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Abstract − Zeolite was synthesized from coal fly ash produced by a domestic power plant and applied for the removal of

ammonia from waste water. Zeolite was synthesized using a hydrothermal method involving an akaline reaction with NaOH,

and adsorption experiments and simulations were conducted. Adsorption experiments with the pelletized spherical zeolite were
carried out. The experimental data obtained from adsorption isotherms agreed well with the Langmuir equation. Also, most of

the correlated results for the fixed bed model based on surface diffusion and Sips adsorption isotherms equation were consis-

tent with the experimental data.
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�65 78� %9�#$ :;� <� =>�#[1]. �?� ����

�7�@A BCDEF�6 GH IF J DK, L� $ GHM� �

��N#. OP DK $ GHM$ QRS� TUV �7WXY ZT�

S �B�[6 \]� ^��@ <@, _� ` a� GHM$ BC D

EF bc� de %f�� gh:+ ij�k �]� L��� =>

� Ilmn>�� DKo[ gh`� pq� r
 !st+ l@<$

0	�#[2-3]. GHM� 3�>�� du�� �� P_� vw 
 P

AWB �x� yD� z{�#. �?� |;�6 GHM% %`$ '

�+ ���k �}/�S� �'�@A �No~, �� �� ���	

+ )	�@A �N#. �$ b!w �	� �� dG��+ ��  e

0�+ ��` ��/5 ���� �', 787�� cB� �� ��

� ��� � <+ , -./ �� 787�+ u	�k Q�� ��e

�6 n��� �[� ���Y �	� yD 
 i�� �k� � <�

=>�#.

� 0��6$ ‘@HF GHM� ��� ���� yD’�6 GHM

� NaOH ���+ ��, ���' ��o[ �7� ���� ���
†To whom correspondence should be addressed.
E-mail: whroo@hanbat.ac.kr
537



538 ���������	
���

� �'� pH� cB� �� ��'�, ��1 �m9 
 ��.-'

�F� �� 9C, ��� ��9C, �(bead)  �h 7� �
 q@ 

¡� =>� 6x�` �¢#[4]. £� GHM[ �7¤ ���$ SEM,

XRD, BET, Porosimeter, TGAY ¥
 �G��� ���k �G� u

� ¦�� u	�7� %`$  �� §¨©¡@[4], �?�  �$

phillipsite� �7[ª ¦�o[ «!w ¬�  ­� ®¯�~ ¦�o[

¬��� =>� E°[$ ±²W� ³´�7� �'�k ��.-'

�F� ��'9� µ��#@ q@ ¡#[5, 6].

� I��6$ GHM� ���k �'� ���� O:�� 0�+

�� E� 0�0�o[ ¬¶ L� �� ·¸ !<$ ��.-' �

F� ���$¹ z{� I��	�6� ��O�+ º-q@A � »

�#.

�� O�
 GHM[ �7¤ �¼ � ���(Fly ash zeolite=FA-

zeolite)Y �(bead)  ���, �� ���� ��k Q½�� 5A-type

�}/�S(pellet)(Junsei Co., G.R)� ^��No~, ¾ ���� ��

.-' �F ��9� 15Y ¿5, ̧ �, ���� �� ÀÁ �	c�

� b! �� Â 0��§ @	¦ 0�� �d �� Â |�� º-

q@A �N#. À/6 � 0��6$ Ã\'�� ��Â  &'+ d

G�� �d Freundlich Langmuir, Sip ­+ ̂ ��N#[1, 7-9]. £� M�

­ ��7 ©�6$ ����� �Ä� film transfer, external diffusion,

internal diffusion[1]� �1�m ÅÆ�	� �d \!§� =>� �5

Ç�� �Ä+ 7^�N@, Ä� dG+ �d Èep¶�É(SDM)­+

��Â ­� Langmuir ­� 7��k �Ê�N#[10].

@	¦ ��:j ©�6$ Ã\ 
 #'� �1� Ë�0�+ ��k

dG� ��� �ÉI�� �Ê�@A �N#.

2. � �
 

2-1. ������

� I�� ^�¤ ���$ GHM� 4N-NaOH[ 100oC, 4Q�Äl

���' ÅÆ�k zh^�S(phillipsite) � �¼ ���� �'�N

o~[4-6], �� Ìn� 2 mm T�� �(bead) o[ �h� »+ ^�

�N#.

�1��0�
 300 ml� ±¾Í/ÎT� �¼ � ���(FA-zeolite)

2 g+ 	p�� ÏÐ�k Ñ@, ÒÓ $ ¬¶L��(��.-' �F ¿

5 150 mg/l) ÔG�k 2, 4, 10, 20, 30, 45 mg/lo[ ÕÖ! ¾¾� Í/

ÎT� 100 ml× Ñ¡#. Í/ÎT� ØÙ� J 12Q� Ú1 �7©�6

25, 35, 50oC[ 15cB� b! ��Â 0�+ �N#.

