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Abstract − A magnetic fluid separation is applied to the advanced treatment of sewage for removing the suspended solids

which discharged as being entrained in the effluent from the final settling pond. In this study, the correlation with the concen-

tration of suspended solids in the sewage and COD, with the solid concentration and turbidity, and the effects of operating

parameters on the removal of the pollutant materials from the sewage were investigated. It is expected that COD and turbidity

in sewage can be reduced by the removal of suspended solids in the sewage. And in result, turbidity was most strongly affected

by the removal, and followed by ICOD and TCOD. In the present study, the concentration of suspended solids, TCOD and tur-

bidity could be kept below 20 g/m3, 60 g/m3 and 16 NTU, respectively. The feasibility, therefore, of the magnetic fluid sepa-

ration as an attractive technology for the advanced treatment of sewage was verified. However a special treatment for the extra

reduction of TCOD in the clarified sewage is necessary.
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 1�� 
��� ���� �� � 4-5%�

��� ���� ��. 1980��   � 10,000! m3/"�#$ ��%

�� &��� 1990� '(�) � 15,000! m3/"*+ ���,- .

/0�(� 2,600! m3/", 1997), 1.0�(� 200! m3/", 1997)2�

34 5� %!, 6�� 789 �:;<=) >�?@� AB>� �

� ��. ��%�� 78 CD) E 0�� FG HI J�K ���

� LM �N� OP) 78Q%) �R SI J��. TU VP�W

�) %�X  YZ<V[\]) ���) ��7�^ _` YZa �

bW Mcd e+, fg 2� hI 'ijk_� lmn1?m] YZ

%) o� pq� D<rs�- tu%�) �v� A<�� ��[1].

��7�^ YZ%) wx� ey z;{) |� �Q}� 7�� Y

Z�+ ~� ��� w��) �A�� �� ��� �� ��7��

��� ;R�� }� � ���^ ey���K � e�m] �� Y
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���
��������
�\� VP ��;� ���� ��[2]. ��� u�YZ z;{�-

 �¡ YZw�\]-) �¢£�+x� R�¤ ¥�w�� ¦��¢

£�+ w�, �?§x� ¨©¥� w�� |� �Q}9 ª+%� �

�. «¬ 2ª YZ� '�) O�? ­®9 ��] %) O�� Q¯

?@(suspended solids, SS)� ¥3�W ��. �° Q¯?@I �¨t

� BOD>� ± ²[ M³
, Q¯?@� ��\] ¥3�W �) @

;�´� µ¶� �G BOD ·z< @;� ©��W YZ�� BOD

^ S�) >�� ��D ��[3]. ¸� > 7� � 1, 2ª YZ� _

` Q¯�¹?@� COD� �(P) A|� �W- º »�9 O¼�)

«�D ��[4]. Q¯?@� �� �@½%] �G 7�z; <V �

u�z;{� 2ª YZ�^ �¨t\] w�� �@��(Q¯?@: 20

g/m3, BOD: 20 g/m3)*+ ¾¿�� À+ ~�. Á�K rskAP�

�ª 5;�� 2000� 1Â 1"QÃ) �� Q�Ä9 ÅQ%� ���

¿� YZ<V 2\] � e�m] ���� 78zD^ H¿) o�

sAt QÆ� Çj�D "{^ a o��[5, 6].

7i0�q Q¯¢ ̄ �?@9 A|%)È É�9 ¾Ê �DYZ w�

\]-) 
:Ë�x, §}Zx, ÌÍÎÏx 2� �\K, ÐÏ � ¯+

�Z �A ��� �Q}� 'ijk_ YZ<V�-) _ÑË�x9 �

¶%Ë 2ª YZ�'� Q¯?@9 A|3\]Ò BOD, COD� �DY

Z^ %�D ��. ��� Ë�xI ÎÏx� FG A|ÓÔI S+[ �

�7�� sÕ�) ¯Ö� CD� ×;� 	
 ØÙ ×Ú� �%�, Ë�

��� g� 2\] �G ÐÏF� SM+) �A�� +t�� ��.

Ë 2[7]I Q¯�¹?� ¥3¡ 0� '� �¢ O}�^ ÛÖ%Ë

g(%, Q¯ �¹?� �¢ O}�¤� van der Waals Ü� hI Ì

ÍÙ� µ¶%Ë Q¯ �¹?� ¦,� ��� �¢ O}�� QÝ¡

�¢ ­Þ� ¹¢�� Fig. 1�- «) 6� h� ßà�� áâ� V

P� �ãä\] �°9 �Ú<å ¥Í }Z%) w�\] 0�q Q¯

�¹?9 ÓÔt\] ÁZ� ¤e%æ A| �ç39 èé 6 ��.

