
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001, pp. 517-525
(Journal of the Korean Institute of Chemical Engineers)
���, ���� �	
� Mg/Al LDH� 
�
��� ���� ����

���†����*��	


��������

*	
��
� �
�
(2001� 5� 10� ��, 2001� 7� 2� ��)

Adsorption Characteristics of Iodide on Pyrite, Magnesium 
Oxide and Mg/Al LDH

Mun Ja Kang†, Seog Woo Rhee* and Pil Soo Hahn

Korea Atomic Energy Research Institute, Daejeon 305-353, Korea
*Department of Chemistry, Sungkyunkwan University, Suwon 440-746, Korea

(Received 10 May 2001; accepted 2 July 2001)

� �

����� ��� 	
�� 
� ����
 �� ��� �� �� �� ��� ���  !�� 
� ��"#� $%

&'( ")*+ 
,� ����� -.� /01. 23456 7- ��"#8�(9: ;<=, >?@A  !�� B�C

Mg/Al Layered Double HydroxideD ��� 	
�� 
� -.E F� ����� GHI� J K L1. ;<=� >?@

A  !�� MN ��O� PQD RST U V� ��� PQD WDX� YZ ��C ���� PQ[ WD*\1. ?]

+ 
, ��� 
� ��� 	
�� ����� Freundlich ��^�_ `ab Yc� J K L1. B�C Mg/Al LDH�

MN[ 
 !dBD eOC 4f�g ��"#� hi)j[k ;<=� >?@A  !�� -� ��l
 m� J K L

n1. ?]+ B�C LDH� 
� ��� 	
�� ��^�_� Langmuir ̀ ab GHo+ 
U pqh r
��l� 3.8

s10−3 mol/g
t Kads[ 7.1s103
1. B�C LDH� 
� ��� 	
�� ��� B�C LDH� uv� wx� �� y


t 
[ 2z{� 
�.| �S� }X�1. K~��� �u*[ d 
�
 ��� 	
�� ��� ��[ ��� ;

<=, >?@A  !�� Mg/Al LDH� 
� ��� /� ;<=� >?@A  !�� ��� 	
�
 ��� U[ d 


�� ��b �� �+ B�C LDH� MN[ d 
�� PQD �� U ��� 	
�� �����D �� �B��

J K L1.

Abstract − To find out the materials having a high adsorption capacity for iodide anion, the adsorption characteristics of

iodide on minerals, rock and oxide compounds were investigated and compared by batch experiments. Pyrite, magnesium

oxide and calcined Mg/Al LDH are found as good adsorbents for iodide from literature survey and preliminary experiments.

When the amount of pyrite or magnesium oxide was constant, the adsorbed amount was increased with initial iodide concen-

tration. The adsorption characteristics of iodide on pyrite or magnesium oxide is represented by Freundlich adsorption iso-

therm. The adsorption experiments on calcined Mg/Al LDH were performed under the conditions excluding carbon dioxide.

The adsorbed amount of iodide on the calcined LDH was higher than that on pyrite or magnesium oxide. The adsorption char-

acteristics of iodide on the calcined LDH is described by Langmuir adsorption isotherm. The maximum adsorbed amount

of iodide on the calcined LDH and Kads of adsorption reaction, resulted from adsorption isotherm, are 3.8�10−3 mol/g and
7.1�103, respectively. The adsorption of iodide on the calcined LDH is caused by the reconstruction reaction of the calcined

LDH and this reaction includes a two-step ion-exchange process. The influence of carbonate anions of the aqueous solution in

the adsorption of iodide on pyrite, magnesium oxide and calcined Mg/Al LDH was also investigated. The adsorbed percent of

iodide on pyrite or magnesium oxide in the presence of HCO3
− is similar to that in the absence of HCO3

−. However, the

adsorbed percent of iodide on the calcined LDH decreased sharply with the concentration of HCO3
− .

Key words: Iodide, Pyrite, Magnesium Oxide, Mg/Al LDH, Adsorption
517

†E-mail: munkang@kaeri.re.kr



518 ���������	

1. � �

��� ���� �	 ���
 ��
� �� ���� �
� ��

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

/01, $2 �� #$%3 45 6 7�� 8$%2� "9: ;<�

=>
 ?@ �A23 BC3 D"$ 
E �;[1-3]. ��� ����

?@ FG3 HI�GJ 4K L,M&' N*OP
 QR*? SIT

UE ��1, HI�G
�� #$% +,2J V�M&' WITX Y

�&Z 2[ HI
 �\]$ ^� ��$ _�*;. ̀ IE N*OP


SIT
� N*Y3 ab$- +,3 �cJ d� e*? fg��3

�hJ ij*k 
�1[4], $2 fg��� 8$% lO7�m ��

#$%2� �cJ d�n op �q;[5-7]. ����� ���� Y 

!"
�  �rn op s tm uvw xy�n Yz
� Y{m|

&' op }� OPM0 ~�
�r E\��� ��� +,$;. �

�� �� �	$- r., �� FG
 �' � 
Z Y !"
� #

$%0 6n ��� op ��*;. $@� �� #$%J WI*4-

��TU�
 M�� ��
 D� BC$ �u� B�� ��n ��


� �;[6-8].

