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 clinoptilolite
� heulandite� mordenite� ���� ��. ����� ��� �

�	
�  !"#$% &' 
()�*+(CEC), 1.41 meq/g
�. -�. /0%1 clinoptilolite  2345� 6$78

9, :;< =5 ��� >?� @A89, SR, BCDE, =5 !"#$ >?� F�G89 !"#$ �HIJ, F�KL

�. M 3 ppm  !"#$� 0.7 ppm  NOPQ
 R$�� ST U;D !"#$ �HIJ, V&W�� XY Z�[<

NOPQ �HIJ, 70% 
V
\�. ]��	
�� pH=12̂  �_ `a��� ST�� SR'� 2b c 95%
V  �

dIJA eL�.

Abstract − A natural zeolite, deposit located at Guryongpo, Young-il bay, was found to be clinoptilolite containing impuri-

ties of heulandite and mordenite. Cation exchange capacity(CEC) for ammonia was about 1.41 meq/g from Na+-form of the

zeolite. In batch experiment, removal efficiency of ammonia was increased as particle size of zeolite and initial concentration

of Na+ were decreased and SR(Stoichiometric Ratio), time, and initial concentration of ammonia increased. More than 70%

aluminum ion could be removed from water having 3 ppm ammonia and 0.7 ppm Al3+ by the batch adsorption(ion exchange)

experiment. Regeneration of used zeolite with NaCl solution of pH=12 has shown more than 95% of regeneration efficiency

when SR'(ratio of the amount of NaCl solution employed actually to the amount in a stoichiometric quantity) was equal to 2.0.
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1.� �

��� �, �� ���	
 ��
�� 1.5 ppm�� ���� �

�� ��, ���� � �� ��  ! " ��# $%�& '�(

)�� *++�, -� ./ 0�1 ��( 02)3  456. 7

8� )92: ;<1 ���)	 0��9 =>� ?@AB: CD

EF� ���G CHI(: JK16[1, 2].

��
�: LM�2 N1 OP1 QR	� �)ST UA	 G1

3V(-W3([3-5], X�(Y(oxidation pond)[4-6]# Z2W2R[3, 5],

[\] ��O^R[4, 5, 7, 8], _2`aR[8], b'`cR[7, 8], dA9

�efgR[3-5, 7-11] -� h6. �)ST UAR/ ei	 ,j��,

Lk# lm(� kn9 0�1 )3� h� o�	
� T�� k

n6. Z2W2R/ pq	 r/ ei	
 CTs�9 �� t uv

T wL� hx� [\] ��O^R/ yz {|9 Y�} ��~

�x+ �1 �/ 0�1 C��)� 4�k�6. _2`aR/ ��


�� 3�G LM��� �kY�, b'`cR/ ��N�� ~�

�2 kn6. �	 {� 6� &� �efg�#� �A �� L��

�B(clinoptilolite): ��1 ��T �efg	 G1 ��
� LM

� ��+, dA9 �e	
i ��kY� �� �1 ���6.

�� L���B(clinoptilolite)G �e fg �3  ���& )(�

/�� ;<)	
 ��
�: LM�� �8� 1970��C� ��Tx

+ �8� � �¡x�, ¢� 1990��	i £¤� �8� � �9

h6. Booker -[3]/ ¥OV �� L���B: ~��¦�§ CEC

(for Na+-form)̈ � 1.50 meq/g¦x� ��
�G ©ª«¬� ­l®

m�3  ¯°�¦9, [±² ¯�	
 ³´   �¦6. Schoeman[5]

/ 1.21 meq/gG CEC(for Na+-form)̈   �Y� µ�¶A·V clin-†E-mail: goodtime@postech.ac.kr
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,

S

optilolite: ���& ��
�: LM�¦6. McLaren -[9]/ clino-

ptilolite	 G1 ��
� LM	 H¸  O� �l�	 ��
 �8

: �¦9, Klieve -[10]/ _UA1 �� L���B: ���& �

�
� LM ��  {f� ¹º6. Piper -[11]/ k» ID	
 ¤

��� ��
�: clinoptilolite: ���& LM�¦9, ��¼  ~

��& ���¦6. �½	i �/ �8l�� �� L���B: �

��& ��
�# &� �=> �e� LM	 ¾1 �8: � �

¦6. �Y4, �¿ ÀÁ	
�, �: ���& ��T� �8� v©

1 ³��6. Â�
 � Ãw	
� ÀV clinoptilolite� �Y9 h�

&� �� t Ä­D $%2	
 �ÅÆ ��
�G LM ��  6

�9l �� ÇÈ	� �: ��1 ��
� ÉLT� UA: N1

�UA EÊË Ì¤	 ÍT  Î6.