ê ëì�-) 7�q Q¯?@ �< E 0�q Q¯ �¹?� Ú"

%æ %K� }�] «) ���- �� hI �¢ ¯�}Z �í9

7�� �DYZ� t¶3� �W-, 2ª YZ�� îU%) Q¯ �¹

?� CD� COD ÁZ� ïD�� �N^ {ð%�, �¢ ¯�}Z�

�� 7�q Q¯ �¹?� A| �ç¢9 ñ�%�� ��. �W-

7�q Q¯�¹?� A| ò¢� �� {/×�� »�9 �ót\]

ô�%Ë 7�� �DYZ¶ �¢ ¯�}Z VF� �� tz {/{

n� A<^ õt\] ��.

2. ���� 	 
�

2-1. ����

ê �ó� ð¶� �¢ ¯�}Z RP) Fig. 2�- «) 6� h� �

¢ ̄ �}Zö, 7�� �¢O}�� g(÷ø, ùu�(7�+�¢O}�)

B
 úû, �ã �d 2\] ì¢�W ��. �¢ ¯�}ZöI �s�

5 cm, S�� 1 m� Møü�\] Aµ�#�. 7�� �¢O}�� ùu

�) g( ÷ø]QÃ úû^ s¯%Ë �¢ ̄ �}Zö� %Q] ̄ Ö�

W �Q] ßý) ������. ê �ó�- ð¶� �ãI �] 2.3 cm,

�] 4 cm, ̀ 4 0.9 cm� �þ,�¹�� ¦,�Ù� 1,000 Gauss� �

5D »ì�ã��, �ã �d) �ã 3l^ �� �¢ ¯�}Zö� á

â >�^ 	
 120D� �D] �P%Ë ì¢%ÿ�. �ã �d) 1

w� � 0.15 m� ¤�\] 5e� VP�W �\� 7�� �¢O}��

ùu�) �°9 eNt\] ¬�%,- zA�æ ¡�.

2-2. ����

ê �ó� ð¶¡ 7�) A �fgq ¨© .;x9 �¶%) 7�

YZR� �XÎÏ YZ � ���, � 2ª YZ�] �I �� z�

t\] �Ú�� �) sÕ�[  �%ÿ�. �� hI 7�� "z�

� �¢ O}�^ ÛÖ%� � 700 rpm� :D] 5} zD g(<å

�F¡ ùu�) peristaltic pump� �G �¢ ¯�}Zö� %Q]

¯Ö<å Fig. 1� h� �Q] ßýæ %ÿ�. Bö ��¯:I 0.23-

0.86 cm/s(ùu� B
:D: 0.27-1.01l/min)� ���- {	%ÿ�. �

¢ O}�]) ô´ Ös� 3.2µm� <�¶ 
Á�E�d^ ð¶%ÿ

\�, Q¯�¹?� �� �¢ O}�� @�F) 0.5-2.1� ���-

{	%ÿ�. � {n�-� �ó<¤I � 30} zD] %ÿ�, <�

 �) � 10} ¤�\] 2
] %ÿ�.

7�� �¢ ¯�}Zö9 ¬�� YZ�q Q¯�¹?� CD)

ASTM D2540� �G,;ft .j �ì�(COD)I Open reflux method

(K2Cr2O7 method)� �G, ïD) HACH 2100N Turbidimeter̂  �

¶%Ë, ÖD) SHIMADZU SALD-20019 �¶%Ë }ã%ÿ�.Fig. 1. Principles of magnetic fluid separation.

Fig. 2. Schematic diagram of experimental apparatus.
1. Magnetite 6. Magnet set
2. Sewage 7. Clarified water
3. Mixing tank 8. Valve
4. Pump 9. Magnetite+SS sludge
5. Magnetic fluid separation column
���� �38� �5� 2000� 10�
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3. �
 	 ��

3-1. ��	 
�

Ë� ª�� ��  �� 7�� ?¢I Table 1� h�. 7�� �

@ ×;�  �� <�m] º J�#)È �) fgò¢� ����

� "z%+ ~� ��\] «��. ê 7�YZR� �W- 7��

ô´ �@I Q¯�¹?� CD� 94 g/m3, TCOD� 140 g/m3, ICOD

� 87 g/m3, ïD� 49 NTU ÁZ� pH� 7.48] w�� �@ ��

\] �DYZ� �ì�) ����.