��� #$%
 D� ��7�J -��� ��'� �$- �I �

� ��, Y�$- � �� ��$ �' ��3 D"$ 
E �;. $

�
� ���(pyrite), �5�(chalcopyrite), ���(galena)� �� ��

� Cu2S, CuS� �� ���$ �� ��7�J -��;E �E
 

;[9, 10]. `IE Y�J ��*� ¡
m-$¢(tiemannite)� ��

(cinnabar)r ��� #$%
 D� �� W£¤Y¥J -�� ;[11,

12]. ̀ @- �I���� �J ��*� ¦�0 ���� Y�J ��

*� ¡
m-$¢- ��� �� ��$ ��§' � ¨ =� $2

�./
 3� ��$ ©ª
«' ¬A­*N ®;. �¯ ��$- ¦

� �3 °���3 ±fJ �²*�� #$%
 D� �� ��7�

J -��� ����' N<³´ ���� µ¶·´ ��� �3 n

Y ���2$ µ\� �&Z[6], L¸
� �� fg��0 ¹"$�

Y���(layered double hydroxide)$ #$% ��§' $ nº*;E

�E
E �;[13, 14].

#$%� fg(anionic clay minerals)� #$% lO$ nº� ��'

°��
 »¼ W�*Nm ½lM 7�� ¾ µ\� �N ®;. D¿M

0 #$% fg��� :�'À�$¢(hydrotalcite)$Z $� ��� �

�J ¹"$�Y���(LDH)$wE ÁÂ;. LDH� brucite3 �Ã�

Ä
� Mg2+n 3n3 8$%0 Al3+' jO
�� ¹
 8Å*n ª�


E $2 8Å*n ��$ 
� e� ¹Æ
 CO3
2−� H2On ÇÈ
�

�� �ÄÉ nNE �;[15]. LDH3 ÊxË� [(M2+)1−x(M
3+)x(OH)2]

x+

[(An−)x/nÌmH2O]x−$Z 2n ./, 3n ./, ¹Æ3 #$%� x¥(ÅÍ

./�3 3n ./3 8)J ;8*k Î�TÏ ?@ ,Ðn ��
�

�E
 ;[16]. :�'À�$¢3 Pp� �ÑË$ Mg6Al2(OH)16Ì

CO3Ì4H2O01 2n ./� Mg, 3n ./� Al$Z ¹Æ3 #$%�

CO3
2−, x¥� 0.25¥0 ���$Z[17] Mg/Al LDH' Æ±: -�Ò Y

�;.

#$% fg� 2-5 meq/g3 �� #$% lOºJ nNZ ¹Æ
 �

� #$%� ;Â #$%&' Ók lO�;[13, 18]. ̀ IE $2 ��

� 20-120 m2/g3 Ô� ¿�MJ nNZ ÕÖÕ
� Ók ��$ �;

� RfJ nNE �;[17, 19]. �¯ LDH3 ��� �� �3 *-�

×
 D� ØG�$ Ù;� Ú01, 200oC$*
�� ¹Æ
 �� �

$ ²Å: ^�NE 450-500oC' n×*� CO3
2−n  $��Û»' §

4
� Mg1−xAlxO1+x/23 �ÑËJ Ü� Ý� ���(mixed oxide)' ¬

Þ;[20, 21]. n×
 3� $@� �GJ LDH3 »�(calcination)$w

*Nm »�� LDH3 �Ä� �ÑM 7�� u­ ß$ µ\� �N ®

;. »�� LDH3 nR ��� 7à� �áV�(memory effect)' »

�� LDHn »�
� Å3 LDH3 ¹�ÄÉ �á�� ;T )��

(reconstruction) �;� Ú$;[21, 22]. �áV�� »�� LDH3 Ä�


 âw ãwNZ $2 Ä�� LDH3 »�%r
 âw Î�;. »��

LDHn Y !
� Å��� ab*� LDH3 ¹�$3 FÆJ Å��

 !3 #$%$ [N*�� ¹�Än )���;. $@� )�� xä

� »�� LDHÉ � *?  !�3 #$%J ��*� Ú$ nº*

rå �J µ Y �E $@� 7�� ��� �
 �� ��� #$%

3 ��
 op � *;[14, 23].

Ã ��
�� >æÄ�É ç�[24] #$%
 D� ��7�J Ü�

��' ���, �5�, è`�é ���, N<³´ ���, »�� Mg/

Al LDH� ê�ÛJ pëM&' G*E $2
 D� ��� #$%�

3 ì½ ��ÕÖJ ÕT*í;. `IE ���� è`�é ���, »

�� LDH
 D��� TÆÎ�
 âÂ ��Gr, ���%ë, ��î

ïvð �J ñò�E ½l� �ó;. `IE ��� #$%3 ��x

äT  !
 ()*� Û�$%3 ôõJ �ö ñò �E° *í;.

2. � �

2-1. ����

ÕÖ
 � � #$% ��§� ���, �5�, è`�é ���, N

<³´ ���, »�� Mg/Al LDH� ê�Û&' ���� �5��

·÷3 WARD’S Nat. Sci. Est., Inc.
� Fø� ¦�J Wù*? 0.3

mm$* ��3 ÚJ ú½*íE è`�é� N<³´ ���� Aldrich

�
� §F� Tû(99%)J � *í;. Mg/Al LDH� ÕÖÕ
�

MgCl2� AlCl33  !
 NaOH� Na2CO3É ün*� ýÅþ&' �

�� Ú&' Mg/Al LDH3 ���þ� $2 ��
 D� ÿ»W�, W

�ÑM 7�� ×W� ��� $· �E� ¬ �;[25]. `IE ��Õ

Ö
 � � LDH� ¹Æ$%$ CO3
2−$Z  x¥$ 0.25n 
rå ��

� Mg/Al LDHÉ »�� Ú$;. Mg/Al LDH3 »�� ��'
�

560oCÉ �N*? 3TÆ5Ø ��T�;. ̀ IE ê�Û� 58�Ñ


� Fø� Ú&' W��J � *í;. ���  !� Aldrich �
�

§F� NaI(99.5%)É � *? 10−8
� 10−2 mol/L' �rÉ Î�T

U�� §Ä*íE NaI��3 ��� 5eÿ»0 I-125(DuPont NEN)

É 	M°' � *í;. $= I-125 !� 4.6
10−6 M �rÉ 6-10 ul

� ���  !
 ün*í;.