2.� �

L���B� ¯�# Ï�vÐG V�~��� Ñ�  ��9 h2

"w	 _�G Ò¬  N�& Ñ�  8��� o�� ½G I�e

� ÓP�� � I�e� 6� Ôx+ fg�� �3� h6. Â�


�e fg ��1 I�eG �� Ï�vÐG �# ./ I�Õ+ Ï

�vÐ <Ö� ×/ Ô� �e fg�� @6. fgØ � h� �e

G Ù»� L���BG 8Ú	 Â� ÛÜÝ 6Þ� �e� h� l

A� ß/ ZÜ  à��&á �9 fgØ �eG @2� @� ±C

4� fgØ � h6[12-14].

�e fgE fg�9l �� �e� fg�k âx+ ��� �e

G Ù»	 Â� �e fgG ���i ���6. ã: �� Na+�

�kh� L���B� Ca2++ fg�2� äå� $�+ Ca2+:

Na++ fg�2� æ�6. �e fgG ��i� L���BG Ù»

	 Â� ÛÜ 6Þ6.

ClinoptiloliteG �e fg �3  çè¹� ��
� �e fg ��

(CEC, Cation Exchange Capacity)/ Ï�vÐ(Al) <Ö	 Â� é�

�� �e fg ��i� �K# .6[14-17].

Cs+>Rb+>K+>NH4
+ >Ba2+>Sr2+>Na+>Ca2+>Fe3+>Al3+>Mg2+>Li+ (1)

��
�G �e fg $%  çè¹�, ÛV	
 6�� .� $

%� ±k��(2), (3), ÏêA Úë	
 ��ì6(4).

NH3+H+íNH4(weak acid) (2)

NH4
++Na+-ZíNH4

+ -Z+Na+ (3)

NH4
+- Z+Na++OH−íNa+-Z+NH3+H2O(pH=12-12.5) (4)

3.� �

3-1.�� ��

8î;V �� L���B(clinoptilolite): ~��� 110oC oven	


 4-5EÜ �i ëÚEï È �+ ð
 @2ñ(20ò35, 35ò45, 45ò

60, 60ò100, 100ò200 mesh)+ ¹¾16. Na+ ¬óG L���B�

80oCG 1 N NaCl	
 6EÜmX �e fgEï È )+ &� ô õ

k ö È 110oC oven	
 12EÜ �i ëÚE÷ @2ñ+ ­»�¦6.

3-2.��� �	
� �
 ��

�(��Ð(NH4Cl)x+ ��
� ��¼  45 È, clinoptilolite	

G1 ��
� LM	 H¸  O� &� �l�(_UA, ^l@2, pH,

EøÖ, J2 ��
� ùi, J2 �Bú ùi, J2 Ï�vÐ ùi)