Fig. 3I 7�� �@, � TCOD, ICOD ÁZ� ïD� 7�q Q¯

�¹?� CD�� ���N^ KE� o��. TCOD, ICOD ÁZ�

ïD� W� sÕ�K Q¯ �¹?� CD ��� 	
 F�t\] �

�%), � ��t� �N^ «ÿ�. 7� '� Q¯ �¹?� CD�

�� TCOD, ICOD � ïD� F) � 1.49, 0.92 ÁZ� 0.52], �]

Ò TCOD� Q¯�¹?� CD� �R �¨� �N^ �� ��9 �

� ��. ¸� ICOD/TCOD� �I 0.62] Ï� ¯�?@ '� Ö�

� ¯�?@� � 62%��, K�+ � 38%� ¶G¢ ¯�?@] î

U%� ��. �� hI 7�� �W- Q¯�¹?� CD Çj� 	


 TCOD, ICOD, ïD) �� 0.67, 0.74, 0.98� ���] �� �

�t\] Çj%) s�9 «ÿ�. �) z;{ 2�- �X ÎÏ{

� 7�� ¥3¡ Q¯ �¹?9 �DYZ 29 ¬G A|%æ �,

COD� ïD� Çj^ ��� w��� �@9 ��<  � ��9

�O%�, �� A|Ó�) TCOD, ICOD ÁZ� ïD� !-] SM

@ o\] ��¡�.

3-2. �� 
�	 ��

Fig. 4) 7�q Q¯�¹?� �¢ O}�] ð¶¡ 
Á�E�d�

ÖD}¥^ KE� o��. ô´Ös 48µm, ��s 154µm� 7�q

Q¯�¹?I 0.41-468µm� Fgt "I ÖD}¥^ �+� �)È

Ë�- Àæ ÎÏ�+ ~), � Stokes »�� G��) 100µm�%

� Q¯ �¹?� � 70%̂  ª+%� �W �ëÎ5� �� 7� z

;� T�t\] �Õ W#Ð {n��. �¢ O}�]Ò� 
Á�E�

d) ô´Ös� 3.2µm, ��sI 3.4µm] 7�q Q¯�¹?�)

ÖD}¥ � ô´Ös�- $%� ª�^ «�� ��. 7�� 
Á�

E�d^ ÛÖ%Ë g(%ÿ9 � ¹¢�) �¢ ­ÞI Fig. 5�- «

) 6� h� º Ö�, � Q¯ �¹?� ¦,� ��� µI Ö�,

� 
Á�E�d� QÝ� ¹&] KE'�. �� hI �¢ ­Þ�

áQ�- �R9 �#9 sÕ� ¦,� QÝ¡ 
Á�E�d� �;�

,- Ï�t\]) �¢ ­Þ� %K� �;�� �W �ã� QÝ ¥

Í�) o��.

3-3. ������/�����	 ���	 ��

Fig. 5�- «) 6� h� ê ëì� �¢ ¯�}Z�-) ` X�

� }�, � 7�q Q¯ �¹?� W( X�� �¢ O}�� )
K

ÁZ� W*æ QÝ�W �)�^ �ê\] %� ��. 	
- Ó�t

\] Q¯�¹?9 A|%� �G-) Q¯�¹?� ¦,� 5�¢ O

}�^ L�, ÁZ� 5Ù%æ QÝ<å �;¢� SI �¢ ­Þ9

¹¢<å+ ��.

�¢ ­Þ� ¹¢�) van der Waals Ü(Fvw)� hI ÌÍÙ�, Á

Z� �¢­Þ� ¥Í�) �¢Ù(Fm)� �N¡�. ̀  }�ð�� |Z

� r� sÕ �° ð�� µ¶%) van der Waals ÜI � (1)� h

�, (+à� a� Ö�� �G+) �¢ÙI � (2)� h� z�¡�.

Fvw = α r−2 (1)

Fm= (2)

	
- "z� �R, H� �#9 � "z� Q,� Q¯�¹?� ¦

,� QÝ�) �¢ O}� -� ��� 	
 ` }�ð�� |Z�

.W°W ÌÍÙ� 5G+� ¸� �¢ ­Þ� Q,� ��%æ �

W �¢Ù� /+,- 0 Àæ �ã� ¥Í�æ ¡�.

