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Abstract − In this article, adsorption experiments were performed to remove effectively the lead ion(Pb2+) in aqueous solu-

tions by the calcite-type calcium carbonate in a reactor to be placed both the lead solution of 10 Pb2+mg/l and the calcium car-

bonate of 1.5 g/l. Reliabilities of Langmuir and Freundlich adsorption isotherms were 97% and 76%, respectively, and the

reliability of Langmuir adsorptiom isotherm was higher than that of Freundlich adsorption isotherm. The adsorption amount

increased rapidly in range from pH 1.6 to pH 4 and then the 98% of total adsorption amount was approached at pH 4. Over pH

4, the variation of the adsorption amount was rarely observed. Adsorptivity of a calcium carbonate with the pretreatment of

20% and 35% HCl solutions was increased by 20.5% and 14.1%, respectively. Ca2+ concentration in aqueous solutions

increased with an increasing adsorption amount of Pb2+ on CaCO3 but the variation of a Ca2+ concentration by using the pre-

treated CaCO3 was seldom observed.
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1. � �

��� ��� �� 	
� ���
 ���
 ��� ������

����
 ����� �� � !"# $%� $&'( �)* +�

� ,-� ./01* 234567 89. ����� 9: ;<=�

8> ?@� A # <BA�> �C �ADE FG�H IJK FG

5� LC
 �MNO PK�
 QR B)E5� 1ST � 8> FG

� �)
 89[1]. ?@� A # UV� QR W# X���� �Y�

,-� Z[\ ]^9. _` ?@� �a\ ;<� A # !b Bc �

�E5� UV\ <��9> %�d�
 �e=�� fgE h,� 	

i=7 87 �� ?� @��a jPX� k1> l m�=7 89[2].

n# �� o&�� fP=7 8> ?p� ?@� ?� �H�, q�<

��> rst uv1(anti-knock agent)� wxy�zn(tetraethyllead)

� {� |
=� 8� $}~ �B� 9: �;=� 87 ��x o�

��
 ���� ��� <�=> n�a# n?U\ 456> ���

=>� �Y� <�� n# �c� �(���)� �� �E=O ?��

/, ��, �� � ��� ��* 45�9[3]. �� �<� �� h�G

��> n� �)jP X�* 0.05 mg/m3� 1��7 89[4].

�ADE FG�H IJK LCG�> �C ��o&# ���� ?

@��\ 1S�>� ��E5� �P=7 85O[5] n�a 1S* ��

%�� 9 �¡ ¢£=7 89. Barbier �[6]# �P��� montmorillonite

* �P�¤ n� ¥¦§� ��� h� %�* ¨>�, pH 8©� ��

'# 	
�ª5O Cd(II)«9 Pb(II)� ��� l ¬­ ��� ���

®9> d�* �e¨7 Nagata �[7]# zirconium(IV)-phosphate* e

�� �DE5� d¯�� °C¥* �P�¤ Cd(II), Pb(II), Hg(II)�

��±V\ ²³¨7 ´ d� Cd(II), Pb(II), Hg(II) µ5� ��� ¶

=·9> f°\ ¸¹9. Gupta �[8]# ¸�]º ���BA�� »�
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����� ����	 
� ��
 �� 23
�> E¼(red-mud)* �P�¤ n� ½¾� /¿�a h)� 8> �

À�� - @��a Á Langmuir
 Freundlich ���aÂ\ �Ã�ª

7 Seki
 Suzuki[9]> �VJ Ä¯<B��1(biopolymer composite)

* �P� n�a� ��S}� h� %��� )��� 4�H> �

� ÅÆB�* ÇÃ¨9.

_` ÈÉ� ²P5� Ê¡ »\ � 8> ËBJY ÆP� i� %�

> {# �Ì\ Í7 89. fP=> ËBJY�> °C¥, ¸�]H,

Î½, 7Ï¼, Ð�ÑÒ, ���ÓÐ �� 85O 7B'V\ Ô¤�B

�� 9 � e�u � h� %�
 ����7 89[10]. Ð�ÑÒ#

7J$, 7Ë, �Õ, 1�, �Ö× �� IØ��¡ fP=7 85O e

�� d&� Ù&�7 9 � ÚÛ5� ¯V� 
'�9> ±Ü\ 


�7 89[11, 12]. Ð�ÑÒ# 1�FG� Ýy� $% ÞgÞ\ Jß�

¤ àá ?  Ð�ÑÒ� �DE5� ¯V�> âmV Ð�ÑÒ5� J

ã�9. Ð�ÑÒ� d&��� Ýy Ñf�x(calcite), RyäH�x

(aragonite), åwy�x(vaterite)� 3æ5� �J=O �F&)� Ñf�

xÚ� AV� Ù&�7 N��¤ ��E5� çC fP=7 89[13].

