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��
, ���� ���� �� ��	� ��� zeolite� ��� ����  ��!".

#$%&, �� ��	� zeolite� NH4
+-N �'()�� *� +, �-'. / 012 33 500oC4 10156 %�7 8

9:5;, � < �-=>2 88%� ?@A". Zeolite� ��� BCDE �� zeolite� FG H IJ(I-K6L zeolite ��,

II-�- zeolite ��)6 MN�;, OP� LQ��RS TU ����	4 V(�!". � < WD�� zeoliteX.� 4,000

mg/l6, Y�8�  Z COD, T-N, T-PE 33 150 mg/l, 40 mg/l, 3 mg/l Y	�!". �[�, LQD1 88P& 96P(LQ�

� II)�
 Y� NH4
+-N X.� 40 mg/l�
 33 90 mg/l4 135 mg/l6 \]0^; _`a=>� bc�!". #$%&, �

d YDe& fg h YDe ij=>2 zeolite� ��� BCD� TU ����	k"  Z 28% l mnEo, �E zeolite

� ��	 pQ�� q\0r sg8 SS(Suspended Solids)X.� 2-12 mg/l6 q\t:D <u�". �v, TU ����	

BCD�  Z 58%� _`a=>� kw Bx, zeolite� ��� BCD�
 LQ�� I& II�
 33 74%4 76%� m2

_`a=>� bct:". _`a>, y-e X., _`a=>� \bbJ�  �� %&, �E zeolite BCD� zX.� _

`aZ� �{|D <u�Gz }I7 8 9:". ~�, Y� NH4
+-NX.� 90 mg/l4 135 mg/l6 \]0� %&, zeolite B

CD�
 TU ����	k" 16-20% m2 _`a=>� bct:z, �6�� �-� zeolite� ��� BCD�
 m2

��� _`a BC� ����� �w7 8 9:".

Abstract − A feasibility of zeolite reuse by thermal treatment of excess sludge in zeolite added activated sludge(AS)

was evaluated. Optimal regeneration conditions for NH4
+- N ion exchange property of zeolite in excess sludge was

decided at 500oC of temperature for 1 h, which corresponded to 88% of regeneration efficiency. The reactor of zeolite

dose, run in two models according to zeolite dosed(model I-original zeolite dose and model II-regenerated zeolite addi-

tion), was compared to conventional AS under equivalent operating condition. The concentration of zeolite in aerobic

basin was maintained at 4,000 mg/l, and the average concentrations of COD, T-N and T-P in influent were 150 mg/l,

40 mg/l and 3 mg/l, respectively. Besides, influent NH4
+-N concentration was increased from 40 mg/l to 90 mg/l and

135 mg/l, separately, in 88 d and 96 d of operating duration (model II). Though the removal efficiency in soluble organic

compounds was similarly observed between two reactors, the removal efficiency of total organic compounds in AS of

zeolite addition was improved by 28%, compared to conventional AS. The result was attributed that zeolite progressed
sludge settling property followed by enhancing SS(Suspended Solids) concentration from 2 to 12 mg/l in effluent. While,

AS reactor with zeolite addition averagely showed high nitrification efficiencies of 74% and 76% in model I and II,

respectively, although conventional AS averagely revealed only 58% of nitrification efficiency. As a consequence of

evaluating a mutual relationship among nitrification rate, microbial concentration and nitrification efficiency, the enhanc-

ing nitrification in AS of zeolite dose was ascribed to high concentration of nitrifying bacteria. In addition, at 90 mg/l

and 135 mg/l of increased NH4
+- N concentration, the reactor with zeolite application showed 16 to 20% of nitrification
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efficiency higher than that in conventional AS, and hereby it was validated that nitrification of high activity was accom-

plished in AS with regenerated zeolite dose.