2
3
---πa3µox∇ H2( )

Table 1. Characteristics of effluent of the final settling pond

Items
Value

Range Average

SS(Suspended Solids), g/m3

TCOD(Total Chemical Oxygen Demand), g/m3

SCOD(Soluble Chemical Oxygen Demand), g/m3

Turbidity, NTU

28-268
64-365
18-120
14-130

94
1400
53
49

Fig. 3. TCOD, ICOD and turbidity vs. concentration of SS in effluent of
final settling pond.

Fig. 4. Particle size distribution of suspended solids in the effluent of
final settling pond and magnetite powders.

Fig. 5. Photos of floc before and after magnetic flocculation obtained
from microscope(�400).
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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��������
�J, �¢ O}�� ÛÖ� ��) �¢ O}�� ÛÖ F¶I ?1

23t\] �¢ ­Þ £4+� &�9 ��<=æ �W �°� 5�

� n{ ÁZ� 
� 2 �YZ Bz�-� YZ Q%� /+æ �)

�A� ��. Á�6] Q¯�¹?� A|ÓÔ� F¶� - ·,9 �

#%Ë 7�q Q¯�¹?� -9 ��%Ë �¢ O}�� tz ÛÖ

F^ 7z%) o� �Õ '�%�.

�� hI ���- 7�q Q¯�¹?� CD, � 7�� e� Q,

� ¥3�W �) Q¯�¹?� @�� �G ÛÖ�) 
Á�E�d�

@�F� 	
 7�q Q¯�¹?� CD, TCOD ÁZ� ïD� ×;

^ c8%) oI �Õ '�%�.

Fig. 6I 
Á�E�d/Q¯�¹?� @�F� ×;� 	9 Q¯�¹

?� CD ×;^ KE� o��. �� 7�q Q¯�¹?� CD)

72-187 g/m3�#\� Bö ��¯:I 0.23 cm/s� 0.56 cm/s] %ÿ�.

Bö ��¯:� 0.23 cm/s sÕ�) ê �ó�- �� 
Á�E�d/

Q¯�¹?� @�F ��� �Nb� YZ�q Q¯�¹?� CD)

� 20 g/m3�%^ «�,- w�� ��� 20 g/m3^ [:%) 7�^

«ÿ�. Bö ��¯:� 0.53 cm/s] SM� sÕ, 
Á�E�d/Q¯�

¹?� @�F� 1 �%�-) YZ�q Q¯�¹?� CD� � 40 g/

m3*+ ��%) s�9 «ÿ\K 
Á�E�d/Q¯�¹?� @�F�

��%,- YZ�q Q¯�¹?� CD� �ª HM� @�F� � 2

zD �#9 sÕ�) w�� ��� 20 g/m3^ [:39 � � ��.

Fig. 7� 8I �� 
Á�E�d/Q¯�¹?� @�F� ×;� 	9

7�q TCOD� ïD� ×;^ KE� o��. �� 7�q TCOD)

100-220 g/m3, ïD) 48-96 NTU�#\�, Bö ��¯:I 0.23 cm/s

� 0.56 cm/s] %ÿ�. Fig. 3�- ;·��] 7�q Q¯�¹?� C

D� Çj3� 	
 TCOD� ïD� _` Çj%ÿ�. 
Á�E�d/

Q¯�¹?� @�F� 1�%�- TCOD) 60-80 g/m3, ïD) 8-22

NTU� (,, 
Á�E�d/Q¯�¹?� @�F� � 2*+ SM+,

- TCOD) 40-60 g/m3, ïD) 8-14 NTU*+ HM<�. � sÕ �

� �\] N.�) A|ÓÔI TCOD� sÕ� ô´ 69%, ÁZ�

ïD) ô´ 85%] �) 7�q Q¯�¹?� A|< ïD� A|Ó

�� TCOD� sÕ«� S�9 KEq) o\] �) Fig. 3�- ;·

� 7�� "P%ÿ�.