Ñf�xÚ Ð�ÑÒ� i� %��, Dalas �[14]# Ð�ÑÒ# I¯

V� èwCR* éuY� ̄ V� 
'�97 �e¨7 Geffroy �[15]#

Ñf�x e�� i� êCR½ëì�x ��\ %�¨>� ¤B� e

�� d&±V� ��A � S}� Z[\ ]í> î�y7 �e¨9.

Song �[16]# �P��� Ñf�x e�� i� ¸ï-êC´Cðf�

¦� �ÀÁ ��\ %�¨>�, ��� Ñf�x� J�V� uv=·

97 �e¨9.  �a ñò�!ó
 d¯� Ð�ÑÒ� i� ��\

%�� Halab-Kessira
 Ricard[17]> pH
 e�� d¯� ñò�!ó

� X�
 ��:� Z[\ ]í> î�ô\ ¸¹9. åõA�� Ñf

�x� i� Pb(II)
 Cd(II), Na(I) �a c� Ûö÷P� i�¤ %�

� Bilinski �[18]# Pb(II)
 Cd(II)�a� ����
 Na(I)�a«9

N��9> f°\ ̧ ¹7 Vengris �[19]# m� P�5� �LC� ø

¼(clay)* �P�¤ @��a\ ��¨>� �LC� ø¼� ��'�

20% �Û [Û=·97 �e¨9.

ù %���> Ñf�xÚ Ð�ÑÒ� i� Pb2+�a� Langmuir


Freundlich ���aÂ\ �Ã¨5O ��� ]í> pH� Z[� m�

P�\ �P� Ð�ÑÒ� ��' uv ��* ²³¨7 ��� Ýy

î��> �P�� Ca2+�a� X�* hú¨9.

2. � �

2-1. ��

��1� fP� Ð�ÑÒ(Albaglos, Pfizer Co., U.S.A.)# ;:� 98%

�Û� µ�* û> Ñf�xÚ ¯V Ð�ÑÒ5� üý�/(D50)� ²

e�E� -- 0.6±0.1µm(Fig. 1), 7±0.6 m2/g�ª9[11, 13].

Ð�ÑÒ# Fig. 1� þ� iY� ÿ�Ú� Ú�� Ñf�xÚ Ð�Ñ

Ò e�# �3��(200)� K��> d&�\ 
�7 89[20].

n �P�# ü�Û� n(Yakuri Pure Chemicals Co., Japan)\ m�

5� PK�� 1�¨5O, pH��� fP� �Ö5�> ���Hx�

(Hayashi Pure Chemical Industries Ltd., Japan)� "�(i&�D�Âg

f, i���)\ fP¨9.

2-2. ����

°	# 1 l� ÅÆB� Ð�ÑÒ 1.5 g� n �P� 10 Pb2+mg/l* 


7 �B 5J }Ù 2,500 rpm� �À5� ³Å�� � &í� Û���

��°	\ °�¨9. �Õ> 5 ml
 ��¨5O �Õ� n�a X�>

�$��JIB(atomic absorption spectrophotometer: Model Z-6100,

Hitachi Co., Japan)\ �P�¤ �&¨9[6, 7]. n �P�# J�Ú��

n\ 6 N  �P�� PKK�  �n��A 7Y� À��� � 9�

1 N  �P�� ��� 1,000 Pb2+mg/l� P�\ à�·9. ��¡ àá

n�P�# pH 2� m��À�� «h\ �9
 10 Pb2+mg/l� X��

�Þ�� °	� fP¨9[21].