  Ä­D(batch) ³´  à� ­a�¦6. �� ~��� ��
�

ùi� �û ��
�� 3� ùi(NH4
+ -N, NH3-N): Gv16. _

UA: à1 ��
� LM³́ 	
� clinoptilolite(20ò35 mesh): 110oC

	
 550oCüY ýUA: 1 È, SR(Stoichiometric Ratio=L���B

Á �e fg]G þÖ/��¼ Á ���� ��Ð �eG þÖ)=2�

Úë	
 50 ppm(NH4
+- N)-50 ml ��
� �¼(�e=15oC)	
 E

Ü	 Â� LMÿ�  ¾��¦6. �, oEø: 1 N HCl+ 2EÜ�

Ö VUA: �& ./ Úë	
 ³´  �¦6. $%EÜ  2EÜ

�i ö �0� EÜ	 Â� ��
� LMÿ�  ¹º  Éå �C

­ 2EÜ �Á	 �� J2 ©ª  ¹� È ��� ©ª� ±k�2

"w�6. ^l@2	 Â� ��
� LM³´G Éå, 1 gG

clinoptilolite: 20ò35; 35ò45; 45ò60; 60ò100; 100ò200 meshñ

+ 250 ppm ��
� �¼	
 EÜ	 Â� LMÿ�  ¾��¦x

� J2 pH� Û 6.1�¡6. pH	 Â� ��
� LM³´	
� �

�
� J2ùi� 3 ppm(200 ml), SR=9.58(35ò45 mesh)G Úë	


 pH: ��k ��
 2EÜ mX $%  E�6. EøÖ	 Â�

³´	
� $%EÜ  2EÜ �i O9 J2 ùi: 100 ppmx+ �¦

9 EøG @2� 35ò45 mesh+ �¦6. J2 ��
� ùi: 0.5-

5 ppmüY �(EF�
 SR=6(20ò35 mesh)	
 ³´  �¦9, J2 �

Bú ùi: 10; 20; 40; 80; 160; 320 ppmx+ �(EF�
 SR=4(35

ò45 mesh), Ci=100 ppm, t=2 hr Úë �K
 ³´  �¦6. Z� I�

e ³´	
 J2 Ï�vÐ ùi: 0.00; 0.29; 0.69 ppmx+ �(EF9

Ci=3 ppm, SR=10(20ò35 mesh)	
 ��
� LMÿ�  {f�¦6.

3-3.����

��¼(NaCl+NaOH)  ���& ÏêA Úë(pH=12)	
 SR'(ÓP

1 ��¼G þÖ{ �{ ~�{�): �(EF�
(1.51; 2.32; 6.45)

�L���B(��
�� ©ªì Eø): Na+-Z+ ��1 È CHNS

analyzer+ N  ­a�¦9 ��¼G �Bú ùi: IC: ���&

­a�& SR'̈   8�¦6.

3-4.��

Eø(clinoptilolite)� 6�� .� ­a�¦6. o�­a/ AA(Perkin-

Elmer 5100PC)+, {��T/ BET surface area(Micromeritics ASAP

2010)+, ��
�(��
�� 3�)� Phenate method(Spectronic 21 DUV

Milton Roy)+ ­a�¦x�, 2Å XRD(X-Ray Diffraction, DMAX-B

Diffractometer-Rigaku), IC(IONPAC CS12 chromatography, DIONEX),CHN

analyzer(CHNS-932, LECO) -G ­a	{: ���¦6.

4. �	 
 ��

4-1.�� Clinoptilolite� �� ��

o� ­a é�: ¹�, 8î;V �� L���B� V(¯�(SiO2,

64.28%)# V(Ï�vÐ(Al2O3, 14.55%)� Û 80%�i 
Y�� _

¬T� 9¯V3 L���B+ �Bú� êúG <Ö� ×9, ê��

�d
� <Ö� ��Tx+ r6. �, ÏêA =>� ÏêA �=>

ÜG {� �þ� ×6. oEøG {��T/ Û 41.18 m2/g� $�

VUA1 EøG Éå dealumination� ±k� Si/Al{� 3.90	
 6.98

+, {��T/ Û 224.38 m2/g+ @� ���¦6(Table 1).

XRD ­a é�(Fig. 1) oEø� clinoptilolite� O�­�� heul-

andite# mordenite� ���k hx�, ��
�	 �1 �e fg �

�(CEC)/ �Bú� �gì ¬ó	
 Û 1.41 meq/gG ¨  �Y�

��T� CEC(2.35 meq/g)G Û 60%�i: ¹¦6.

1�, ±$Tx+ L���B	
 Si/Al ratio� ���	 Â� V	

�1 X�i� ��16. �� high-silica �� L���B(mordenite,

ferrierite, clinoptilolite): VUA�& W�e t WÏ�vÐ�& 8Ú

	
 channel  �9 h� ³A·# I�e�  ��E�x+� ¹6

¸�ì �� �¬ì ©ªL: 4�2i 16. d�� clinoptiloliteG
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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Éå I�eG blocking effect� acid treatment	 G� ��(! �

hY4 �e fg ��/ 50%�� j��¦6.