Removal Efficiency(%) = (3)

3-4. �  !"�#	 ��

Fig. 9) Bö ��¯:� ×;� 	9 7�q Q¯�¹?� CD ×

;^ KE� o\] �� Q¯�¹?� CD) 72-187 g/m3, 
Á�E

�d/Q¯�¹?� @�F) 0.5, 1, 2] %ÿ�. ê �ó�- Bö ��

¯:� �� �\] �� 0.86 cm/ŝ  ��< S�� 100 cm� �¢

¯�}Zö q �Ùft ��<¤I � 1.9}, ÁZ� 7�� YZ:D

) � 1.4 m3/"��. ê �ó{n�-) 
Á�E�d/Q¯�¹?� @

�F� 0.5� sÕ Bö ��¯:� 0.24 cm/s�- 0.55 cm/s] SM+

,- Q¯�¹?� CD� � 20 g/m3�- � 40 g/m3*+ ���#+

[ 
Á�E�d/Q¯�¹?� @�F� 1-2] ��%,- YZ�q Q

¯�¹?� CD) Bö ��¯:� ��� �Nb� 12-20 g/m3�-

Fgt "zG=9 � � ��. ê �ó�- �� Bö ��¯: ��

� ¯�Ù� »�%�- 7�q Q¯ �¹?� �¢ ¯�}Z^ ¬�

A|� �ì�) 
Á�E�d/Q¯�¹?� �j @�F) � 1] �

�I Q̄ �¹?� CD� 1,500-4,200g/m3� �A 1.0�K 295-670g/

Ci Co–
Ci

---------------- 100×

Fig. 6. Effect of magnetite/SS mass ratio on the changes in concentra-
tion of SS.

Fig. 7. Effect of magnetite/SS mass ratio on the changes in TCOD.

Fig. 8. Effect of magnetite/SS mass ratio on the changes in turbidity.

Fig. 9. Effect of superficial liquid velocity on the changes in concentra-
tion of SS.
���� �38� �5� 2000� 10�
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m3� -WR !r�� �¢ ¯�}Z�-� 7��D "P¡�[8, 9].

3-5. TCOD$ ICOD	 %&

7i 0� '� îU%) ̄ �?� >�9 KEq) >;ft.j�ì

�(Total Chemical Oxygen Demand, TCOD)I Ë�� '� ¥3%) ¶

G¢ �̄?@ ¢}� G��) o(Soluble Chemical Oxygen Demand,

SCOD)� ?¶¢� Ö�� ̄ �?@ ¢}� G��) o(Insoluble Chem-

ical Oxygen Demand, ICOD)\] }�¡�. 	
- >;ft.j�ì

�, TCOD) � (4)� h� KE@ � ��.

TCOD = SCOD + ICOD (4)

Fig. 10I 7�� �¢ ¯�}Z^ ¬� YZ Ï� �� �W- TCOD'

ICOD� SCOD� ×;̂ KE� o��. �¢ �̄}Ẑ  ¬G TCOD

) YZÏ� 70-350 g/m3�- 40-80 g/m3\] HM<�. �� YZ �

� 7�q ICOD/TCOD� F) 0.23\] �̂  YZÏ� 7�q ICOD/

TCOD� F� 0.62� Fg%, �¢ ¯�}Z^ ¬G Ö��� ?¶

¢ ¯�?� A|�,- Ï�t\] TCOD� Çj^ �� A�9 �

� ��. �J YZ Ï� �� �W- SCOD� Çj) �Õ OO�

È �] �G YZ�� 7�q TCOD' SCOD� ª+%) FÔ�

YZ Ï� FG � 2�] SM<�.

3-6. �����	 '($ TCOD, ICOD ) *($	 +%%&

7�q Q¯�¹?I Fig. 3�- «) 6� h� 7�q COD� ï

D� º »�9 OP� ��� Q¯�¹?� CD ×;^ «� 78?