e� �LC� Ý­ ��� î�* ²³�B �K Ñf�xÚ Ð�Ñ

Ò� �LC> 9�� þ# FG5� °�¨9[18]. 20%
 35% "�

�P�\ 1��¤ -- Ð�ÑÒ� "� �P�\ 1 : 1� ?:²� 


7 4�c }Ù �ª9. "�� �� 	�� Ð�ÑÒ\ 20�c }Ù °

a�� À��� � 	ã�* 1 : 1� ?:²� 
7 �¯A� A� J

C� � 8�s �J� &í��9. A� 7ÚA\ JC� � Û�Ô�

8> A# 9� 1S�7, �R8> 7ÚA� 1/3(Ô� %)� K��>

A\ |
�¤ 9� �¯¨9. ��¡ »�¢  !�# 9� 25% ��

�Hx� �P�5� ?��� pH 7� «&� � ¤�K� 60oC��

À��6� �LC � Ð�ÑÒ� �9.

Ð�ÑÒ e�� n�a� ��=�� Ð�ÑÒ�� �Î� �P��

Ca2+�a X�* ̧ R«B �K �a ½�"¼´y� JÞB(ion chroma-

tography analyzer: GP-40-1, Dionex Co., U.S.A.)* �P¨9[22].

3. �� 	 
�
 

Ñf�xÚ Ð�ÑÒ� i� n�a� ��±V\ %��B �K �

�üÚ� _E?:� i� °	\ Fig. 2
 3� þ� °�¨9.

Fig. 1. SEM image of calcite-type calcium carbonate powders(magnifi-
cation 20,000).

Fig. 2. Relationship between time and adsorption amount(initial con-
centration: 10 Pb2+mg/l, CaCO3 concentration: 1.5 g/l, temp.: 20 oC,
pH: 7).
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24 �����������
��:# �BÔ# 	
�9
 15�c ��� $à� ��� ���

®5O ��� Î�� l �Û 4�H� %>97 hú=> 25�c\

üÚÛ�� «7 ��üÚ °	\ ¨9.

Ð�ÑÒ ?:� ]í> Z[\ ¸R«B �K 100 ml� �$� 10

Pb2+mg/l n �P�� Ð�ÑÒ\ ?: Á� 
7 25�c &í�� �

��'\ �&¨5O ´ d�> Fig. 3� þ9.

0.5-1 g/l�� ��� ��'# 	
�9
 1-1.5 g/l� Ø��� ��

� ��' 	

 hú=·5O 1.5 g/l�� _i&\ Hÿ'9. 1.5 g/l

���> Ð�ÑÒ� X�
 	
T�s (� ?:� i� ��'# !

�M )*¨9. n�P�� �BX�
 10 Pb2+mg/l� 4&� �À��

��1� fP=> Ð�ÑÒ� + e�E� , �s ��'# 	
�

�à ��'� _i
 => 1.5 g/l �Û� Ð�ÑÒ X���> Ð�Ñ

Ò� + e�E 	
� i� ��� n�a� X� 	
:� ÛiE5

� )*¨B -0� °	�� hú=> ��'# È�=·9. 1.5 g/l «

9 Q# Ð�ÑÒ� X� Ø��� ].$ Æ/� �� Ð�ÑÒ� â

� Û� hú=·9[23].

3-1. ��	
�

Ð�ÑÒ� n�a c� ��\ Langmuir
 Freundlich ���aÂ

5� e ¨9. Langmuir ���aÂ# °	Â� Freundlich ���a

Â�> �C e� ��ø� � J$à ���O ��� J$> 7&=

7 �á ��ø� �0� Û�> }4�9> 
&�� ÇÃ�9[24]. Ð

�ÑÒ e�� i� n�a� ��:� �P�� 12�7 8> n�

a� h)* Langmuir
 Freundlich ���aÂ Ú�� vÚ�¨5O

Fig. 4
 5> vÚ�� �vÂ� �3�(R2)* «¤�7 89.

Ð�ÑÒ� i� n�a ���� Langmuir
 Freundlich ���aÂ

� �3�(R2)> -- 97%
 76%� LangmuirÂ� �3�
 Freundlich

Â� �3�«9 Q¹9. �3�> vÚ�� �4v� °	& c� 5

~* 6)BG5� JÞ� �í� pH 7��> Langmuir ���aÂ5

� Ð�ÑÒ� n�a c� ��±V\ ÇÃ�> 7� å8��9.