Key words: Zeolite, Regeneration, Thermal Treatment, Nitrification, Activated Sludge

1. � �

����� ��� 	
��
 ����� ��� � �� ����

� ��� ��. ��� �� !"#� $�% &'"( )*+, �

�-., /0� -1� 23� 4567 �8 /0� &'"� 9:6

;, <=��� >?�-. 7@ A�B��C ��D�. E�F� �

��( >?G�� �� ���( <= ��� �#H I��� JK

L MNO � � ��[1]. LP, QR S TUVW( 0XYZ [4\ ]

Z6^., ��� #R ��- +L JK�_ `%67 ��. #R� "

�Za S '"a� ���� 45b � ��c, �d� S e4�H 7

�� f '"a� ��_ \g ���M ������ ��� ��. '

"a� #R45��� #hZ ij� k# ij�� _l;��m, #

hZ ij� #hZ &'"( n� o�gp	� M�q #R45p	


 I�r� ijp	 I� st� ��� ��u, vw_ x	yR, �

z0� 9{, |�"# }- ~� �y�q #R 45�d- � X�H

&��[2]. _�L [4
 VI�� �V q� =�( ��� ��_ T

�67 ��u, G� �{� ��� ��� 
��� 7�	( &'"

H ���q #hZ �dH ��
� �c ��O, �� ����� �

�- ���� P�L g�H ���[3, 4]. G�, A� zN
 �{�

���� ,��� ��� #hZ�d ��� v�; ��� >?�H

��
��7 ��� ��[5-7]. ,�6� A�zN�� clay, talc,

zeolite, ��� }_ ��m, NH4
+- N _x�:�H 7�� f zeolite\

#hZ�d � - \g ���M "#� ¡767 ��[8, 9]. E�¢

� ��� ����� ��- Tp��� zeolite
 £zV¤ �� f[-,

¥?o�H ¦§ ��
��. Zeolite ̈ '��� _�L e4� [4


¦§ ey
� � ��u, ¨'��- ©O Za�, '"a�, ª���

�� �A� � ��[10]. Za� ¨'�U� NaCl }( Za«¬H _

��� ­��, ¨'�d� ���¢ e4�_ ®;�� s�_ ��.

'"a� ¨'�� &'"( #hZ ijH zeolitë '- _�L ­�

�, Za� ¨'�- oV ~� e4�_�c ¨'d_ �+��� n

�. E�¢ ª� ¨'��� 90% _�( ¯� ¨'dH °H � �7,

���� ���AH 45�q ��� �A±� {
- VI� � �

� g�H \�7 ��[10-12].

² T�� zeolite
 £zL �����-., ª¨'�H _��q ³

q ���� ´µD zeolite( ¨' \��H ¶*�� �V �·6¸�.

¹º, zeolite( <� ¨'%»H I��¼7, ½º ¨'D zeolite\ <¾

(¿À) ÁzD zeolite(ÂT zeolite)Ã {/L ��
 \���, ÄÅ �

���� ��H Æ�q o�ÇÈÉ�¼�.

2. � �

2-1. Zeolite� ����� ��

² T�-. ,�D zeolite� ÂT zeolite� (£)ÊÄZa��0Ë �

z�¼7, ÌÍ ze 19.75µm, µ�d 9.60%, Y_x �:� 1.28 meq/g

(17.92 mg NH4
+-N/g)
 ¢¶�¸�. ÎL, zeolite( Za� %�� +0A

Al2O3Ã SiO2� ÏÏ 11.88%Ã 72.17%
 ¡¼7, ¢Ð� �A� Fe2O3

1.98%, CaO 1.30%, MgO 0.86%, K2O 2.86%, Na2O 2.74%� ¢¶Ñ�. 

2-2. 	
�� 
 ��

Fig. 1�Ò ����� ij�� 5 L( $�%Ã 3.3 L( >?�� �

�6; ��u, ��� Ó=� MÂ
 R¨ S ����g( iÔ���


 _��q �·�¼�. ij� x	� 20±2oC� ���¼7, $�%

� ��hR �	\ 3-5 mg/l\ 6	Õ hR
 £z�¼�. �z�� M

�Ö�
 4%�q _��¼7, NaHCO3�@H ×A� £z�q ij

��( pH\ 7.5-8.2\ �� 6	Õ �¼�. M�Ö�( NØL ���

Table1- ¢¶�¸�. �z�( ÌÍ COD, T-N, T-P �	� ÏÏ 150mg/l,

40 mg/l, 3 mg/l� ���¼7, ��a� Ù�
Ú� 72" Ù�
ÚH

ÏÏ 6
Ú� 20/� 7��¼�.