2-2. ����

?@ ��§
 D� ì½ ��ÕÖ� D�"�, � F�� �»� $

��Û»n  !� ab� Y �� Ä

� ÕT*í;. �rÉ Ä�

� ���  !
 ÊG¼3 EÍ0 ��§É ün*E 25±0.5oC' �

N
� ���
� �5*? ��§� ���  !J xäT�;. ì½

ÕÖ
�� �� �rn 1
10−6� 1
10−4 mol/L0 ���  ! 100 ml


 ���� 0.12 g, �5�� 0.18 g, è`�é ���� 0.04 g, N<³

´ ���� 0.12 g&' �� 1
10−2 mol/L� xäT�;. `IE ê�

Û� 0.001 g/ml, »�� Mg/Al LDH� 1.2
10−3 mol/LJ xäT�;.

���
 D� ��ÕÖ� D�"�
� ÕT*íE è`�é ��

�� D�"�� $��Û»É £§TÏ Ä

�, »�� Mg/Al LDH

3 Pp� �' $��Û»É £§TÏ Ä

� �WË&' ÕT*í

;. D�"�3 ÕÖ
�� �w��  �
 �rÉ Ä�� ���  

!� ÊG¼3 ��§É ün*E 25±0.5oC' �NTUZ �5*? x

äT�;. ̀ IE  !�
 �� $��Û»É £§TÏ Ä
3 ÕÖ�

Fig. 1
� -�� RjÉ $ *? Y�*í;. Fig. 1
� � Y ��

$ ��xä  �� �%$ 
� �J ç�T� 25±0.5oCÉ �NT�

E xäÅ3 ���  !� pHÉ 6$*' Ä�� � 2Ê5Ø �»É

ç�T� �»� $��Û»É §4*íE xä �
r ¤/ �»É  
���� �39� �4� 2001� 8�
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!
 ç�T�;. pH~G� T��� =
� �»É �� �¼&' �

\ F�3 abJ dó;. `IE lx�É $ *?  !� ��§É

xäT�;. ��TÆ P�
 âÂ ÕÖ3 Pp� xä ! 100 mlÉ

ú½*? ���� 0.12 g, è`�é ��� 0.04 g&' 1
10−2 mol/L

n 
rå xäT�;. ���%ë ÕÖ3 Pp� ���  !� 30 ml

É ú½*? ���� 0.18� 0.36 g&' 5.4
10−2� 1.1
10−1 mol/L

n 
rå *íE è`�é ���� 0.06� 0.12 g&' 5.4
10−2� 1.1


10−1 mol/Ln 
rå xäT�;. `IE $��Û»É £§TÏ Ä



� è`�é ���
 D� ��ÕÖ� ���  ! 100 ml
 �

�§ 0.04� 0.20 g&' 1.0
10−2� 5.0
10−2 mol/Ln 
rå xäT

�;. »�� Mg/Al LDH3 ��ÕÖ� Fig. 1
 -��  �
 ���

�rÉ 1.8
10−5
� 5.3
10−2 mol/L�N Î�TU�� 500 mlÉ ú

½*E  !3 pH� 6.0$*' Ä�*í;.  !�
 ()*� $��

Û»É §4� � 0.2 g(1.2
10−3 mol/L)3 »�� LDHÉ ün*? x

äTÏ;. ���, è`�é ���� »�� LDH3 Pp �� xä

� 7Ê5Ø ��TÏ � T���É *í;.  �
 rã�  !� �

�§3 !"!
� T�� 3 ml� ��*? ���� 0.45µm3 #$

'�% u&�$¢ )�3 _'(Corning 21053-25)É � *? ��§

�  !J WI*í;. Û�$%3 ôõJ µu�� e� ÕÖ� ��

� �rn 1
10−6� 1
10−4 mol/L0  !
 Û�$%3 �rn 1


10−4� 1
10−2 mol/Ln 
rå NaHCO3(Aldrich�, 99%)É ün� �

��§� xäT�;. ���� è`�é ���, »�� LDH� TÆ

P� ÕÖ
�� �� �rÉ � *íE T����  !� ��§3

WI�Gr �� �þJ � *í;.

WI� "à!3 ��� �r� low-energy NaI ¤~�(Bicron)�

spectroscopy amplifier(Canberra 2024)É � *? I-1253 35.5 keV3

γ 
(NÉ ~G*í;. ̀ IE �� !3 ��� �r� I-125 	M°

É )� Å
 ��*? HPLC(Dionex 4500I)' W�*í;. ��
 �

�� ��� �r� xäÅ  !3 �r
� xä �  !
 *u�� �r

3 [$' ¤�*í;. xä Å�  !3 pH� +� �IÅ,(Metrohm

6.0180.010)J � *? ~G*í;.

