
�� �����	 
�� ����� ����� �������� � �� ��� ! � ���" 

#����$� :&�'( ��)�#�" 

 :�(��*+�,- .�	"��.�� ��/�0 � ��12 3�+ 

 :4�5 67$�8� 

 :4�5 9���!1399 

 :.�=���(1000 �1? 

 :���@0 � 4�5���= 6��� 

 :3�A	 � 4�5 �B��C�5�- ��� 

 :�������$1D�? ��E FG��7 3�H0 I��" 

� J�K :�1? 3�- 

 :6��D 

 :����� :���- M���0 F�� ����N ��)( .�7��O F���� .�7��O F����- .��	 " �/7 F��$��	 ��7���N F.�)!115-37575 

 

����(�� : &�'(��)� F#�" 

.$�2 � ������- G�� : ��� �� �����	 
�� ����� ������� ��� ! � ���" F����� � &�'( ��)�.#�" 

��� S� T�	 : .�)!F *+�,- .�	"��.�� ��/�0 � ��12 3�+F 1399 . 

3�+�B S� T�	 : 175 .U :F�$ 	 F8��? ���$�. 

�7�( :  8-0-97169-622-978 

���$� 6��)� 6�/�� : �Y�� 

�10 .$�2 : ��� �� �����	 
�� ����� ���������� � �� ��� ! � ���" 

�Z�� .$�2 : ����� � �� �� .� 3�+��7��[ � �����	 
�� 

\$�$	 : ����� ���"—����� ��� !—�����	 
��  

\$�$	 :  Forward osmosis—Desalination—Wastewater treatment  

6(���� : #]�.�	�� 

#��
� ����( : "���@� F��?�! 

#��
� ����( : *+�,- .�	"��.�� ��/�0 � ��12 3�+ 

�#�Z�[ 3��7 #� : TD442/5 

��$�� 3��7 #�� : 628/1622 

���[ #���( ����(	�1 : 7369269  

  

  

  
  
  

*+�,- .�	"��.�� ��/�0 � ��12 3�+ 



6��)� IE�{	 

 
1. 
�� ���	�� :8$0 � +��	�� .................................................................................................. 1 

1-1 
�� ........................................................................................... 1 

1-2 ����+��3 
�� ���	�� ....................................................................... 3 

f7��	      ........................................................................................... 8           

2. 8���� G�? �� 
�� ���	�� .................................................................................................... 9 

2-1 ��( �� � ��� ................................................................................. 9 

2-2 ��-��
�.$ �s1�� ........................................................................... 12 

2-2-1 8�	 ����� ��-��
�.$ �s1�� ?��O� .......................................................... 15 

2-2-2 8�	 ����� ��-��
�.$ �s1�� 1O�� ........................................................... 18 

2-2-3 8�	"��3 .............................................................................................. 26 

2-3 ��( r$'/	 ��� ............................................................................. 28 

2-4 d(��"��3 pg!�� �+��	��-3 ����� �7 ��( �� 
�� ���	�� .................................. 31 

2-4-1 pg!�� ��	��- ���O��3 ................................................................................ 32 

2-4-2 pg!�� ��!�� �� ....................................................................................... 34 

2-4-3 pg!�� ��!�� ��� ..................................................................................... 35 

2-4-4 -��+�	�3 )7���"��3 ���3 
�� ���	�� ....................................................... 37 

2-5 f�?��73 ..................................................................................... 39 

f7��	     ........................................................................................... 40 

3 .���+�3 
�� ���	�� ......................................................................................................... 45 

3-1 N�K� ���O�� � ����(�� �+���3 
�� ���	�� ............................................. 45 

3-1-1 x�� 
=�*��= ......................................................................................... 46 

3-1-2- x�� ��-�.�d ......................................................................................... 47 

3-1-3 ����(�� ��� .......................................................................................... 48 

3-2 �+���3 .����	�� ���$---����$ )!�� #�( �7 `�� Z����� "��3 .............................. 50 

3-2-1 �+���3 ���
E$1� .................................................................................... 51 

3-2-2 �+���3 1-�
�7���8�"� ............................................................................ 56 

3-2-3 �+���3 1-�	���-���� .............................................................................. 58 



3-3 �+���3 I[�	 ................................................................................ 59 

3-3-1 �+���3 I[�	 x��t"�� ............................................................................. 62 

3-3-1-1 � T�	�+3 �p$	 �� )!�� x�� ��-�.�d �+���3 
�� ���	�� ........................... 65 

3-3-1-2 S� T�	 x�� 
=�*��= 
�� ���	�� ....................................................... 68 

3-3-1-3 �@!�S�� �� 	"��� 6O�� �+���3 I[�	 x�� t"�� 
�� ���	�� ....................... 75 

3-3-2 �+���3 x���7x�� .................................................................................. 112 

3-3-3 �+���3 "�6�1�!�� ................................................................................ 114 

3-4 f�?��73 ................................................................................... 116 

f7��	     ......................................................................................... 117 

4 .8$1@	 #���[ �� ����+��3 
�� ���	�� .............................................................................. 129 

4-1 /	��+��3 1[� ���T� 8$1@	 #���[ I���	 ................................................ 129 

4-2 ��=,��+3 8$1@	 #���[ �pa	 �7 ��'1�2 
�� ���	�� ..................................... 131 

4-2-1 ��=,��+3 G�2 8$1@	 #���[ .................................................................... 131 

4-2-2 ���� ��=,��+3 8$1@	 #���[ ................................................................... 133 

4-3 ��dK��73 8$1@	 #���[ 
��3 ........................................................... 133 

4-3-1 [�!�S�d ��� ......................................................................................... 146 

4-3-2 [�!�S�d E�� ......................................................................................... 148 

4-3-2-1 [�!�S�d lH	3 ................................................................................... 148 

4-3-2-2 ����+3 E�� ..................................................................................... 149 

4-3-2-3 8�N�+3 �7 d{D�6 b7�D$/!�� ............................................................... 150 

4-3-3 [�!�S�d ��/	� ...................................................................................... 152 

4-3-4 [�!�S�d 
���3 �?�� ............................................................................. 155 

4-3-4-1 S��$��� K��H	��� ��6��� ................................................................. 155 

4-3-4-2 [�!�S�d �7 �-�� 2-�	�b ���8�"� ........................................................... 158 

4-3-4-3 1-�E���'E�6�+3 ���� 1-��[�1�� ��� .................................................. 158 

4-3-4-4 ���- �$( 
�� r$'/	 ....................................................................... 160 

4-4 f�?��73 ................................................................................... 161 

f7��	     .......................................................................................... 162 

#]��	��  .......................................................................................... 169 