Zeolite
 £zL ����� ij�( ¥?%»� £zD zeolite-

©O Û st(I-Ü�¥ zeolite
 £zL st, II-¨'D zeolite £zL

st)� �A�¼7, {/L ¥?%»�- ÄÅ ����� ij�
 _

��q ÝÞßàH �·�¼�. Zeolite� ¾� 20 gH $�%- £z(�	

4,000 mg/l)L á, �â�( SS(Suspended Solid)( YH ã
�7 ³q

���� MLFSS(Mixed Liquor Fixed Suspended Solid)Y- ©O

zeolite
 ¨£z�q, $�%� zeolite �	
 4,000 mg/l� ���¼�

u, _ f ij��( zeolite �	� MLFSS�	
 �Å�� I��¼�[7].

LP, ¥?�Ú 88/� 96/- �z NH4
+- N�	
 40 mg/l-. 90 mg/

lÃ 135 mg/l� ÏÏ ��
ä7, #hZ �dH o��¼�.

Zeolite( NH4
+- N _x�:�� åAÓ æç ßà�- (V è��¼

�. éê, 40 mg NH4
+- N/l- +V zeolite £zëH 5-20 g�� 9Z


äu, 180 rpm-. 2
Ú{U æç
�á, �ì�
 0.45µm membrane

�� q��q NH4
+- N �	
 è��¼�. LP, ¾� NH4

+- N �	-

Fig. 1. Schematic diagram of activated sludge processes.
1. Aeration basin 6. Baffle
2. Settling basin 7. Temperature controller
3. Water jacket 8. Valve
4. Tubing pump 9. Diffuser
5. Circulation pump

Table 1. Composition of synthetic wastewater

Constituents Concentration (mg/l)

Glucose 160
NH4Cl 155
KH2PO4 15
K2HPO4 10
MgSO4·7H2O 30
FeCl3 5
CaCl2 15
NaHCO3 600
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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©8 zeolite _x�:�H Ì\�� �V, 5 g( zeolite- +�q NH4
+-N

�	
 50-200 mg/l� 9Z
äu, �Ã {/L ���� æçßàH �

·�¼�.

2-3. ���� ��� zeolite� ��

ª�� x	- ©8 ÂT zeolite( NH4
+-N _x�:�H Ì\�� �V,

x	
 100-750oC� 9Z
äu í 2
Ú{U ij
ä7, zeolite(

_x�:�H 40 mg/l( NH4
+- N-. è��¼�.

ÎL, NH4
+- N
 æçL zeolite( <� ¨' x	 S ij
ÚH I

��� �V 2
Ú{U 40 mg NH4
+- N/l �@- æç
� zeolite
 +

���, furnace( ijx	
 100-750oC� 9Z
äu í 2
Ú{U

¨'
ä7, Ï %»- +L zeolite( NH4
+- N _x�:�H 40 mg

NH4
+- N/l �@-. è��¼�. ����� ij�( ³q ���- ´

µD zeolite( NH4
+- N _x�: ¨'ßà	 �Ã {/L ���� �

·�¼7, _ f ���� zeolite( Y� MLFSSY�� I��¼�.