4-2. Clinoptilolite� ��� ��� �	
� �
 ��

4-2-1.oEøG _UA	 Â� H¸

oEø(clinoptilolite): ýUA, VUA t �(�Bú UA1 È �

�
� LMÿ�  {f� ¹º6. 110oC	
C� 550oCüY ýUA

1 È �e fg ³´(SR=2, Ci=50 ppm, Z: 20ò35 mesh)  1 é�,

Fig. 2	
 ¹�� ëÚ4 Eï Éå� �	 ×/ ��
� LMÿ�

  ¹¦9 400oCüY� ýT X��� Y÷Y6� 550oC+ ýUA

: ��EF� Û 15%�i LMÿ�� �l2 j��¦6. �� �

�1 clinoptilolite� 700oC ýUA	
i 8ÚTx+ X�1 Ô�

�A �� L���B� ýTx+ �X�1 heulandite� �&h�§

d o�� h� Ôx+ ~øì6. Fig. 3	
 oEø: VUA1 Éå

� ��
� LMÿ��  �� �k!�§ �� dealuminationx+

�1 AlG j�+ �e fg ���  �1 j�: ¹� Ôx+ ~

øì6. NaCl+ _UA: �& ëÚEï Eø� �	 "/ ��
�

LMÿ�  ¹¦6. �� ³´	
� NaCl+ _UA1 L���B:

~��¦6.

4-2-2. ̂ l@2	 Â� H¸

Fig. 4� ^l @2: 6# �N+ �$ È EÜ	 Â� ��
�

LMÿ�  � Ôx+ �û ./ LM É¸  ¹¦6. �, �e fg

EÜ� ��<	 Â� ��
� LMÿ�� ���¦9, ^l@2�

% �& '( �TG ��+ �� ��
� LMÿ�� ���¦6.

dA9 ZàTx+ )/ EÜ(1EÜ �Á)	  �1 ��
�G �e

fg� ±k�6� �È ��� ��
�� LM�¡6. �� 6��

.� *°Ø � h6.

Table 1. Composition analysis of zeolite from Guryongpo

Si Al Fe Ca Mg Na K Si/Al A/A-E SA(m2/g)

NZ
AN
Na+-Z

30.05
34.82
30.29

7.70
4.99
7.76

1.43
0.98
1.34

0.28
Tr
Tr

0.50
0.28
0.35

2.10
0.35
3.24

2.31
2.23
0.38

3.90
6.98
3.90

5.65
9.21

10.340

041.18
224.38
050.46

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Ign. loss Total SiO2/AlO3

NZ
AN
Na+-Z

64.28
74.49
64.37

14.55
09.43
14.66

2.04
1.40
1.92

0.392
Tr
Tr

0.829
0.464
0.580

2.830
0.472
4.370

2.78
2.69

00.458

12.30
11.05
13.64

100
100
100

4.42
7.90
4.39

NZ: Natural Zeolite, AZ: Acid-treateed(1 N HCl) Zeolite, Na+-Z: Na+ ion-exchanged Zeolite
AA analysis: Perkin-Elmer 5100PC, ICP
A/A-E: Alka metal(Na+K)/Alkai Earth metal
SA(m2/g): BET surface area(by Micromeritics ASAP 2010)

Fig. 1. XRD pattern of natural zeolite.
(drying at 110oC)

Fig. 2. Effect of heat treatment on the removal efficiency.
(SR=2, Ci=50 ppm, Z(zeolite): 20�35 mesh) [where, SR=Stoichio-
metric Ratio=(amount of zeolite*1.41 meq/g*14)/amount of NH4

+ -N
in solution)]

Fig. 3. NH4
+ -N ion exchange with chemically treated zeolite.

(SR=2, Ci=50 ppm, Z: 20�35 mesh)
���� �38� �2� 2000� 4�
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±$Tx+ û �Y mechanism(film diffusion, particle diffusion)�

L���B	
G �e fg >i: Y+16[3, 18]. �, film diffusion

/ ©ªì NH4
+� stagnant boundary layer: à�& ^l ��	 ,V

�� Ô�� particle diffusion/ NH4
+� ^l+C� ©ª ~�B+

,V�k �� Ô  Gv�� particle diffusion� ©ª >i: Y+

16. Â�
 L���B	
� �� ©ª� -� ±k�9 .Â�


��� ©ª� ±kÆ6.