�� Â 0�+ ÛÜ J, ��+ Ý�k ���� 0.45µm� Þßà

� zá� ��Qâ ��.-' �F� ¿5� �G�N#.

2-2. ��	 ����

M�­ ��0�
 4y� baffle� ãä carberry  M�­ ÅÆ7�

^��N#.

åæ/� T�$ 35 mmç50 mm�@, Ú1�7� �d 35oC[ \	

�� 15� ¸`Qèe6 0�+ �Ê�N#.

é� 0���� �
 2 l� ���� �
 20 g+ ^��N@, é�

¿5$ 20, 60, 100 mg/l, ê�@ �Å�5$ 500 rpmo[ �k ë]�

�EãìÚ� �� íî� ï5ð �N#. ̂ �� 0�:j� Fig. 1�

5Q�N#.

2-3. 
�� ����

@	¦ �� 0�:j$ Fig. 2� 5Q�N@ 0�7�+ Table 1�

§¨©¡#. �� ñò
 ©n� 0.02 m, ó�% 0.2 m� ¸�|+ ^

��N#.

0�� ^�¤ ���$ GHM[ �'�k � o[ �h� ���

Y �� ����[ Q��6 Q½ $ W�(pellet) �� 5A-type �

}/�S(Junsei Co., G.R)� ^��N#. 0�
 �Ö� ���� ¸�

|� ôµ@ \	T�� ¸��õ[ �]Y �]� ôö channeling O

�+ �`�N#. ¸�
 ÷Ðøù� �d \	�� 7	�N@, \	

Q� �´o[ ¸Ó�� ¿5� �G�N#.

�Y ¥� 0�� �1�� 0�, M�­�� 0� 
 @	¦�� 0

��6� ��.-' �F� ¿5 �G
 UV-���(HACK-5000)�

^�, 425 nm íú�6 �G�N#.

Fig. 1. Schematic diagram of experimental batch adsorber.
1. Speed cont� 5. Cage 
2. Moter 6. Bulk sol�
3. Thermometer 7. Heater
4. Baffle 8. Water bath

Fig. 2. Schematic diagram of experimental fixed-bed adsorber.

Table 1. Experimental condition of fixed-bed adsorber

Variables Units
Experimental 

conditions

Bead length
(Amount of asorbent)

m
g

0.01, 0.02, 0.03
(29, 58, 87)

Bead diameter m 0.02
Bead porosity - 0.50
Particle porosity - 0.12
Particle density 
Packing density

kg/m3

kg/m3
1,082
1,060

Flow rate ml/min 10, 20
Temperature oC 35
Initial concentration of ammonia solution mg/l 60, 100
���� �41� �4� 2003� 8�
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3. ���� 	 
�

3-1. ��
� ������ � ���� ��

15% �� Â Ð� ÷j$ íî+ 0��� ��k �¼ � ��

�(FA-zeolite)� ��� u�� Fig. 3� §¨©¡#. � êû
 ���

� 2 g, 15� 25, 35, 50oC[ cBQèe6 0�� u�� §¨©¡

$¹ 15� ÀÁ ��Ð� cB$ �� ï¡#. \Å�o[ 15� c

B� À/6 ��Ð� cB5 §¨©ü  $¹, � 0�� u��6$

30 mg/l ��� ì ¿5�6$ 25oCY 35oC�6 �� ¥
 �� ��

Ð+ qk b@ <#. �$ 4
 ¿5 íú�6� 15��% ýþ 8

-6 Kÿ u�/@ ½Ã¤#. ê?§ 50oC�6$ 4
 ¿5�6 ��

Ð� ²�$ <`Õ ê �
 8� §¨©¡#. 30 mg/l ��� ¿5�

6$ 15cB� ÀÁ ��Ð� cB$ ï¡#. �$ ��Ð
 (
 1

5q#$ 4
 15 � 01 ]2� 15�6 ��Ð� �%�#@ q@

 ! <$¹ ���$ ¿5Y �C c�� À/6 7�× ã/w#@

�N#[1]. À/6 �?� u�� ��o[ Ã\'�� ��Â  ¹�

á� ���k �� �1­+ u	��[ �N#.

���1­
 2y� Ë/÷á� �$ Langmuir ­� Freundlich ­


 3y� Ë/÷á� �$ Sips ­o[ ��N#.

���1­� Ë/÷á$ 0� ¹�á� ���k �FA��o[ �

�N@, ê u�$ Table 2� §¨©¡#. 0�� 
 �¶� ^�� Â

	�²$ #
 ­o[ ��N#.

