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 �� 0.102 m� �� ���	
 ��
�� ������� ���� �� � COD� ��  !"#$%. &' ()	

� ��*+,�� -.#/ 0�123  456� -.#$%. 789 :;<
= ����  >> 
?= @?�A� -

.#$AB, 456C DE� FG9 ��C 0.4 mm� HCI J�K �3  �	J? L?MK� -.#$%. �� N O


 ���� PQ= L?�	MK� ?RSC �� N NH4
+CI8 COD� ��TU � ��S� 4V/ WXY Z[#$

%. ��IQ= pH \+J �� N .]^_� PQ/ >> 20oC, 7 \+J 6-7 mg/L� �3#$%. ` !"� a8���

�� ���	
 56��
/ ����� NH4
+=  COD� !bc ��� de T8cA� -.f � g/ ,VhC ij

kl%. DE� 456C FG9 L?�	MK� -.m �� N NH4
+= COD� ��TUY �no pqrs � gl%. �

� N NH4
+= COD� ��TUm 0�456C FG9 L?MK� ?RSC pqt� uv pq#$Aw �� N NH4

+�

O
PQq pqt� uv x_#$%. �� N NH4
+= COD� ��TUm �� N NH4

+� PQ= L?MK ?RS� y

�8 z{| }~q gHY � � glAB, L?MK� �c �qSm �� N NH4
+� PQ� uv �v�%.

Abstract − The removals of nitrogenous component(NH4
+ ) and COD from the synthetic waste water have been investigated

in a three-phase circulating fluidized-bed reactor whose diameter is 0.102 m. Activated sludge which is used for waste water

treatment at the Wonchun-dong in Daejon has been employed as a microorganism. Filtered compressed air and synthetic waste

water have been used as a gas and a liquid phase, respectively. Anion polymer resin whose diameter is 0.4 mm has been used

as a fluidized solid substrate, at which microorganism has been adhered. Effects of initial concentration of NH4
+ in the waste

water and substrate holdup on the efficiency as well as amount of the removal of NH4
+ and COD have been discussed. The reac-

tion temperature, pH and concentration of dissolved oxygen have been maintained at 20oC, 7 and 6-7 mg/L, respectively. It has

been found, from the results of this study, that the three-phase circulating fluidized-bed bioreactor can be utilized as an effec-

tive scheme to remove the NH4
+ and COD in the waste water continuously. The use of substrate particle with microorganism

adhered at its surface can increase the removal efficiency of NH4
+ and COD considerably. The removal efficiencies of NH4

+ as

well as COD have increased with increasing the holdup of substrate with active microoranism, but decreased with increasing
the initial concentration of NH4

+ in the waste water. The efficiency has been found to be closely related to the combination of

the initial concentration of NH4
+ and substrate holdup in the reactor; the optimum amount of substrate has been dependent upon

the initial concentration of NH4
+ in the waste water.
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1. � �
 

��� ��� ��	
 ��
��� ������ �� 	�� ��

����  !" �#$% & '$%� ( �)*�+, -�� ./0�

� 12 345 67 89:, �� ;<� =>  ?: !@ABC 800-

1,200 m2/m3D� EF � GH+, -��0 	#� IJ ABC KLMN

� GHO, �PQR  ?: ���� ST & UVW QRX � G
 YZ

� G[[1-2]. \], ��� ����	� ̂ ��� ��	
 ��	 $< 

_` ab] cd0 e� $fg, h� �#$%i� j�k  l� 34

m� B� noC L�k G* -��C �p] ���� ��  q� �

prk GHO, st j u4L �vw xy z  G[[3-5]. nw, {<�

|VL }<~[ �8 {<L }�  ���
 ��  �p� Bd] ��

^ ��� ��	  �] u4V �� �vw xyrk G[[6-10]. j��

, stD�� ��� ��� ��	
 ��� ^����� ��.���

��C ���k G*� -��� ��] ����� ���� ��5 �

� uPQ�� �L��
 �[. 67 89: ��	 �� � ���
 {

<� �0 |V j�k �	  ?: ��r
 ��� �0 �P� �]C

�8� ��	 �� � n���� $��� ;� �]r* �[.