4-2-3. pH	 Â� H¸

��¼	
 ��
�� pH	 Â� û �Y ¬ó(NH3, NH4
+ )+ ��

��§, Èl4� clinoptilolite	 G� LMØ � h6[D (2)]. ��¼

	
 ���� ��
�(NH3) t ��
� �e(NH4
+ )G ¬ó+ �

��� ��T� {�  pH	 Â� %+ �Å/ � h6. Ü01 �

V	 G�, � �Y ã: ��, pH=6.5	
� NH4
+ =99.82%, NH3=

0.18%, pH=7.0	
� NH4
+=99.43%, NH3=0.57%, pH=8.0	
� NH4

+=

94.59%, NH3=5.41%, dA9 pH=10.0	
� NH4
+= 14.89%, NH3=

85.11%�6[19].

Fig. 5: ¹� pH� Û 6.31U	
 �	 ×/ ��
� LMÿ� 

¹2  Ï � hx� �� Ä­D ³´	
 ��
� �e fgG �

T pH� 6-8�� column	
� 4-8~�	
 �	 "69[15] ¹91

6� �8l�G é�# ±�16. Low pH	
� H+# É3�2 "

w	 rx�[15], high pH	
� NH3 ¬ó� Y+T�2 "w�6.

4-2-4. ClinoptiloliteG I	 Â� H¸

Fig. 6/ clinoptiloliteIG <�(SR, Stoichiometric Ratio)+
 ��


�G LMÿ�� ��ÿ�(utilization efficiency)  �ÅÁ9 h6. L

���B: �� 4kO� 5�& ��
� LMÿ�/ ×�YY4 $

�+ ��ÿ�/  �� j�16. �� 4kO� L���B� �x�

0NEÜþ '(! � h� )G I� d46 5k�2 "w�6. Â�


 ³L+� LMÿ�� ��ÿ�  mE	 97�& ®_�á �� �

>LM Z�(CSTR, PBR Process)E �TG SR  8�á 16.

(5)

&2
 W : L���B I(g)

CEC : 19.74 mg/g(=1.41 meq/gò14 g/mol)

Ci : J2 ��
� ùi(ppm=mg/l)

F : �¼C9(l)

4-2-5. J2 ��
� ùi	 Â� H¸

��
� J2 ùi	 Â� L���BG ��/ �þ� 6Þ�, 9

ùi±�& ��
� LMÿ�/ ×6. �� :;+, �e fg «¬

	
 {<�¡9, =;+ J2 ��
� ùi� L���B# ) ~

�G ��
�G �5 )3 _� �>  ?@��§ ÓP1 Ç��

  LZ�2 "w�6. 6E A��, J2 ��
� ùi� × �&

L���B gþ ��
� ©ª�/ ��16. Fig. 7/ 5 ppmv4G

�ùi	
G ��
� LM: ¹&O9 h9 �5 $%/ J2	 �

�
�: �Þ� �e fg16.

4-2-6. J2 �Bú ùi	 Â� H¸

�e fg ��	
 L���B	
 Na+ �e/ NH4
+�ex+ �

e fg�k ) >x+ �e6. Â�
 ]
Tx+ ) >	
� Na+

�e� ��! Ô�6. &2
 �� competing �ex+
 J2 Na+

�eG ��� �e fg ��	
 kB H¸  v��� �� ]�

SR= 
W CEC×

Ci F×
-----------------------

Fig. 4. Effect of zeolite size on ammonia removal.
(SR=1.58, Ci=250 ppm)

Fig. 5. Effect of pH on ammonia removal.
(SR=9.58, Ci=3 ppm(200 ml), Z: 35�45 mesh, reaction time=2 hr)

Fig. 6. Effect of amount of zeolite on ammonia removal.
(Ci=100 ppm, Z: 35�45 mesh, rxn time=2 hr in batch condition)
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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6. Fig. 8	
i ¹�� �Bú �eG ùi� ��<	 Â� ��


� LMÿ�/ ]
Tx+ �k�6. CD�� ) >	 h� Na+ �

e� L���B	 h� Na+ �eG NH4
+�e�G �e fgx+ �

1 ) >x+G ,V  L1�2 "w�6.