3. �� 	 
�

3-1. �� 	
� �
 �� ����

���, �5�, è`�é ���, N<³´ ���, »�� Mg/Al

LDH� ê�Û
 D� ��� #$%3 ��7�J ñòÃ ��É Table

1
 -�� ;. ��§3 �r� »�� LDH� ê�Û3 PpÉ §-

*E� 1.0
10−2-1.1
10−2 mol/L' EGT�E ��  !3 ��� �

r� 1.0
10−6-1.1
10−6 mol/L� 1.0
10−4-1.1
10−4 mol/L3 � nN

Ä
&' Î�T�;. ?@ ,Ð3 ��§
 ��� ���3 8J �

� ��� �r
 D� ./¢' -�� E  !3 pHr Table 1
 ½

l*í;. ��� �rn 1.0
10−6-1.1
10−6 mol/LÊ = ���
 �

�� ���� �� ��� �r3 10.6%, �5�� 3.3%, è`�é �

��� 12.4%$Z N<³´ ���� 10.2%$ ;. ��� �rn 1.0


10−4-1.1
10−4 mol/L0 ��ÕÖ��É ½l� �ur �J ��*

� ¦�&'� ���3 ��./¢n �5��; 0&Z, ���'�

è`�é ���$ N<³´ ����; ���
 D� �� ��7�

J -�1J µ Y �;. »�� LDH3 Pp� ��§3 �rn 1.2


10−3 mol/L' ;Â ��§�; Ù&Z �� ��� �rn �ur 79.1%

3 ��2J -���  !�
 ()*� DÁW3 ��� #$%$ �

�3J µ Y �;. ê�Û3 Pp� xä� ��§É mol/L' O�*

�1 �\]$ �� G¼M0 ½lÉ *� �\pZ ���$w� 7

�$ �;. ��xä�  !3 pHÎ�É ñò��, xäÅ ���  !

3 pH� 6.2� 7.6�$3 ¥$ &- ���� N<³´ ���3 P

p� 4.5
� 4.8�$3 ¥&' pHn ÙuN� 7�$ �&Z �5�

� è`�é ���3 Pp� 9.1
� 10.5�$3 ¥&' µ4I 5&

' Î�*� 7�$ �;. `IE »�� LDH3 Pp� ��  !3

pHÉ 6$*' Ä�*í&- ��xä� 11Á¸�N pHn 6n*?  

!�3 �J »½*E �� µ4I  !$ 3J µ Y � ;. $2 ì

½ ��ÕÖ��É ��' *? ���� è`�é ���, »�� LDH


 D� ?@ nN Ä

� ��7�3 Î�É ñò�E° �;.

3-2. ���� �
 ��� ���� ��

��§�  !3 xäTÆ$ P��
 âÂ ���
 D� ��� #

$%3 ��Gr�  !3 pHÎ�É Fig. 2
 -�� ;. $2 ���

Fig. 1. Schematic diagram of a sorption reactor with inert atmosphere and
constant temperature.
1. Argon canister 5. Sorption reactor
2. Gas flow controller 6. Gas washing bottle(empty)
3. Flask with 10−5 M HCl 7. Gas washing bottle(0.05 M NaOH)

solution 8. Magnetic stirrer
4. Gas washing bottle(empty) 9. Water circulator

Table 1. Preliminary experiments of I− adsorption on pyrite, chalcopyrite, MgO, ZrO2, calcined LDH and activated carbon

Sorbent Sorbent concentration(mol/L) Concentration of initial I−(mol/L) % of sorbed I− pH of soln.

Pyrite 1.11×10−2 1.02×10−6 10.6 4.8
1.09×10−2 1.04×10−4 15.5 4.7

Chalcopyrite 1.02×10−2 1.02×10−6 13.3 9.1
1.02×10−2 1.04×10−4 13.2 9.1

MgO 1.05×10−2 1.10×10−6 12.4 10.51
1.06×10−2 1.07×10−4 14.5 10.51

ZrO2 1.03×10−2 1.10×10−6 10.2 4.5
1.03×10−2 1.07×10−4 110.05 4.5

Calcined Mg/Al LDH 1.19×10−3 1.34×10−4 79.1 11.51
Activated carbon 0.001 g/ml 1.04×10−4 12.8 7.4
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001



520 ���������	

 !�3 ��� �rÉ �� ��� �r
 D� ½' -�� Ú01,

xä� 1Ê Gr N-�  !� ��� �rn L»n 
 ;. �, 1Ê

Gr� ��� �rn LDn 
 ;n TÆ$ N-�� ��� 8$

Ä.� y»�J µ Y �;. �� ��� �rn 1.02
10−6mol/L3

Pp� LD' 11% Grn ��*Z 1.04
10−4 mol/L3 Pp� 6% G

rn ��
 ;. �� ���  !3 pH� 6.9� 7.63 ¥$í;n �

��� xä �
 ¤/ 7�� 4.5Gr' �N3J µ Y �;. TÆ$

P��
 âw  !� ��� �rn ��: 6n*� ÚJ 80*�

e� TÆ9 ��� �r3 Î�(∆C/∆t)É ¤�� �ó;. �� ���

�rn 1.02
10−6� 1.04
10−4 mol/L3 Pp 99 TÆ9 �rÎ��

3.5
10−10� 1.3
10−8 mol/L$*$«' :T� Gr3 �r;J µ Y

�;. `@«' ��xä� 24TÆ$ P�� �
� 43  �
 rã

*í#&' � Y �;.

���
 D� ��� #$%3 ��7�J ���3 �rÉ 1.1


10−2, 5.4
10−2� 1.1
10−1 mol/L' 99 EGT�J = �� ���

�rÉ Î�TU�� ñò�ó�1, ��3 ��� �r,  �
�3  

!�3 ��� �r� ���
 ��� ��� �r, �� pH,  �


�3 pHÉ 99 Table 2
 GI*í;. $= ��� ��� �r� �

� �r
�  � �rÉ < ¥
 �9�;. $2 ��É ñò�� �

��3 �rn ÊG� = �� ��� �rÉ 6nTU� ��� ��

� �rr DÍ' 6n�J µ Y �;. `IE �� ��� �r 1.02


10−8 mol/L' op Ù� Pp� ��� �rn "DM&' �#J µ

Y �;. $2 ��� �rÉ �� ��� �r
 D� ./¢' ñò

�� �� ��� �rn 1.02
10−8mol/L3 Pp� 24.9� 48.8%n

��
 E -�N �r
�� �� ��� ./¢n 2.2
� 8.3�$

3 ¥$ ;. `IE �� �  !3 pH� �r� "B^$ 3.6� 4.8

�$3 ¥&' ÊG*í;.