?:�, ��� ����	� $��C ��M�k �p�
 {<�

n�  ?: �$Q � ¡/L p�X 67 89: b�M¢ ��	

� Q� £ ���� t��� ��/¤ ���� ¥�¤ ¦,� {<�

§¨� p��
 ��	 �� � -��� ��C b��© �� uP

BH, ��MN � G
 ��	� ªv� 3«r* �[. ¬ u4 �


 �� �� n�C L# � G
 �� .����C �p�
 d� �

�z� ­®98 ��C #¯/�
 ��C �y°H,± �� .��

�� ��� ��	� ªv  ²3] 	³u4W �y�´[[11-14].

��  µ°¤ #¶��� · 2/3L ­®98� #¶���O, ­®

98� #¶W �¸�	¹"�
 ��ºB �� �»� q� �prk

GH+,[15, 16], ¬ u4 �
 ¼�½ k�¾ ��W {<, �p�


 ������ -��C Z¿MÀ �p°H,± 	�� b�BÁ �

���� ��~[ Â�BÁ ��C �y�k¾ �´[. ¬ u4 �
,

��	� d� �� z ­®98 ��� ³	UV� ���k¾�
 �

�m  �] {<� ÃL!� Ä� ­®98 ��� �¸Â� & COD

� ¡/m Ä  -Å
 Æ�C ÇÈ°H,± �� .���� �� �

���� Éi  ²3] 	³ ¾ÊW ���k¾ �´[.

2. � �

¬ u4� ËÌ  �p¤ -��� �$Í^M ÎÏ� ����Y 

� �p�
 ����� z �Ð���W ���8 d���W �p�


 Ñ�] �H, Ò�] £ ËÌ  �p�´[[17]. ¬ ËÌ  �p]

d���� Q�C Table 1  �Ó�Ô
Õ Ö¶ÎH,
 glucoseW �

p�´HO #¶ÎH,
 (NH4)2SO4W �p�´[. ¬ ËÌ �
 d

���� �Ð���� !W 1 : 1, cd�
 �p�´k ËÌ  �p

] -��� UV
 4,165 mg/L�Ô[. k�� {<,
 (×)��� 

� �Q¤ Ø�� 0.4 mmÁ ¼�½ k�¾��(DIAION SA20AP)W

�p�´HO, � {<¨¾  �����  µ°¤ -��C Z¿MÀ

LA� M¢  ?Ù -��� Z¿mC Ú��´[. {<¨¾� =ÛP

V(Ut)
 0.01 m/s�Ô[. \], ��	 �  -��� Ü$w Z¿¤ {

<� cdp}C Ý� [¼ · 15b¢� .�	¢C S* -��� Y

Å  Þ�/ rVß �´[. ¬ ËÌ  �p] k�¾��� n�C

Table 2  �Ó�Ô[.

¬ ËÌ  �p] �� .���� ��	� �àá(riser)H,
 h

�L 0.5 m�k �� Ø�� 0.102 mÁ 8�âáC �p�´k, h�L

0.3 m�k ��Ø�� 0.102 mÁ áC �ãá(downcomer)H, �p�

´
Õ �W Fig. 1  �Ó�Ô[[13-14]. ��	 �� � ���
 k

�H,
 -��� Z¿¤ k�¾��W �p�´k, }�H,
 ��

���� d���W cd] Á���W �p�´[. 	�H,
 �	

äå	,�æ çæ j�k ägQR	� �miW ¸` ��r
  Q

Table 1. Composition of the concentrated synthetic wastewater

Component Concentration(g/L)

Glucose  5.6
CH3COONa · 3H2O  9.7
KH2PO4  1.32
FeCl3 · 6H2O  0.006
CaCl2  0.075
(NH4)2SO4  2.8
MgSO4 · 7H2O  1.0
MnSO4 · H2O  0.1098
NaHCO3  2.1