2-4. ��

�z�Ã �â�- +V CODCr, NH4
+- N, NO2

− -N, NO3
− -N, SS


standard method- (V è��¼�[13]. NH4
+- N �	� î���� I

��¼�u, NO2
− -N� NO3

− -N�	� _x ¦�ïðEñò(DX-500

System, Dionex)
 _��q è��¼�. $�%� MLSS(Mixed Liquor

Suspended Solid), MLVSS(Mixed Liquor Suspended Solid), MLFSS�

	 è�� standard method- ©O ÏÏ �·�¼7, ���( oJ�

pycnometer è��H _��q I��¼�[14]. _ó-, x	- ©8

zeolite( "�� G�9Z� X  åôAõ�(Philips X’pert MPD)��

Ì\�¼7, ª�� á ���� ö� ��"� TOC(Total Organic Carbon)

� I��¼�[13].

ij��( =pXY&'"� #hZ &'"( ��	� PanswadÃ

Polprucksa\ ,�L NFR(Nitrate Formation Rate)Ã EOUR(Endogeneous

Oxygen Uptake Rate)H _��q Ì\�¼�[15]. NFR� Ï ij�-

. ÷øL 200 ml( ���- NH4Cl �@H £z�q 50 mg NH4-N/ l\

6	Õ £zL á, 30A Úù�� NO3
− - N �	
 è��q I��¼�

u, EOUR� {/ë( ���
 MâL á, 0\�M �#(substrate)( £

zú_ �'AV �3-. 30¾ Úù�� DO
 è��q I��¼�.

3. �� 	 
�

3-1. Zeolite� NH4
+ - N ������

40 mg NH4
+- N/l( �@- +�q zeolite £zëH 5-20 g�� 9Z


äu, zeolite( NH4
+- N _x �:�H Ì\�¼�. Zeolite( NH4-N_

x�: ij� <=��� Ì2- 	û�§ 67, _f �@�( NH4
+- N

� zeolite- _x �:D NH4
+- N� Ó (1)� ü_ Langmuir }x æç

Ó�� ýþ� � ��[16].

Qe=QmaxÿKÇCN /(1+KÇCN) (1)

q�., Qe: zeolite s�ã§ � NH4
+- N æçë (mg NH4

+- N/g zeolite),

Qmax: zeolite s�ã§ � NH4
+- N( <+ æçë(mg NH4

+- N/g zeolite),

K: ��(l/mg NH4
+- N), CN: �@�( NH4

+- N �	(mg NH4
+- N/l).

Ó (1)( ��9- +V W�
 øL á ���^, Ó (2)Ã ü_ 1/Qe

� 1/CN- +L 1�  2��ÓH °H � ��.

1/Qe=1/CN(1/QmaxK)+1/Qmax (2)

Fig. 2� æç ßàI�
 Ó (2)- ��L ­_u, ßàI� QmaxÃ K�

ÏÏ 4.59 mg NH4
+- N/g� 0.63l/mg NH4

+- NH ¢¶��.

LP, 5 g( zeolite- +V ¾� NH4
+- N�	
 50-200 mg/l� î\


äu _x�:G�H ÈÉL I�, ¾� NH4
+- N�	\ î\��Õ

zeolite( NH4
+- N _x�:�	 o��q î\�¼7, NH4

+- N�	 50,

90, 135, 200 mg/l-. ÏÏ 4.51, 5.2, 6.8, 7.1 mg NH4
+- N/gH ¢¶�

¸�. _�L I�� ¾� NH4
+- N�	( î\\ zeoliteÃ NH4

+- N _

x,_( ê��H �	� � �� 
*�H 4��� f[_u, _�

[ }( ßàI�Ã /�L�[7, 17].

3-2. ���� �� zeolite ��

x	 ��_ zeolite( _x�:�- &�� X�H �M�� �V furnace

x	
 100-750oC� î\
äu í 2
Ú{U ij

�. ßàI�

100oC, 300oC, 500oC, 750oC-. ª?��L zeolite� ÏÏ 4.42, 4.48,

4.50, 4.21 mg NH4
+- N/gH ¡_u, ª��\ zeolite( NH4

+- N _x�

:ij- � X�H ��� ��H ¡¼�. KlieveÃ Semmons- (�

^ zeolite ª?�� 
, zeolite�%� ]ÏL ��\ /;¢� �� L, ª

?��� NH4
+- N _x�:�- ;�L X�	 £� ���7 £g�

¼�[18]. E�¢ 750oC-. ª��D zeolite( NH4
+- N _x�:�_

\g n� �H ¢¶�¸7, _� ª»% ��-. zeolite( �%\ ;

� �	 ��6¸� f[_O7 ,�D�. Fig. 3� Ï x	-. ª��

D zeolite( XRDI�
 ¢¶�7 ��m, 750oC-. zeolite�%( 0

A� ��\ ÈÉ6¸�.