��§3 �rÉ EGTUE ���3 �rÉ Î�TÏ ÕÖ��É

 !�
 ()*� ���3 �r
 D� ��§ 1 g
 D� ��� �

��3 �r' rË�*? Fig. 3
 -�� ;. ���%ëJ ñò��

e�  !� ��� �r� ��� �r �� log ¥&' ¿T*í;.

$2 ��ÕÖ��É Freundlich ���%ë ��' -���  �
�

3 B¤Ë� ;#� �$ ¿!�;[26, 27].

log q = log KF + 1/n log C

?�� q� ���
 ��� ��� 8$Z C�  !�
 ()*� ��

�3  � �r$;. `IE KF� n� ÕÖ&'Á' �G
� "Y

01 KF� Freundlich "Y$Z n� ë�3 GrÉ -��;. Fig. 3


� � Y ��$ $2 ��ÕÖ��� Freundlich ���%ë&' -

�Ò Y �&Z ­ë "BB¤
� ûÆ =�> ÕÖ��2r �#

J µ Y �;. ?�� ­ëË&'Á' �� KF� û 0.11$Z n� û

1.12' �G
 ;. `IE "B¤Y r2� 0.92$ ;.

���� �5�, ���, �� �� �$ D¿M0 �J ��� ��

' $���(FeS2)$ �� �W$;. S. Fried �� �I� �J ��*

� ¦�$- ��� ����$- ��� #$%� �*k ��*� 7

�$ �&Z ��� #$%3 ��xä� FýÅ
4- ��3 �G�

Fig. 2. Change of adsorbed iodide and pH as a function of time in the I−

adsorption on pyrite(pyrite concentration of 1.1×10−2 mol/L, -�-:
I− concentration of 1.04×10−4 mol/L, -�-: I − concentration of 1.02×
10−6 mol/L).

Table 2. Experimental results of I− adsorption on pyrite

[pyrite]0(mol/L) [I−]0(mol/L) [I−]eq(mol/L) [I−]sorbed(mol/L) pH0 pHeq

1.11×10−2 1.02×10−6 9.39×10−7 8.51×10−8 7.6 4.8

1.09×10−2 1.04×10−4 9.97×10−5 4.32×10−6 6.9 4.7

5.43×10−2 1.02×10−8 5.22×10−9 4.98×10−9 7.1 4.0
5.44×10−2 1.02×10−7 9.87×10−8 3.66×10−9 6.9 3.8
5.43×10−2 1.02×10−6 9.58×10−7 6.64×10−8 6.2 3.8
5.44×10−2 5.28×10−6 5.09×10−6 1.86×10−7 6.3 3.8
5.44×10−2 1.08×10−5 1.03×10−5 4.72×10−7 6.0 3.8
5.43×10−2 5.10×10−5 4.90×10−5 1.96×10−6 6.1 3.8

1.07×10−1 1.02×10−8 7.66×10−9 2.54×10−9 3.6
1.07×10−1 1.02×10−7 1.00×10−7 2.29×10−9 3.6

Fig. 3. Iodide concentration adsorbed on pyrite as a function of equilib-
rium iodide concentration.
���� �39� �4� 2001� 8�
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Ä
 @� ��(incorporation) �GJ 4j� Ú&' ��îïvðJ §

T*í;[10]. Oscarson �� ��Y�(HgS)$ �� �W0 ��� �

�� #$%�3 ��ÕÖJ ÕT*E xä� ?� ��É W� Xë

�� �þ&' W�*í;. ̀  �� ��� ��� #$%$ xä� �

A �3 ��� ���0 Hg2I2(s)n ª�3J 80*íE $' 0�

I−3 �rn Ä��;E iB*í;[28]. `@- �$ ��� ���3

Pp FeI2n ?�� Ú&' ì"� Y ��1 FeI2�  �rn �«'

ýÅ$ 
N ®#J µ Y �;. `@«' ���
 3� ��� #$

%3 ��� �ÑM0 xä
 3��n uvw �IM0 C 
 3�

Ú&' iB�$ M�� Ú$;.

3-3. ����  !	� �
 ��� ���� ��

è`�é ���
 D� ��� #$%3 ��Gr�  !3 pHÎ�

É �� xäTÆ$ P��
 âw ~G*? Fig. 4
 -�� ;.  !

�
 *u �� ��� �rÉ �� ���
 D� ½' ¿T*í�1,

$2 ��É ñò�� xä� 2Ê Gr N-� ��¼$ LDn 
 

;n TÆ$ N-�� ��� 8$ Ä.� y»�J µ Y �;. ��

��� �rn 1.10
10−6 mol/L0 Pp� LD' 12% Grn ��


Z 1.07
10−4 mol/L0 Pp� 5% Grn ��
 ;. `IE xäÅ

 !3 pH� 6.3� 6.8�$3 ¥$ ;n ��xä �
� 10.3� 10.8

3 ¥&' �N
 ;.

è`�é ���
 D� ��� #$%3 ��7�J è`�é ��

�3 �rÉ 1.1
10−2, 5.3
10−2-5.4
10−2� 1.1
10−1mol/L' 99

EGT�J = �� ��� �rÉ Î�TU�� ñò�ó�1, ��

��� �r�  �
�3  !� ��� �r� è`�é ���
 �

�� ��� �r `IE �� pH�  �
�3 pHÉ Table 3
 GI

*í;. $2 ��É ñò�� è`�é ���3 �rn ÊG� = �

� ��� �rÉ 6nTU� ��� ���3 �rr 6n�J µ Y

�;. $2 ��� �rÉ �� ��� �r
 D� ./¢' µu��,

è`�é ���3 �rn 1.1
10−2� 5.3
10−2-5.4
10−2 mol/L0 P

p� ��Grn 2.8
� 19.1%�N W�*� x� è`�é ���3

�rn 1.1
10−1mol/L' �� Pp� ��Grn 31.7� 33.8 �$3

¥$í;. � ��§n ßJYå ��Grn DEJ µ Y �;. ̀ IE

�� �  !3 pH� �r� "B^$ 10.5� 10.8�$3 ¥&' ÊG

*í;.