Langmuir ���aÂ� �3�
 Q9> 7# Ñf�xÚ Ð�ÑÒ e

�� i� n�a� ��# (J$� ��\ ��� ¢£�9> 7\

«¤�> 7�O �
 þ# d�> 1ÿ �9:� î�* �P� Song

�[16]� �K «7� å 89.

3-2. pH� 
�

�P��� Ð�ÑÒ� i� @��a� ��# ACE ��� �D

E ��5� �J=O ACE ��# a�� Z[\ ;�à �DE �

�# �� &�B([23]� �K ¢£=O &�B(# pH� Z[\ ;

>9[14, 24]. pH� Z[\ ²³�B �K Ð�ÑÒ 1.5 g/l� X�, 20oC

� a���, pH 1.6-8 Ø��� 25�c }Ù &í�� � ��:\ �

&¨5O �&� pHÁ �� d�> Fig. 6� þ9.

pH 1.6-4 Ø��� ��:� �<� 	
�¤ pH 4��> 98% ��

� =·5O pH 4-8 Ø���> S� î�
 =·9. pH 4 ��� �

V Z>�� ��'� W# �<> �*�a� X�
 h)
 85O

�Hí¡ {# �*�a# Ð�ÑÒ e�� ���M> n�a� �}

�* È��6B -0�9[17]. pH 8 �Û� "BV Z>��> n�a

� ��B
 ÅÆ�¤ �"\ ÚV�M> /[� 8�� Æ/ Û� h

ú=·9[25]. 

3-3. �� ���� 
�

Ñf�xÚ Ð�ÑÒ# e�d& ��
 Ù&� ËBJY� ��'

� ÷B -0� m� P�� �LC� ��' uv��* ²³�ª9.

�LC� fP� P�# "� 20%
 35%* ?²¨9. ��'# �c

� Ýy ��� n�a�  5� ²³¨5O Fig. 7� þ# d�* »·9. 

Fig. 3. Relationship between CaCO3 concentration and adsorptivity(initial
concentration: 10 Pb2+mg/l, temp.: 20oC, pH: 7).

Fig. 4. Langmiur adsorption isotherm of Pb2+ on CaCO3(concentra-
tion of CaCO3: 1.5 g/l, pH: 7, temp.: 20oC).

Fig. 5. Freundlich adsorption isotherm of Pb2+ on CaCO3(concentra-
tion of CaCO3: 1.5 g/l, pH: 7, temp.: 20oC).
���� �40� �1� 2002� 2�



����� ����	 
� ��
 �� 25
�LC* �� %# $%Þ Û�� Ð�ÑÒ# 250J, 1,000J /�

� -- �BX�� 62%, 78%à ��=·5H, "� 20% �P�5�

�LC� Ð�ÑÒ� /N�> 250J, 1,000J /� � -- 86%, 94%

��=·9. "� 35%� �LC=> /N, 250J��> 74%
 ��=

7 1,000J��> 89%
 ��� 75� hú=·9. 1,000J }Ù �

�� ���¢ d�* ²³K «� 20%
 35% "� �P�5� �L

C� Ð�ÑÒ# B2 Ð�ÑÒ� ²K -- 20.5%, 14.1% ��' u

v��
 8> 75� Hÿ'9.

3-4. Ca2+� �� ��

Fig. 8# Ð�ÑÒ� i� Pb2+ ��� Ð�ÑÒ e�� Ca=C=O� �

@¡ ÅÆ�>
* ¸R«B �K �a ½�"¼´A� JÞB(IC)*

�P�¤ �P� Ca+2� X�* �&� d��9.

a� 20oC, pH 7� �À�� 1.5 g/l� X�� Ð�ÑÒ �¯�\ ³

Å¨5O X�� Y�# -- �&�c(min), ��B(µS, microsiemens)

\ Hÿ�O ��B# 9� .�C�´D� �K ÑÒ X�(Ca2+mg/l)

� )��9. Fig. 8� (a)> �� �B(t=0)� ��� �Õ� i� JÞ

d��, ÑÒ�a# �&�c 9.2 min Ô`�� hú=O Ca2+� X�

> 224.92 mg/l(��B: 80µS)�ª5O Fig. 8(b)
 þ� üÚÛ�(t=25

h)�� ��� �Õ� Ca2+X�> 394.04 mg/l(��B: 120µS)ª9.