Fig. 2. Langmuir isotherm for zeolite performed with 40 mg/l of NH4
+-N

concentration.

Fig. 3. XRD results of zeolite with heat treatment at different temperature.
���� �40� �3� 2002� 6�
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����, 40 mg NH4
+-N/l-. 2
Ú{U æç
� zeolite
 100-750oC

( x	��-. 2
Ú{U ¨'
�á( NH4
+- N _x�:�H Ì\

�¼�. Fig. 4-.Ã ü_ 100oC-.� zeolite( NH4
+- N _x�:�

_ ?� ¨'6� ���¢, 300, 500, 750oC-. ÏÏ 27, 90, 88%(

¨'dH ¢¶��. /i�M NH3 hZx	\ 600oC 0��-	 ��

�7, ² T�-.� 500oC-. ¯� ¨'dH °H � �¸�m, _�

zeolite ���- h�(acid site)_ �¨�� f[_O7 �sD�. �, NH3

_ hZ6� ��-. ?�Í2H �V zeolite�- H+\ ö��§ 6

7, _­� �
 zeolite-. ¨�ª6; �h� E�(hydroxyl group)H

2���m, _�L h�(acid site)� NH3 hZij(  ~W�H L�

7 ��� ��u, ijx	
 360-400oC� yR
��7 ��� ��

[19]. vw_, ² ßà( ¨'I�� zeolite ���- acid site\ �¨�

e�, 500oC-. 80% _�( ¨'dH °¸�7 ¡7L Tsitsishvili }(

ßàI�Ã /��7 ��[10].

Fig. 5� ����� ij��( ³q ���- ´µD zeolite( ¨'

ßàI�
 ¢¶�7 ��m, zeolite( ¨'d_ ijx	Ã 
Ú- o

��q î\�� ­H �M� � ��. zeolite( ̈ 'd� x	 300oC-.

2
Ú_á 30%(1.35 mg NH4
+- N/g)� ¢¶Ñ�¢, 500oC( e� 1


Ú-. 88%(3.95 mg NH4
+- N/g), 2
Ú_á 92%(4.12 mg NH4

+- N/g)


¡¼7, 750oC-.� ij
Ú 2
Ú_á 89%(4.02 mg NH4
+- N/g)(

¨'dH ¢¶�¸�. _�0Ë zeolite( <� ¨'x	 S 
ÚH Ï

Ï 500oCÃ 1
Ú�� I�� � �¸�.

LP, ³q ���( ���R�	� 395 mg TOC/l
 ¢¶�¸�¢

300oC-. 2
Ú ij á 98.8 mg TOC/l� yR�¼�u, 500oC-.�

30A _á +0A( ��"_ 456¸7, 700oC-.� 10Ac- 5(

!?� 456¸�. _ I�� ª¨'�_ zeolitë '� µ" ��� �

A [4
 VI� � �� \��H 
,�7 ��.

3-3. �� !" #�$% &�

����� ��-. zeolite( £z� �� ��"45- X�H �

�� ��7, Û ij� #Û 88-92%( 45�dH ¢¶��. Zeolite


 £zL ij�Ã ÝÞ ßà�� ¥?D ÄÅ �����( EOUR

I�, ÏÏ 27-32 mg O2/l hÃ 25-33 mg O2/l h
 ¡q � ßàI�


$%>�¼7, Piirtola[8] }( ßàI�Ã	 /��¼�.