D��
� 0.03%Gr3 $��Û»n ()*E $Ú�  !�3 a

bJ ç�  !/
 Fu 2�n  �
 rã*k �;.  !�3 ()

*� $��Û»(H2CO3*)3 pK1� pK2� 99 6.3� 10.2$«' pHn

6n�
 âw Û�$%&' ¬Gk 
Z �rn �u�;[26]. Y !

�3 HCO3
−� CO3

2−�#$%&' ��� #$% ��
 ôõJ H Ú

&' ì~$ 
�1, ���3 Pp� ��xä �  !3 pHn 3.5�

4.0�$3 ¥&' �N
�  !� Û�$%3 �rn Ùu $2 $%


 3� ��xä3 ��� MJ Ú&' ª9�;. x� è`�é ��

�� ��� #$%3 ��xä3 Pp� xä�  !3 pHn 10.3�

10.8�$3 ¥&' $��Û»n HCO3
−� CO3

2−'()� Ú$Z $'

0� ��� #$%3 ��Grn Ùu� Ú&' ì"� Y �;. $@

� $�' ��ÕÖ� �� !3 pHÉ 6$*' Ä�*E �»�ÍÉ

IW: ç�T�  !�3 $��Û»É §4TÏ � ��T�&Z Õ

Ö
 � � Rj� �þ� J3 ÕÖ�þ
� iB*í;. $��Û»

Table 3. Experimental results of I−−−− adsorption on magnesium oxide

Condition [MgO]0(mol/L) [I−]0(mol/L) [I−]eq(mol/L) [I−]sorbed(mol/L) pH0 pHeq

Air 1.05×10−2 1.10×10−8 9.73×10−9 1.27×10−9 7.2 10.5
1.05×10−2 1.10×10−6 9.92×10−7 1.11×10−7 6.8 10.5
1.06×10−2 1.07×10−4 1.04×10−4 2.96×10−6 6.3 10.5

5.35×10−2 1.02×10−7 8.29×10−8 1.95×10−8 6.6 10.8
5.37×10−2 1.02×10−6 8.93×10−7 1.31×10−7 6.1 10.7
5.36×10−2 5.28×10−6 4.59×10−6 6.87×10−7 7.4 10.7
5.35×10−2 1.08×10−5 9.68×10−6 1.11×10−6 6.1 10.8
5.37×10−2 5.10×10−5 4.54×10−5 5.62×10−6 6.7 10.7
5.39×10−2 1.03×10−4 9.37×10−5 9.50×10−6 6.3 10.7
5.30×10−2 5.02×10−4 4.76×10−4 2.56×10−5 5.9 10.7

1.07×10−1 1.02×10−8 6.85×10−9 3.35×10−9 10.7
1.07×10−1 1.02×10−7 6.79×10−8 3.45×10−8 10.8
1.07×10−1 1.02×10−6 7.01×10−7 3.23×10−7 10.8

Excluding CO2 1.00×10−2 2.25×10−5 2.21×10−5 3.97×10−7 5.4 10.4
1.04×10−2 1.03×10−4 1.00×10−4 2.79×10−6 5.7 10.4
1.01×10−2 9.38×10−4 8.97×10−4 4.03×10−5 5.4 10.3

4.98×10−2 9.54×10−4 8.89×10−4 6.49×10−5 5.2 10.6
5.03×10−2 1.75×10−3 1.58×10−3 1.74×10−4 5.6 10.6

Fig. 4. Change of adsorbed iodide and pH as a function of time in the I−−−−

adsorption on magnesium oxide(MgO concentration of 1.1×10−−−−2

mol/L, -�-: I −−−− concentration of 1.04×10−4 mol/L, -�-: I − concentra-
tion of 1.02×10−6 mol/L).
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n £§� Ä

� è`�é ���� ��� #$%3 ��ÕÖ��

É Table 3
 �ö -�� ;. $2 ��
�r �� ��� �rn 6

n�Yå ��� ��� �rr 6n�J µ Y �;. `IE D�Ä


� $��Û»É £§� Ä

�3 ��Gr� è`�é ���3 �

rn û 1
10−2 mol/L$Z �� ��� �rn û 1
10−4 mol/L' �

� �rn �J =É ½l*� ��� ��� �r� 43 ½K�J µ

Y �;. �, è`�é ���3 ��7�
 Û�$%$ �k ôõJ �

N ®#J µ Y �;.

è`�é ���
 D� ��� #$%3 ��7�J ñò�� e�

 ! �
 ()*� ���3 �r
 D� ��§ 1 g
 D� ���

���3 �rÉ rË�*? Fig. 5
 -�� ;. ���%ëJ ñò�

� e�  !� ��� �r� ��� �r �� log¥&' ¿T*í;.

$2 ��� Freundlich ���%ë&' -�Ò Y �&Z $=  �


�3 B¤Ë� J3 ���3 ��7�
� iB� Ú� �;. Fig. 5


� � Y ��$ $2 ��ÕÖ��� Freundlich ���%ë
 ¾ L

#J µ Y �;. D�Ä

� ÕT� ��ÕÖ��3 ­ëË&'Á'

�� KF� û 0.43$Z n� û 1.17$í&Z "B¤Y r2� 0.99$ ;.

`IE $��Û»É £§� ��ÕÖ��3 ­ëË&'Á' �� KF

� û 3.00$Z n� û 0.96$í&Z "B¤Y r2� 0.98$ ;. $2 �

�'Á' D�Ä
� $��Û»É £§TÏ Ä

�3 è`�é �

��
 D� ��� #$%3 ���%ë� �� PõJ -�1J µ

Y �;.