Ð�ÑÒ� e�u � ÑÒ�a� X�� ]í> Z[\ ²³�B

��¤ Fig. 9
 þ� "� �P� 20%
 35%� -- �LC� Ð�Ñ

Ò\ fP�¤ ��°	\ ¢£¨>� �LC
 Ù� Ð�ÑÒ\ fP

�> /N n�a� ��E� Ýy ÑÒ�a#  È�¡ 	
�9


1,000J ��> 385 Ca2+mg/l
 =·9. ́ 3H "� 20%
 35% �P�5

� -- �LC� Ð�ÑÒ\ fP�> /N�> t=0��� ÑÒ X�

> 270, 290 Ca2+mg/l� Q¹5H ��� Ýy ÑÒ X�� F# ½¡

HÿH� %¹9.

"��P�5� �LC� Ð�ÑÒ\ fP�> /N �B�> ÑÒ

�a� {� �V=·5O n�a ��� ÑÒ�a �V c� h)>

Fig. 10� HÿG9.

�LC
 Ù� Ð�ÑÒ� /N Pb2+
 ��E� Ýy Ca2+� �V:

# ¬­ ��� 	
�7 85H 20%, 35% "� �P�5� �LC�

Ð�ÑÒ\ fP�> /N Pb2+��:� Ý­ Ca2+X�� 	
> =

·9. �3� d�� Ñf�xÚ Ð�ÑÒ# �P� ��� A� )�

Fig. 6. Relationship between pH value and adsorbed Pb2+ amount(ini-
tial concentration: 10 Pb2+mg/l, concentration of CaCO3: 1.5 g/l,
temp.: 20oC).

Fig. 7. Relationship between time and adsorbed Pb2+ amount depend-
ing on pretreatment conditions(�: none, �: pretreatment of
20% HCl, �: pretreatment of 35% HCl, temp.: 20 oC, pH: 7).

Fig. 8. Comparison of Ca2+ concentration between t=0 (a) and t=25 h
(b) (CaCO3 concentration: 1.5 g/l, temp.: 20oC, pH: 7).
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002



26 �����������

ra,

n,

J.:
\ ÚV��� Ca2+ �a\ ���O Pb2+� ��� ¢£E� Ýy

�V=> Ca2+�a:# 	
¨9> f°\ ¸¹9. Ð�ÑÒ e��

2H¨I Ca2+�a# �P�� Pb2+� í.ÅÆ\ �B -0� �P�

Ca2+�a� 	
�O[19] �LC� Ð�ÑÒ\ fP�> /N Ca2+�

a X�� î�F� ÷# 7# "� �P�5� �LC=> �&��

e�� 2H�7 8I Ca2+�a�� iÔJ JC=·7, ́  J $C�

Pb2+�a�� ��� d�� �-�9.

4. � �

ù %���> �P��� Ñf�xÚ Ð�ÑÒ� i� Pb2+�a�

��\ ��E5� �Ã�B �K 10 Pb2+mg/l� n�P�� Ð�ÑÒ

1.5 g/l* ÅÆB� 
7 °	\ �ª5O 9�� þ# dK\ »·9.

Ð�ÑÒ� n�a c� ���� Langmuir
 Freundlich ���a

Â� �3�> -- 97%
 76%� LangmuirÂ� �3�
 Q¹5O

pH 1.6-4 Ø��� ��:� �<� 	
�¤ pH 4��> �Y� 98%

��� =·5O pH 4-8 Ø���> S� î�
 =·9. 20%
 35%

"� �P�5� �LC�¤ e�\ u �> /N, -- 20.5%, 14.1%

� ��' uv��
 8·9. Ð�ÑÒ# n�a� ��� Ýy ÑÒ

�a#  È�¡ 	
¨5O "��P�5� �LC�> /N �B�

ÑÒ�a X�> Q¹5H ��� Ý­ 	
> S� hú=� %¹9. 

�
��

D50 : average diameter of CaCO3 [µm]

R2 : reliability of correlation coefficient for adsorption isotherm [-]

Ce : Pb2+ concentration in solutions at equilibrium state [Pb2+mg/l]

qe : Pb2+ amount adsorbed on CaCO3 at equilibrium state [Pb2+mg/

CaCO3 g]

t : adsorption time [h]
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