(1)

�?� 15� ÀÁ ��Ð� 0� u�� ��o[ ��Â  0�+

35oC�6 �Ê��[ �N#. �=� 0� 7�
 �¼  ���� �

+ 2 g, ÅÆ15� 35oC, ¿5$ ¬¶L�� 2, 4, 10, 20, 30, 45 mg/l

o[ ÔG�k 0��N#. �� ÀÁ �¼  �� ���� �� ��

.-' �F ��Â  u�� Fig. 4� §¨©¡#. � êû�6 qe

��Â  ¹�á$ Sip­q#$ Langmuir, £$ Freundlich­� q#

� ���+ º � <#. ê?§ � o[ �7� ���$ Fig. 1� M

�­ ��:j� ���k ��.-' �F� ¿5% 150 mg/l� ¬¶

L�� 2 l, ��� 20 g+ 
�`� Ñ@ 5��# QX� ôÝ, ��.

-' �F� ¿5� �G� u��#. ��� �G� ��Â  u��

Fig. 5� §¨©¡#. � 0� u�� qe ��¤ �� ­Ö� � ��

 @ <
+ §¨�`Õ, � 0��6$ � � ���� ���k �

ú��o[ \|'� �@ �A©]� p¶�É� �� u�� � <

$ Langmuir­+ ^���[ �N#.

3-2. ����� �� ����

����� Ë��)
 ��Â , ���Ä 
 :j©� ¸°ú��

��� À/ c�� ¤#. ����� �� Ë��)+ �^�$ nµ

$ ��Â |� 
 ���Ä O�+ ·� @s�$ »� ��Ì�#

@ q@ ¡#[1, 7, 8]. À/6 �^� ^�¤ ´� ��Eã��$ ­

(1)�6 b!w Ranz and Marshall ­� ��k ��N#. �A� Ìn

E %( ) 100
N

---------
qexp qpre–( )

qpre

---------------------------
 
 
 

k 1=

N

∑=

Fig. 3. Adsorption isotherm of synthesized FA-zeolite powder in terms
of temperature.

Table 2. Adsorption isotherms of NH4
+-N on FA-zeolite bead type at 35oC

Isotherm Parameter Value

Langmuir qm 1.9342
b 0.0412

E(%) 3.346

Freundlich k 0.0820
n 1.1569

E(%) 3.449

Langmuir-freundlich (sips) qm 1.9342
b 0.0375
n 0.9431

E(%) 3.777

Fig. 4. Adsorption isotherm of synthesized FA-zeolite powder at 35oC.

Fig. 5. Adsorption isotherm of synthesized FA-zeolite bead type at
35 oC.
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� 2.0ç10−3 m, ��|� Ìn� 0.02 m, ��� ¸�� 1.062ç10−3m

� nµ� k=1.584×10−5 m/s[ ��k�#. � �¶�6 ^�� ���

� ��$ �� »+ ^��No~ ����
 ��.-' �FN#.

�A©]�6� ����� Èep¶��$ M�­�6 ��kw Â

	�� ���N #. Ë��)� �¶�6 ^�¤ ´� ��Eã���

�
 0�7�� |�ï� \	� �+ ^��N@, �A©]� ��E

ã��$ ¿5� |�ï� Â	�+ ^��N#.

À/6 ´� 
 �A©]� ��Eã��� \	�� ¸`� %�¹

b{ �	c�� ¿5, ¸� 
 ��� �� cB� ÀÁ Ë��)+

Fig. 6-8� §¨©¡#. 0�:j$ Fig. 2� @	¦ ��0� :j� �

��No~, Ìn� 2 mm� � � ���� ^��N#. Fig. 6
 ñ

ò� ���� 58 g(20 cm) Ñ@, ¸�
 10 ml/min, ¿5� 60, 100 mg/l

[ cBQèe6 12Q�Äl 0�� u��#. � êû�6 qe ¾ ¿

5�6 Q�� n�·� À/ `��o[ ��� ��!�+ §¨©@

<#. �$ ��Ð
 01 ]2� 15Y (
 ¿5�6 ��� � �

�! w#@ q@ ¤ u�Y5 \j ¡#[1].

Fig. 7
 ¿5 100 mg/lY ���� �+ 87 g(30 cm)o[ @	Qè@

¸�+ 10, 20 ml/min[ cB� b! 0�� u��~, Fig. 8
 ¸�

(10 ml/min)� ¿5(100 mg/l)� @	Qè@ ���� �+ 29 g(10 cm),

58 g(20 cm), 87 g(30 cm)[ �k 0�� u�� §¨©¡#. Fig. 7, 8

� u�[ � = \Å�o[ ��ñò� ó�§ ¸�� gµ �ä nµ

�$ ��Â  |�% Ë��)+ `Ò�$ »o[ ºs  <@, ��

�� ��� nµ�$ �� �Ã �[ Ë�% ��!`~, �� ñò

� !�§ ¸�� "Á nµ, � �� ¦©� °#Q�� !
 nµ�

$ �� �Ä� íî� ���o[ T� §¨$#@ q@ ¡#[1].