Mg(OH)2� �$ Al(OH)3, SiO2, ZrO2� TiO2 �� D¿M0 nY �

��$Z $2 � µ¶·-, ÕIï, N<³´ ���, ¡Û ���


D� #$%3 ��7�� ��
�� �;[6]. $23 7��
� B

CJ M� Ú� $2$ 85� $%lO 45J -��;� Ú01, �

Ù� pH
�� #$%J lO*Z �� pH
�� 8$%J lO*�

7�J Ü�;. $23 #$%lO xä� ;#� �$ Æ±: -�Ò

Y �;.

K1  K2
M-OH + X−

� M+-OH + X−
� M-X + OH−

?�� M+3 X−
 D� N�O$ OH−
 D� Ú�; �� ½å K1¥

$ CPwr �QR ±¤(K2) xä� ¾ ���;. �, K� �Cÿ»

M� lO
� $%23 �ÑM 7�
 3(*Z $@� ��' 0�

nY ���3 ëS�$ �G�;. è`�é ���3 ��xär e

3 xäË� �$ ��
Z ��� #$%�3 xä� Mg+
 D�

OH−- I−3 N�O3 Gr
 âw �G3J µ Y �;.

3-4. "#$ Mg/Al LDH� �
 ��� ���� ��

��TÆ P�
 âÂ »�� Mg/Al LDH
 D� ��� #$%3

��Gr� pHÉ Fig. 6
 -�� ;. »�� LDH
 D� #$%3

��� »�� LDH3 )��xä
 3� Ú$Z $� Y !�
 (

)*� #$%3 ,Ð
 �k ôõJ T�;. »�� LDH3 �� 7�

� CrO4
2−, SO4

2−��� 2n #$%3 lOGrn Cl− �3 1n #$%

3 Pp�; UV �;E µ\� �;[23]. `@«' »�� LDH
 D

� ��� #$%3 ��3 Ppr Y !
 ()*� $��Û»� ô

õJ H Ú$;.  !3 pHn �� ôW
� $��Û»� CO3
2−'D

ÁW ()*k 
�1 »�� LDH
 D� CO3
2−3��Gr� ���

#$%�; UV s Ú&' ì"�;. `@«' »�� Mg/Al LDH


D� ��� #$%3 ��ÕÖ� $��Û»� Û�$%J nº��

§4TÏ � ��T�;. Fig. 6
 -�� ��É ñò�� xä� 1Ê

$- 2Ê �$
 �� ���3 80%$"$ ��
 ;n TÆ$ P�

*� LDH
 ��� ���3 8$ ��: y»�J µ Y �;. `I

E  !3 pH� xäÅ
� 5.0� 5.8�$3 ¥$ ;n ��xä �


� 10.6� 11.53 ¥&' �N
 ;. »�� LDH� ��� #$%

3 TÆP� ÕÖ ��
� TÆ9 ��� �r3 Î�É ¤�� ��

�� ��� �rn 1.17
10−3 mol/L3 Pp� TÆ9 2.2
10−6 mol/

L&' :T� Gr3 ¥$«' 2Ê$ P�*�  ��rn ¨ Y �;.

$��Û»É £§� Ä

�3 »�� Mg/Al LDH
 D� ���

#$%3 ��7�J LDH3 �rÉ 1.2
10−3 mol/L' EGTUE �

� ��� �rÉ Î�TU�� ñò�ó�1, �� ��� �r,  �


�3  !� ��� �r� »�� LDH
 ��� ��� �r `I

E �� pH�  �
�3 pHÉ Table 4
 GI*í;. $2 ��É ñ

ò�� »�� LDH3 �rn ÊG� = �� ��� �rÉ 6nTU

� ��� ���3 �rr 6n�J µ Y �;. $2 ��� �rÉ

��3 ��� �r
 D� ./¢' -����, �� ��� �rn

3.45
10−2, 1.07
10−2� 5.32
10−2 mol/L' �� Pp� 99 ���

./¢n 27.7, 14.1� 2.6%$í;. x� �� ��� �rn $2�;

Ù� Pp� ��./¢n 62.4� 86.1% �$3 ¥$í;. ̀ IE ��

�  !3 pH� �r� "B^$ 10.6� 11.5�$3 ¥&' ÊG*í;.

Fig. 5. Iodide concentration adsorbed on magnesium oxide as a function of
equilibrium iodide concentration.

Fig. 6. Change of adsorbed iodide and pH as a function of time in the I−

adsorption on calcined Mg/Al LDH(calcined LDH concentration of
1.2×10−3 mol/L, -�-: I− concentration of 1.17×10−3 mol/L, -�-: I−

concentration of 1.34×10−4 mol/L, -�-: I− concentration of 1.80×10−5

mol/L) �
���� �39� �4� 2001� 8�
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»�� Mg/Al LDH3 �rÉ ÊG*k *E ��  !3 ��� �

rÉ Î�TU�� ÕT� ÕÖ��É  �"�
�  !
 ()*�

���3 �r
 D� ��§
 1 g
 ��� ���3 �rÉ rË�

*? Fig. 7
 -�� ;. ���%ëJ ñò�� e�  !� ���

�r� ��� �rÉ �� log¥&' ¿T*í;. $2 ��É �� �

�� �rn Ù� Pp�  !3  ��rn 6n�Yå ��� �r

n �X� 13 ­ë��(unit log slope)' 6n*;n ����rn �

� Pp
� ��� �rn �X� 03 ÊG� ¥(zero slope)&' 3J

µ Y �;. $2 ��� Langmuir ��3 ���%ë&' iB¨ Y

�;. `IE Fig. 7'Á' ?J Y LD ���r� 7.3
10−3 mol/g $

 ;.

