
�� .�#�  

 
References 
Barros, R. J., Jesus, C., Martins, M. & Costa, M. C. 2009. Marble stone processing powder residue as chemical 

adjuvant for the biologic treatment of acid mine drainage. Process Biochemistry, 44, 477-480. 
Fahiminia, M., Ardani, R., Hashemi, S. & Alizadeh, M. 2013. Wastewater treatment of stone cutting industries 

by coagulation process. Archives of Hygienes Scicnes, 2(1), 16-22. 
Neesse, T., Dueck, J., Schwemmer, H. & Farghaly, M. 2015. Using a high pressure hydrocyclone for solids 

classification in the submicron range. Minerals Engineering, 71, 85-88. 
Ni, L., Tian, J., Song, T., Jong, Y. & Zhao, J. 2018. Optimizing geometric parameters in hydrocyclones for 

enhanced separations: a review and perspective. Separation and Purification Reviews, 48, 30-51. 
Ozyonar, F. & Karagozoglu, B. 2012. Systematic assessment of electrocoagulation for the treatment of marble 

processing wastewater. International Journal of Environmental Science and Technology, 9, 637-646. 
Seyfi Mazraeno, M., Fazlali, A. & Hosseini, S. N. 2019. Application of hydrocyclone for separation of Pichia 

pastoris produced r-HBsAg from fermentation culture: impact of concentration and pressure on hydrocyclone 
performance. Preparative Biochemistry and Biotechnology, 49(8), 813-821. 

Tian, J., Ni, L., Song, T., Olson, J. & Zhao, J. 2018. An overview of operating parameters and conditions in 
hydrocyclones for enhanced separations. Separation and Purification Technology, 206, 268-285. 

Vega, D., Brito-Parada, P. & Cilliers, J. 2018. Optimising small hydrocyclone design using 3D printing and CFD 
simulations. Chemical Engineering Journal, 350, 653-659. 

Xu, Y. X., Liu, Y., Zhang, Y. H., Yang, X. J. & Wang, H. L. 2016. Effect of shear stress on deoiling of oil‐
contaminated catalysts in a hydrocyclone. Chemical Engineering and Technology, 39, 567-575. 

Zhang, C., Cui, B., Wei, D., Zhao, Q., Luo, N. & Feng, Y. 2017. Predicting the optimum range of feed flow rate 
in a hydrocyclone using the method combined flow pattern and equation model. Powder Technology, 319, 
279-288.
 
 