À/6 0�� �� ¾ �	c�� cB� ÀÁ Ë��)+ §¨Ü

u�[ª �%[ §¨Ü ;
 0�� ��k &!w u��~ 0)


�^� ��k ��kw Ë��)+ §¨Ü »o[ �	c�� �d 0

�� �d &!w Ã\'�� Ë��)
 ��¤ �É� ��� 	p

�� �^ @ <
+ º � <¡#.

�]�� �� �1­
 "'� \	� ���6 MTZ(mass transfer

zone)� 5ã�`Õ � I��6 )	� ���$ ���o[ ���

5ã·+ º � <¡#. �$ �}/�S� ��� ��.-' �F�

��$ �1�m (V.)� À'� =>�/ K¾�#. \Å�o[ �

1�m
 ����� �d ��� *�$ T§ ���5$ ���o[

��� =>�#.

3-3. ��
� �  �!

GHM[ �7� �(bead)  ���� '9 Â% ��� �d Q½ 

$ 5A-type �}/�S� )	, Fig. 2� @	¦ Ë�0� :j� ��

�k 0�� u�� Fig. 9, 10� §¨©¡#. �� ���[ 5A-type+

Fig. 6. Influence of concentration on breakthrough curves of NH4
+ -N

on FA-zeolite (bead type) (flow rate=10 ml/min, length=0.2 m(58 g).

Fig. 7. Influence of flow rate on breakthrough curves of NH4
+ - N on FA-

zeolite (bead type) (length=0.3 m(87 g), concentration=100 mg/l).

Fig. 8. Influence of column length on breakthrough curves of NH4
+ - N

on FA-zeolite (bead type) (flow rate=10 ml/min, concentration=
100 mg/l).

Fig. 9. Comparison of 5A-type zeolite and FA-zeolite under the condi-
tion of constant zeolite weight (flow rate=10 ml/min, concentration
=60 mg/l).
���� �41� �4� 2003� 8�
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s,”

/

D/

.,

ly

of

d

e

ass
)	� �¸$ +©�6 Q½ $ �}/�S% �]� �¼ ��,

[ @	¦ 0�:j�6 0���% !-� =>� W�(pellet) � �

}/�S[ª �� �� � <$ »+ ^��N#. �= QX� .q�

��
 � � ���$ 1.06 g/cm3�~, 5A-type �}/�S$ 0.73 g/cm3

o[ ��� �% 1.45:1�¡#[4]. Fig. 9$ / QX� þ��[ª 0�

� u�[ 0�7�o[$ ��.-' �F ¿5� 60 mg/l, ¸�


10 ml/min, ÅÆQ�+ 16Q�o[ �No~, QX� ¾¾ 60 g× 0w

�k 0��N#. � 0� u� GHM[ �7� � � ���% 5A-

type �}/�Sq# ��Ð� ²�% r� �#. �$ .q� ���

²�� À/6 ¥
 þ�\ = ]1�6 r
 ²�� q�� =>�/

K¾¤#. À/6 ]1�� \	�� �k 0�� u�� Fig. 10� §

¨©¡#. �=� 0� 7�
 QX� �+ / ñò� 30 cm[ 0w�

k 0��N#. ê u� �  ���Y 5A-type �}/�S� ��.-

' �F ��Ð� �� ¥
 u�� qkb¡#. �$ 0� ���	�

6 �� ñò� 0w�$ ���$ þ� �q#$ ]1 �[ �	+ i

��$ »� �{� {F[ 8��� =>�~, À/6 �(bead)  �

��$ ��B �}/�S �� ���[6 _�� %9�@, £� �

�.-' �F ��� ���[5 gµ 2��o[ Æ�� � <#@

½Ã�#.

4. � �

GHM� ���'�k �7� ���� ���k ¬¶ L��� ·

¸¤ ��.-' �F� ��'�� |� 0�+ �k #
� ¥
 u

Ç+ &+ � <¡#.

��Â |�$ Langmuir ­o[ � §¨3 � <¡o~, @	¦�

6 ���Ä
 ¬ �î �¶45� Èep¶� u�¤ ���É[ i

6� � <¡#. @	¦ ���É+ ��� GHM[ �7� ����

��&'
 �^jY �� 0��� � \j·+ qkb¡#.

£� � o[ �7� ���(FA-zeolite)Y Q½�� 5A-type �}/

�SY� ��9 ���65 þ�� q#$ ]1�[ 0w�N+ = µ

�� ��9+ qkb¡#.

�
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