4-2-7.J2 Ï�vÐ ùi	 Â� H¸(competing effect)

Fig.9: ¹� competing ionx+ Ï�vÐ �eG ùi� EE 0.00ppm,

0.29 ppm� 0.69 ppm± " ��
� LMÿ�  ¾�1 é� ÈlG É

å _l¹6 ]
Tx+ Û 10%�iG LMÿ� j�: ¹¦6. �

� �e fg ��i	
 Ï�vÐ �e� NH4
+�e¹6 FG rY

4, C­Tx+�� L���BG �e fg ~�BG ±C­  
Y

�2 "w�6. dA9 Ï�vÐG LMÿ�/ EÜ� Yµ	 Â�

0.29 ppm	
� 40%�� , 0.69 ppm	
� Û 70%��G LMÿ�

  ¹¦6.

4-3. ������

��/ O+ �� >i: �>EF2 N�
 ÏêA Úë(pH=12-

12.5, NaOH+ ÚH)	
 NaCl+ UA16.

D (4)	
i Ï � h�� high pH	
 ��Ð �e(NH4
+)/ free

ammonia+ �I9 � ��
�� L���BG %/ JZx+C�

K ,V�k �e6. Ä­D Úë	
 ��¼  ���& SR'� EÜ	

Â� �L���BG �� ÿ�  Ï�¹º6. Fig. 10  ¹� SR'	 Â

� �� >i� MG 
�� �Y Lº9 2EÜ �ÈC�� SR'	 ¾

�M� 95%��G �� ÿ�  ¹¦6. Â�
 ��/ MG þÖ{+

~�� ��1 Ô  Ï � h¡6.

(6)

&2
 M : Na+ NOùi(meq)

W' : �L���B I(g)

CEC : ��
� �e fg�(1.41 meq/g)

SR'= 
M

W' CEC UE××
-------------------------------------

Fig. 7. Effect of initial ammonia concentration on removal efficiency.
(low conc. range, SR=6, Z: 20�35 mesh)

Fig. 8. Effect of initial Na+ concentration on ammonia removal.
(SR=4, Ci=100 ppm, Z: 35�45 mesh, t=2 hr)

Fig. 9. Effect of initial Al3+ concentration in solution on ammonia removal.
(SR=10)

Fig. 10. Regeneration of NH4
+ -zeolite under batch condition.

(SR'=Na+ amount(meq/g) in regenerant/NH4
+ amount(meq/g) adsorbed

on the NH4
+-z)
���� �38� �2� 2000� 4�
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��	
G ��
� LMwL� �û�¡6. �Y4 2� ��		

h� Z�	 G�
� ��
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Â�
 � �8� ) >	 Q� h� ��
�: ÀV clinoptilolite

: ���& ÉLTx+ UA�� Z� Ì¤	 R
 �8ì �� L

���BG �� t �G ��
� LM ��	 ¾1 �8+ ¢�ü

YG �8G é�  PÛ�� 6�� .6.

(1)8î;V �� L���B� _¬T� 9¯V3 L���B+

clinoptilolite� O�­�� heulandite# mordenite� ���k h6.

dA9 ��
�	 �1 �e fg ��(CEC)/ �Búx+ �gì

¬ó	 ��
 1.41 meq/gG ¨  �Y� ��T� CEC(2.35 meq/g)

G 60%�i�6.

(2)Ä­D ³´	
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� LM	 H¸  O� �l�  Ú~�
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� LM��
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 free NH3¬ó+ �T6. L���B
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���B# ) ~�	
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�G ��T� LM�/ �k!6.

(3)L���B� ��
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(4) Batch�ó	
 �L���B: ��¼(NaCl+NaOH)  ���&

pH: 12�i+ VÇ� SR'� 2�i4 �ki ��ÿ�/ 95%�� 

¹¦6.
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