� A|zD^ ¿za � ��. Fig. 11I �¢ ¯�}Z] YZ� 7

�q Bî%) Q¯�¹?� CD� TCOD, ICOD � ïD�� ��

�N^ KE� o��. Q¯�¹?� CD� �G TCOD, ICOD, ï

D _` YZÏ� 7��-� 
C�+] ��t� �N^ «ÿ�. �

¢ ¯�}Z^ ¬� YZ�q Q¯�¹?� CD Çj� 	
 TCOD,

ICOD, ïDD �� 0.35, 0.77, 1.05� ���^ �� Çj%) s�

9 «ÿ�. Table 2�- «) 6� h� 7�� YZÏ� YZ� _`

Q¯�¹?� CD ×;� �G ïD� »�9 �R L� D�, ICOD,

TCOD !\] »�9 �%æ D) o\] KE'�. 7�� YZÏ�

YZ�^ Fg%, Q¯�¹?� CD ×;� �G ICOD� ïD� Ç

j ���) YZ ËQ� �Nb� |� Ú"� �9 «�) (, TCOD

� sÕ�) YZÏ� � 0.67�- YZ��) 0.35] øæ Çj%ÿ

�. �) �¢ ¯�}Z� �� 7�� �DYZ�- Bö ��¯:�

ÇjK 
Á�E�d/Q¯�¹?� @�F^ ��<å YZ�q Q¯�

¹?� CD^ ¿�] H¿WD TCOD� Çj Ó�) ø+ ~�9 �

O��. �� hI T�I TCOD� �� Q}� SCOD] îU%�

�W Q¯�¹?� �¢ O}�ð�� ­Þ ¹¢9 ÏA{n%) �¢

¯�}Z� t¶� A� D� ����. 	
- �@ rs78� ��

kA 5;� �F%Ë YZ�q TCOD� �9 0E H¿� �G-)

SCOD̂  ì¢%� �) ¶G¢ ?@9 ?¶¢\] 6�F+ ÌÍ, §

}Z, Ï�}G 2 mD� wx� 5ì�W+ ��.

4. � �

7�� O�?� �� .;YZ< ÎÏ{�- ÎÏ�+ G�   w�

�� ¥3�W ���) Q¯�¹?9 "(t� 0�q Q¯�¹?�

Ú"%æ %K� }�] «) ���- �°� A|, � 7�� �D

YZ� 0�q Q¯�¹?� �¢ ¯�}Z �í9 t¶G «H�. z

;{� �X w��, � 2ª YZ�� îU%) Q¯�¹?� CD�

COD � ïD�� �N^ {ð%�, �¢ ¯�}Z� �� �°q 7

8¢}� A|� �� {/×�� »�9 ô�� ê ëì�- IW�

71I ��� h�.

(1) 7�q TCOD, ICOD ÁZ� ïD _` Q¯�¹?� CD�

�¨� �N^ «ÿ\�, 7�q Q¯ �¹?� CD Çj� 	


TCOD, ICOD, ïD) �� 0.67, 0.74, 0.98� ���] �� ��t

\] Çj%ÿ�. �) �X ÎÏ � 7�� ¥3¡ Q¯�¹?9 �

DYZ 29 ¬G A|%æ �, COD� ïD� Çj^ ��� �@

9 ��<  � �\�, �� A|Ó�) TCOD, ICOD ÁZ� ïD

� !-] SM+) o\] KE'�.

(2) 
Á�E�d/Q¯�¹?� @�F� 1��� sÕ, ê �ó�

Bö ��¯:� {n�- Q¯�¹?� CD) 20 g/m3, TCOD)

Fig. 10. ICOD and SCOD vs. TCOD in influent and effluent of mag-
netic fluid separator.

Table 2. Correlations between SS and TCOD, ICOD, turbidity in influent and effluent

Items
Influent Effluent

Slope R2 Slope R2

TCOD(Total Chemical Oxygen Demand), g/m3

ICOD(Insoluble Chemical Oxygen Demand), g/m3

Turbidity, NTU

0.67
0.74
0.98

0.75
0.61
0.94

0.35
0.77
1.05

0.53
0.51
0.72

Fig. 11. TCOD, ICOD and turbidity vs. concentration of SS in clarified
water.
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60 g/m3, ïD) 16 NTU�%] ¯+a � �W 7�� �DYZ �í

]Ò �¢ ¯�}Z� t¶ �ç¢9 ñ�%ÿ�.

(3) 7�� �¢ ¯�}Z YZ�q Q¯�¹?� CD^ ¿�] H

¿WD TCOD� Çj Ó�) ø+ ~H)È �) YZ�q TCOD�

� 77%� ¶G¢ ¯�?@�� ����. 	
- �@ rs78� �

� kA 5;� �F%Ë ¶G¢ ¯�?@� YZ� �� mD� wx

� 5ì�W+ ��.

����

a : radii of particles [m]

Ci : concentration of pollutants in the influent [g/m3]

Co : concentration of pollutants in the effluent [g/m3]

Fvw : van der Waals force [N]

Fm : magnetic force [N]

H : magnitude of the magnetic field vector [A/m]

ICOD : insoluble chemical oxygen demand [g/m3]

r : distance between two powders [m]

SCOD : soluble chemical oxygen demand [g/m3]

TCOD : total chemical oxygen demand [g/m3] 

α : van der Waals constant for attraction [Nim2]

µo : permeability of free space(4JK10−7) [V s/Am]

χ : volume magnetic susceptibility [-]
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