Table 2. Physical property of polymer resin

Physical property

Specific gravity 1.13
Shipping weight (g/L) 700
Moisture retention 39-44
Effective size(mm) 0.401
Uniformity coefficient under 1.5
Operating pH range 0-14

Fig. 1. Schematic diagram of a three-phase circulating fluidized-bedreactor.
1. Riser 18. Flowmeter 
2. Down comer 19. Pump
3. Weir 10. pH meter
4. Distributor 11. DO meter
5. Calming section 12. Sampling valve
6. Pressure tap 13. Control valve
7. Compressor 14. Port
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¤ äå�	W �p�´[. ��	� �àá �
 }�0 	�� èé

C �p�
 {<W �ãáH, èêVß �V�´HO, {<
 ��	

�� � uPBH, .�rÔ[. Á���Á }�� }< ëìW �p

�
 uPBH, .��´HO, �	
 × ��	Á �àá  ×¨ £

�	zH, ÒírÔ[. �� .���� ����	  �p¤ $< �

�� �î
 8 L, k��´[. �� z ­®98 ��� UV & COD

� ¡/W Ú��	 ¹"� × ��	Á �àá� �¯ïH,�æ 10 cm

� ¢�H, 4ª� MÊ�ð ñC ÉÅ�´HO �ò ó �Z � p

}� MÊW �ð�´[.

]ô, ¬ ËÌ � ����	 ��� pH
 H2SO40 NaOHW �p

�
 7, ���A� ËÌ�´[[18]. �àá �� � }< �P� �

�� Ñ�] <>M¢C ¹" 0.01 m/s, ���´HO, ��	 ���

p�¯¶� Ñ�] ��C ¹" 	<� �P� 0.005 m/s, ���´[.

�� �� }<� 	<�P� Q  � {<¨¾
 Ñ�w ��/ �

´[. ËÌ� xyrA� ��	 �� � �ð¤ MÊ,�æ pH


HANNA� �õ� pH meter(Model-HI8519N)W �p�
 Ú��´k,

p�¯¶� �� DO meter(HANNA, Model-HI9143)W �p�
 Ú�

�´[. ]ô, MÊ� COD
 �#ö÷�� MÌ»  	³] 0ø¢¯

ùú  �] CODÚ�»  �" Ú��´HO, NH4
+ −N� UV


Pharmacia Biotech�� UV/Visible Spectrophotometer(Model-Ultrospec

3,000)W �p�
 @©�»(15 thed)  �" û��´[[15, 16]. ¬ u

4 � ��� ½V
 20oC, ��rÔ[.

3. �� 	 
�

3-1. ��� ���� �	 
�

��� ����	  §¨r
 {<� @A 
 �����  µ°

¤ -��C Z¿MÀ �p�´
Õ, Z¿M¢� ¡/  ?Ù -���

Z¿�üW Fig. 2  �Ó�Ô[. Fig. 2 � ý � Gþ� k�¾ @A

 � Z¿M¢� �0  ?Ù -�� ��VW IMAGE ANALYZER

(Olympus BX60)W �p�
 1,000Ò ÿ��
 �Æ�
 ~A, Z¿ ³

	 
 -��� k�¾ @A � ���
 �� ¸� á�r� �H

� · 63M¢ £  �� ���� ¥�r	 M��A� 105M¢ £ 


 �v] -��� K���C �k G
 �C á� X � GÔ[. �

£ Ñ�] .Å	¢C k��
 · 144M¢ �£  -��� LY �

v] �� �pC ~�k G
 �C á��´[. j�+,, ¬ ËÌ �


 -��� LY �v] ��C �	 M��	 M¢�æ -��� �

�� 
¶�	 $� M¢Á · 144M¢�Þ -��C Z¿M� k�¾

��W �p�
 ËÌC ËM�´[.

]ô, -��� Z¿M¢  ?Ù k�¾��  -��� Z¿�C Fig. 3

  �Ó�Ô
Õ, -��� Z¿�� � (1)  ��
 i¯�´[.