LP, í ��"( 45�d� �� ��"�� �&§ Û ij�-

. � �_\ ÈÉ6¸�m, Fig. 6�Ò zeolite
 £zL ij�� 83-

97%( í ��" 45�dH ¢¶' i^, ÄÅ ����� ÝÞßà

-.� 63%±� 45�d_ yR�¼�. _� ��� >?� (Z�

MV ��� SS�	\ î\)� f[�� ,�6u, ¥?�Ú 9/, 44

/, 74/, 112/- +V �â� SS\ <+ 34 mg/l±� *ù� î\�

� +�H ÈÉ� � �¸�.

Zeolite
 £zL ij�� YQL ��� SS\ ��6¸7, %» I-

. 2-12 mg SS/l
, %» II-. 1.5-10 mg SS/l( ���
 °H � �

¸�. _�L +�� £zD zeolite\ &'" ,-( .(seed) W�H �

q, �+��� /0�_ ¯� ,-_ 2�6� f[_�. Pycnometer


 _��q Û ij�( ��� oJH è�L I�, ÄÅ �����

\ 1.05-1.08H ¡M i^, zeolite
 £zL e�� 1.20-1.29H ¢¶�

; �( +�H zî�¼�. vw_, _ I�� zeolite £z�� ���

>?�_ ��6¸�� q� ßàI�Ã /��¼�[5, 7, 9].

ÎL, zeolite( £z� $�%� &'" �	
 ��

�(Fig. 7). Ä

Å �����( ÌÍ &'" �	� 1,330 mg MLVSS/l
  ¢¶' i

^, zeolite
 £zL ij�� %» I-. ÌÍ 1,990 mg MLVSS/l, %

Fig. 4. Variation of regeneration efficiency and ammonium ion exchange
capacity(AIEC) for regenerated zeolite by heat treatment at dif-
ferent temperature. Exhausted zeolite was prepared by mixing
40 mg NH4

+ -N/l of solution for 2 h; Circle dotted line- AIEC of
regenerated zeolite, asterisk line- AIEC of infant zeolite and square
line-regeneration efficiency of AIEC for regenerated zeolite.

Fig. 5. TOC concentration of sludge residues and ammonium ion exchange
capacity(AIEC) of zeolite regenerated from excess sludge with
thermal treatment at different temperature and reaction time;
Line-TOC concentration, dotted line- AIEC of regenerated zeolite,
rectangular dot- 300oC, circular dot- 500 oC and triangular dot-
750oC.

Fig. 6. Concentration of effluent suspended solid(SS) and total COD(TCOD)
removal efficiency for two reactors at operating durations; Open
circle- SS concentration in the control, closed circle-SS concen-
tration in zeolite added reactor, open rectangular line-TCOD
removal efficiency in the control, and closed rectangular line-
TCOD removal efficiency in zeolite added reactor.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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ent
» II-. 2,185 mg MLVSS/l
 ¡¼�[Fig. 7(B)]. _� £zD zeolite

\ &'"-§ ��� W�H �·L�� ,ßH ¢¶�7 ��u, _

[7] }( ßàI�Ã /��7 ��. Zeolite
 £zL �� ���( e

� ¥?%» II\ I¡� ¯� &'" �	
 ¢¶�7 ��m, _�L

+�� zeolite- 0ç�g6� '"1_ 2j�Ú- o��q î\�¼

�� 3 }( £g� /��u, ¨'D zeolite\ Ü�¥ zeoliteÃ {/

L ��
 ���� ,ßH $%>�7 ��[9].

Zeolite
 ÁzL ij�� ÄÅ ������ o�
, #hZ ij-

+�q 48 2jH ¢¶��. Fig. 7(a)�Ò ¾� ¥?�Ú{U zeolite


 £zL ij�(%» I)� s� &'"(g MLVSS)� 2.24 mg NO3
− -

N/h( ¯� #hZdH ¡M i^, ÄÅ ������ 1.18 mg NO3
− -

N/g MLVSS h
 ¢¶��. _�L +�� £zD zeolite( NH4
+- N _

x�:ij_ zeolite Ä^- 0ç�gD &'"-§, �+��� ¯�

NH4
+- NH �*�q 7�	( #hZÍ_ �g)� f[_O7 ,�D

�. _� g( ßàI�Ã	 /��7 ��u, Olah }� ÄÅ �����

- zeolite
 £z� e�, zeolite( NH4
+- N _x�:ij_ #hZdH

��
ä� JKL MNO7 £g�¼�[5, 20].