(1)

Z¿M¢� KL  ?Ù -��� Z¿� KL ��� Fig. 3 � á

�¤ �0 �� Z¿ ³	 
 Z¿�� 8× -·�2 KLW �[L

20M¢ £�æ
 Z¿�� �
w KL�
 · 80M¢ �£  ���

2 KL�
 �C á� X � G[. j��, · 100M¢ �£�æ
 �

�� -��� Z¿�� KL�� �
 �C � � G[. ��� k�

¾��  Z¿r
 -��� �  ]iL G¼C �-�
Õ, �� -

��� �� ��C ~�k G¼C �ÚX � G[. ?:�, ¬ u4 

�
 k�¾��� @A  -��� LY Z¿� q� �)*�C �

� {<W �p�
 ËÌ  �p�´[.

A
W2 W1–

W1

--------------------= g g⁄[ ]

Fig. 2. Activity of microorganism with the variation of time.
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3-2. �
 � ���� �� 
�

����	W �p�
 �� z ­®98 ��C �¸�
 �� �

}�� pH & p�¯¶� UV
 ��$��  � Æ�C -Å
 �H

, ��� GH+,[16-18], �� .� ���� �àá � 	<-}<

�¯ïH,�æ h�� ¡/  ?Ù pH & p�¯¶UV� ¡/W Fig. 4

  �Ó�Ô[. Fig. 4 � ý � Gþ�, �àá ��	 � }�� pH


 h�� ¡/  ?: �2 ¡/�� ��HO, ��M¢� ¡/  ?

:�V �2 ¡/�� �Vß QR�´[. ��� xyrA� ����

	 ��� ­®98� #¶L �¸�  ?: pHL ·¢ 
¶�
 s�

C á�X � GÔ
Õ �
 #¯/ -��  �" #¯/ 0� �

NH3-N� ¯/rA� H+� ��r* �	 zH, Òír	 ��H,

�Êr� ËÌ z j ¡/
 �MX �V, ��[[19]. ]ô, .���

� ��	� �àá � p�¯¶� UV
 Fig. 4  ~
�� �� h

�L KL°  ?: ·¢ KL�
 ��C �Ó�k GH� ��	 $

< � �2 ��L �� �k �� 6-7 mg/L, ��r
 �C � �

G[. 

�� .� ��� ��	 �
 {<W .�M�	 ¹�
 }�� b

��P � 	�� �PC QR�
 �B/°H,± -��  Ñ�]

p�¯¶� �©C �� X � GÔ[. \], ���� �/s�V ��

.� ���� �<èé  ��
 �Ó�� ��HO, Ñ�] �	�

��H, -��� �� �pC V�© �H, �ÊrÔ[.

�� .� ��� ��	 � �� z ­®98� ³	UVL 100 mg/L

, b�X �, ��	  ÃL¤ {<¨¾<>m� ¡/  ?: �� z

NH4
+�½ UV� ¡/��C Fig. 5(a)  �Ó�Ô[. Fig. 5(a) � ý

� Gþ� {<� <>mC 0-0.25D� KLM�O ËÌC ËM�´C

�, {<� <>m� KLX�ß ­®98W �¸�
Õ ²3] HRT

(�gºB ²3<>M¢)
 
¶�
 �C � � G[. -��C Z¿M

� {<W $� ÃL�� �k �����7 ÃL] Q  �
 ��

z ­®98 �½C 95% �� �¸�
Õ HRTL 325� �V, �Ó

�[. j��, -��� Z¿¤ {<� ÃL�� ��	 $< �î�

20%b �� HRT
 240� �V, {<� ÃLL �
 ��� ! �


 26%� HRT� 
¶ Â0W L��[. �
 ��	 ��� ��-�

�  �] ­®98� �¸��� -��� Þ�/� Â0BÁ ��/

  ¶3r
 M¢� ²3�+, -��� Z¿¤ {<W ÃL�
 �

�~[ [¶ M¢� q� ¶3¤[k X � G[. !, -��� Z¿¤

{<W ÃL�
 ­®98W �¸X �� k�¾��  Z¿r* G


-��� UVL KLr* �" �v] -�� ��C �yX � G	

��H, �Ê¤[. ]ô, Fig. 5(b)
 .���� ����	 � }�

Fig. 3. Amount of adhesion of microorganism at the substrate(polymer
resin) with the variation of time.

Fig. 4. Profiles of dissolved oxygen and pH in the axial direction of the
riser of three-phase circulating fluidized-bed reactor(εεεεs=0.1).

Fig. 5. Variations of NH4
+ concentration and COD in the waste water

(NH4
+ =100 mg/L).
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� COD �¸ ��C ~
×k G
Õ, COD� �¸ ��V ­®98

� �¸� ��] ��C �Ó�Ô[. ��� �� z  ­®98� j

#� �	�� �¸rk G¼H, /ºB ¯¶ 34mV j  ?: 


¶�k G¼C ~
×k G[.

.� ��� ����	 � ��  µ°¤ ­®98 �½� ³	U

VL ­®98 �½� �¸ & COD  -Å
 Æ�C Fig. 6(a), (b) 

óó �Ó�Ô[. Fig. 6(a)
 -��� Z¿¤ {<� <>m� 0.1Á

�� �� z ³	­®98� UV¡/  ?Ù HRT� ¡/W �Ó$

�ÁÕ, �� z ³	­®98� UVL BC�ß HRT
 s�w 
¶

°C � � G[. !, �� z ­®98� ³	 UVL 50 mg/LÁ ��,

��M¢� 210� �VL rA NH4
+�½� UVL 95% �� ¸� �

¸r
 �A, ­®98� ³	 UVL 150 mg/L��b �� 
 ­®

98� �¸  ²3] �gºB <>M¢� 300� �� 34�C � �

G[. �� �� û0,�æ �� z ­®98� UV  ?: ��	 

§¨r
 -��� Z¿¤ {<� �B�C û�X � GÔ[. !, Fig.

5(a) � ý � Gþ� ��  µ°¤ ­®98� UVL 100 mg/Lb

�� 
 -��� Z¿¤ {<� �� 20%D�
 ­®98L Â�B

H, �¸�C � � GÔ�7, {<� �� 25%b �� 
 {<��

20%Á ��� ! �
 p}P� ­®98 UV� �¸L �2 KL�

� �
 �H, �Ó�[. �
 -��� ­®98W �¸�
Õ  


]iL G[
 �C � � G
Õ, �� z ­®98� ³	UVL K

LX�ß HRT
 KL�´k b�M¢ ­®98 �¸ �� £ �� 

%8G
 ­®98� UVV KL°C � � GÔ[. ]ô, Fig. 6(a)�

��] Q  � ­®98� ³	UVL �� z COD� 
¶  -Å


 Æ�C Fig. 6(b)  �Ó�Ô
Õ, ��M¢� �%  ?: �� z

­®98 �½� 
¶��0 ���2 �Ó�[.

]ô, .� ��� �� ��	 � ��M¢  ?Ù �� z ­®9

8 UV� ¡/,�æ ��	 �� � ­®98 �½� .¢B �¸

PVW 4X � GÔ[.

Fig. 7� -��� Z¿¤ {<� <>m ¡/  ?Ù ­®98� .

¢ �¸ PVW �Ó�k G
Õ, �� z ³	 ­®98� UVL b

�X � ��	 �� � -��� Z¿¤ {<� <>m� KLX�

ß ­®98 �¸ PVL KL�
 ��C � � G[. �� z ­®9

8� ³	 UVL 50-100 mg/LÁ ��  {<� <>m� 0.2�� r

ÔC �� 
 ­®98� �¸PVL KL�� �
 �C � � G[.

j�+,, �� �� Q  � �� z ­®98� �B .¢ �¸PV


 {<� <>m� 0.2b �: X � G[. �� �� ËÌû0ò,�

æ, ��� ����	W �pX �� -��� Z¿¤ {<� <>m

� ­®98� ³	UVW k��
 &��
' X �H, �Ê¤[.