LP, ¥?¾� �_
 ¡_5 Û ij�-.( s� &'"(g MLVSS)

� #hZd� « 10/ _á 5( {/V�, 2.38-2.41 mg NO3
− -N/g

MLVSS h
 ¢¶��. E�¢, Û ij� #Û-. #hZ- +L !?

L 2j(#hZd: 2.38-2.41 mg NO3
− -N/g MLVSS h)_ /;6 _á-

	, ?Ù #hZ �d-� � �_\ ÈÉ6¸�. ÝÞ ßàD ÄÅ ��

���( e� ÌÍ #hZ �d� 58%¼�u, zeolite
 £zL ij�

(%» I)� ÌÍ 74%\ ÈÉ6¸�. _�L I�� zeolite
 £zL ij

� $�%� 7�	( &'"_ U��§ ��6� f[�� ,�D�.

LP, ¨'D zeolite
 £z� e�(%» II), #hZ�d� 69-91%

(ÌÍ 76%)
 ¡_u, q?� ÄÅ �����¡� ÌÍ 24% ̄ � �

d_ ÈÉ6¸7, _�L I�� ¨'D zeolite\ Ü�¥ zeoliteÃ {

/L ��
 ¢¶7H 
,L�.

Û ij�- +L #hZ ij( ��	
 ¡� �ß�§ o���

�V, �z NH4
+- N�	
 40 mg/l-. 90 mg/lÃ 135 mg/l� ��
ä

7 #hZ �dH ÈÉ�¼�. NH4
+- N 45�d( e� ÄÅ ����

�\ ÏÏ 55%Ã 22%
 ¢¶' i^, zeolite
 £zL ij�(%» II)

� ÏÏ 97%Ã 54%� ~� ¯� 45�dH ¡¼�. ÎL #hZ �

d( e� ÄÅ �� ���-. ÏÏ 38%Ã 11%\ ÈÉ6¸�¢,

zeolite
 £zL e�� ÏÏ 58%Ã 27%
 ¢¶�¸�. Table 2�

NH4
+- N ×ù0� 
, Ï ij�( #R- +L mass balance
 ¢¶�7

��. NH4
+- N�	 90 mg/lÃ 135 mg/l-., zeolite- _x�:D NH4

+-N

�	� ÏÏ _8� T-N�	( 20%Ã 17%
 ¢¶�7 ��. ÎL,

zeolite
 £zL ij�-. ÄÅ �����¡� « 2� ¯� #hZ

Fig. 7. The concentration of nitrate nitrogen and nitrification efficiency
according to operating duration; A-relationship between effluent
nitrate nitrogen and nitrification rate(NR), B-a trend in nitrifica-
tion efficiency (NE) according to microbial concentration.

Table 2. Mass balance for nitrogen at shock NH4
+ -N concentrations

Parameter

Influent NH4
+- N concentration(mg/l)

Control AS Zeolite added AS(model II)

90 135 90 135

Eff. NH4
+ -N(mg/l) 39.2 102 2.80 62.0 

Eff. NO2
− -N(mg/l) 0.8 0.5 1.2 0.9

Eff. NO3
− -N(mg/l) 33.3 14.6 51.2 35.0 

Eliminated nitrogen by cell synthesisa(mg/l) 6.48 9.54 16.7 18.9
Air strippingb(mg/l) 1.8 2.7 1.8 2.7
Exchanged NH4

+- N by zeolitec(mg/l) - - 18.9(5.2)d 24.8(6.8)d

Estimated T-Ne(mg/l) 81.6 129 92.6 144
Mass balance error(%) 9.3 4.4 2.9 6.7
Removal efficiency in ammonium nitrogen(%) 55 22 97 54
NEf(%) 38 11 58 27 
NRg(mg · NH4

+- N/g · MLVSS · h) 2.39 2.37 2.42 2.38
Increased biomass(mg · MLVSS/l) 72 106 186 210

aRemoved nitrogen content by microbial synthesis is 9% of MLVSS, Gupta and Sharma(1996). bCalculated values by the reference proposing that 2% of influ
nitrogen is eliminated by air stripping, Gupta and Sharma(1996).cCalculation: ammonium exchange capacity of zeolite×4,000 mg/l of zeolite concentration in
aeration basin×0.91(regeneration efficiency). dAmmonium exchange capacity of zeolite to corresponding ammonium concentration(mg · NH4

+-N/g). eEff.NH4
+ -

N+eff.NO2
− -N +eff.NO3

− - N+a+b+c.  fnitrification efficiency, gnitrification rate averaged in five data.
���� �40� �3� 2002� 6�



������ ��	 Zeolite 
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 �� ��� �� 399

lta-

hate

ts,
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,
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od

ls

ol,”

by

iv.
�d_ ÈÉ6¸�¢, #hZd� Û ij� #Û 2.37-2.42 mg NH4
+- N/g

MLVSS h( �,L �H ¡_u, zeolite
 £zL ij�� 7�	(

#hZÍ_ �gL�� ­H $%>�¼�[21].

4. � �

³q ���� zeolite( ¨' \��H �ML I�, ��� ü� I

8H 	â� � �¸�.

(1) 40 mg NH4
+- N/l- æç
� zeolite- +V ijx	
 100-750oC

� 9Z
äu 2
Ú{U ª¨'
� I�, 300oC, 500oC, 750oC-.

ÏÏ 27%, 90%, 88%
 ¡¼�. ÎL, ³q ���- ´µD zeolite


+��� ¨'ßàH �·L I�, <� ijx	 S 
Ú� ÏÏ 500oC

Ã 1
Ú�� I�� � �¸7, _ f ¨'�d� 88%(3.95 mg NH4
+-

N/g)
 ¡¼�u, ö� ��"	 5( �¨�� ���.

(2) ÄÅ �����-.� Ú9�M ��� SS( î\� TCOD 4

5�d_ 63%±� yR�¼�¢, zeolite
 £zL ij�-.� zeolite

( £z_ ��� oJH ��
: YQL ��� SS(I: 2-12 mg/l, II: 1.5-

10 mg/l)
 °H � �¸�u, _� MV ÄÅ �����¡� 28% ̄

� TCOD 45�d_ ÈÉ6¸�.

(3) ÄÅ ������ ÌÍ 58%( #hZ�dH ¢¶' i^, zeolite


 £zL ij�� ¥?%» I-. 74%, II-.� 76%� �+���

¯� �dH ¡¼�. #hZd, &'" �	, #hZ �d( Èt
 ;

<² I�, zeolite
 £zL ij�-. 7�	( #hZÍ �g�� M

V #hZ �d_ ¦§ ��BH �M�¼�u, ¨'D zeolite\ Ü�

¥ zeoliteÃ {/L ��
 ¢¶7H � � �¸�.

(4) ¨' zeolite
 £zL ¥?%» II-. NH4
+- N�	
 40 mg/l-

. 90 mg/lÃ 135 mg/l� ��
� I�, NH4
+- N 45�d( e� Ä

Å ������ ÏÏ 55%Ã 22%
 ¡M i^, zeolite
 £zL ij

�� 97%Ã 54%
 ¢¶��. ÎL, #hZ�d( e� ÄÅ ����

�-. 38%Ã 11%\ ÈÉ6¸�¢, zeolite
 £zL ij�� 58%Ã

27%
 ¢¶�¸7, _�0Ë zeolite
 £zL ij�� ̄ � ��( #

hZ ij_ _l;=H �M� � �¸�.
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