Fig. 8� ��� ����	 � k< ��¨¾, �t�
 -���

Z¿¤ {<� <>m  ?Ù �� z ­®98� �¸ Â�C �Ó�

k GHO, �,�æ ���C �p] ��� ��	� ­®98 �¸

Â�C �Ú X � G[. ¬ ËÌ  �p] �� .� ��� ����

	
 k�0 }�� ®S �b�2 .�C �
 n�C L�k G	 �

�  kUV� ­®98 �� V Bd�[
 �C � � GÔ[. Fig. 8

,�æ ÃLr
 -��� Z¿¤ {<� <>m� KLX�ß ­®9

8� �¸ Â�� KL][
 �C � � G
Õ, kUV� ­®98 �

� �V(NH4
+= 200 mg/L) {<� <>m� · 5%��� rA 90%�

�� ­®98 �¸ Â�C (C � GÔ[. j�+, �� .����

��	W �p�
 ­®98W �¸X �� {<� �0 ­®98� U

V�
 |I] áiL G¼C � � GÔ[. ¬ ËÌ �
 ­®98�

Fig. 6. Variations of NH4
+concentration and COD in the waste water

(εεεεs=0.1).

Fig. 7. Effects of substrate holdup on the instantaneous removal rate of
NH4

+ in the waste water.
���� �40� �4� 2002� 8�
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eet-
UVL 50-100 mg/L�k {<� <>m� 0.1��b � 98%��� ­

®98 �¸ Â�C (C � GÔ[.

�� .���� ��	 � �� z ­®98� ³	UVL �� z

COD� �¸Â�  -Å
 Æ�C Fig. 9  �Ó�Ô[. Fig. 9 � ý

� Gþ� �� z ­®98� ³	UVL KL°  ?: COD� �¸

Â�� ·¢ 
¶�´k, {<� <>m� KL°  ?: KL�
 �

C ý � GÔ[.

4. � �

¬ u4� ËÌû0 [¼0 �� z3] û)C (C � GÔ[.

(1) �� .���� ����	W �p°H,± -��  Ñ�] p

�¯¶� �©C ��X � GÔHO, ���� �/s�C ��°H,

± Á��� z ­®98 �½C Â0BH, �¸X � GÔk CODV

eí � GÔ[.

(2) �½ � Ø�� 0.4 mmÁ ¼�½ k�¾��(DIAION SA20AP)

  �����  µ°¤ -��C 100M¢�V Z¿MÀ �p°H,±

-��� Z¿¤ k�¾ ��¨¾W ÃL�� �� ��� ! �
 �

���	 ��  f¹<B
 -��� UVW KLMÀ �� z ­®

98 �½C Â0BH, �¸X � GÔ[.

(3) �� .���� ����	  ÃLr
 {<��¨¾� <>m

� KL°  ?: �� z ­®98� �¸PVL s�w KL�´H

O �� z ­®98 �¸� CODW e*
Õ ²3] �gºB ²3<

>M¢(HRT)C s�w +b � GÔ[.

(4) ��  µ°¤ ­®98� ³	UVL KL°  ?: b� {<

¨¾� <>m � ­®98� �¸Â�� 
¶�
 �H, �Ó�H

O, �� z ­®98� UV  ?Ù -��� Z¿¤ {<¨¾� <>

m� Â0BÁ QR� �� .���� ����	� ��û�  ;�

z3] 3¶L r
 �H, �Ó�[.

� 


¬ u4
 ],0ºtf -B	³u40�(1999-1-307-006-3)� �Î

H, �yrÔHO �  
�./9[.


���

A : amount of microorganism adhesion [g/g]

CNH4
+ : initial concentration of NH4

+ [mg/L]

H : height of the column [m]

HRT : retention time [min]

RNH4
+ : NH4

+ removal rate [mg/min]

UG : superficial gas velocity [m/s]

UL : superficial liquid velocity [m/s]

Ut : particle terminal velocity in a liquid medium [m/s]

W1 : drying weight of polymer resin before adhesion [g]

W2 : drying weight of polymer resin after adhesion [g]

Z : axial coordinate [m]

�����

εs : solid phase holdup
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