ÊxM0 ��xäJ S + AYSA' -�Ò = ��xä3  �"Y

Kads� ;#� �;.

`IE ��xä3 LangmuirË�

' -�Ò Y ��1[26, 27], ?�� [A]�  �"�3  !
�3

��� �r$E Γ� ��§ 1 g9 ��� ���3 8$Z Γmax�

��§
 ��� ���3 LD¼$;. $ Ë
� [A]� ΓÉ WY'

¬Z� ;#� �� Ë$ ?��;.

Fig. 8
 »�� LDH
 D� ��� #$%3 ��ÕÖ��É Langmuir

���%ë ��' -�� �1 $2 ��� Langmuir ���%ë&'

¾ ¿!3J µ Y �;. ̀ IE ?�� ­ëË3 �¯&'Á' �� L

D ��¼0 Γmax� û 3.8
10−3mol/g$ &Z $ ¥� Fig. 7
� ��

¥�; 1/2Gr C� ¥$ ;. `IE ­ëË3 �X�'Á' ��  

�"Y Kads� û 7.1
103$E "B¤Y r2� 0.996$ ;.

»�� Mg/Al LDH
 3� ��� #$%3 ��� »�� LDH3

)��xä
 3� Ê�>;. � »�� LDHÉ ��� $%$ �� Y

 !
 )&� ��� #$%$ LDH3 ¹Æ
 ÇÈ
� LDH3 ¹"

�ÄÉ )��*� �G$;. $@� )��xä� LDH3 »�%r,

./3 ,Ð, x¥ `IE Y !�3 #$% ,Ð
 ôõJ T�1 7

: #$% ,Ð3 Pp CrO4
2− , SO4

2−��� 2n #$%3 ��Grn

Cl− �3 1n #$%�3 xä
��; UV �;E µ\� �;[23].

Ã ��[
�� »�� Mg/Al LDH
 D� #$%0 TcO4
−, ReO4

− , I-

� CrO4
2−3��ÕÖJ $��Û»n £§� Ä

� $· ÕT*í

;. `IE »�� Mg/Al LDH
 D� #$%3 ��xä� 2±¤3

$%lO �GJ 4N;� �ÕJ §Ø*íE »�� LDH
 D� $

2 #$%3 $%lOxä3  �"Y2J �*í;[29-31].

3-5. % ��� &'

���, è`�é ���� »�� Mg/Al LDH
 D� ��� #$

% ��
 D� $��Û»3 ôõJ ñò�� e� �� �� ���

SA[ ]
S[ ] A[ ]

---------------- Kads=

Γ Γmax

Kads A[ ]
1 Kads A[ ]+
---------------------------=

Γ 1– Γmax
1– Kads

1– Γmax
1– A[ ] 1–

+=

Table 4. Experimental results of I−−−− adsorption on calcined Mg/Al LDH

[LDH] 0(mol/L) [I−]0(mol/L) [I−]eq(mol/L) [I−]sorbed(mol/L) pH0 pHeq

1.18×10−3 1.80×10−5 2.89×10−6 1.51×10−5 5.5 11.2
1.22×10−3 4.60×10−5 6.40×10−6 3.96×10−5 5.8 11.3
1.19×10−3 8.33×10−5 1.72×10−5 6.62×10−5 5.0 11.1
1.19×10−3 1.34×10−4 2.79×10−5 1.06×10−4 5.6 11.5
1.20×10−3 3.68×10−4 9.72×10−5 2.71×10−4 5.6 11.3
1.20×10−3 8.25×10−4 2.34×10−4 5.91×10−4 5.3 11.3
1.20×10−3 1.17×10−3 4.40×10−4 7.30×10−4 5.5 11.3
1.19×10−3 3.45×10−3 2.49×10−4 9.56×10−4 5.4 11.2
1.22×10−3 1.07×10−2 9.16×10−3 1.51×10−3 5.3 10.9
1.19×10−3 5.32×10−2 5.18×10−2 1.36×10−3 5.2 10.6

Fig. 7. Iodide concentration on calcined Mg/Al LDH as a function of equi-
librium iodide concentration.

Fig. 8. Langmuir adsorption isotherm of iodide adsorption on calcined Mg/
Al LDH.
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t,”

vi-

tion

,”

, R.

, Y.:
�r
� Û�$%J ün*N ®� Pp, HCO3
−É 1.0
10−4 mol/L'

ün� Pp, HCO3
−É1.0
10−2 mol/L' ün� Pp' 99 ��ÕÖ

J ÕT*í;. ���, è`�é ���� »�� LDH
 D� ���

$%3 ��GrÉ Table 5
 ½l*í;. $2 ��É ñò��, ��

�3 Pp HCO3
−É 1.0
10−4� 1.0
10−2 mol/L' ün� Ppn Û�

$%J ün*N ®� Pp� ��Grn [$É -��N ®#J µ

Y �;. è`�é ���3 Pp� HCO3
−Éün� Ppn ün*N

®� ÕÖ
��; �:\ ��./¢n ûÆ 6n�J µ Y ��1

$� HCO3
−Éün*�  !3 pHn Î�*E $
 3� ��Gr3

Î�' ì"�;. »�� LDH3 Pp� Û�$%J ün*N ®� P

p ���3 ��./¢n 79.1%0 x� HCO3
−É 1.0
10−4 mol/L ü

n� Pp� ��./¢n H�2� 68.3%n 
 E HCO3
−É 1.0
10−2

mol/L' �rn �� Pp ��./¢� 2.4% \
 
N ®ó;. $�

»�� LDH� ��xäT Û�$%� �� ;Â #$%3 ôõJ ß

$ T� ÚJ -��� Ú$;. ̀ IE »�� LDH3 ��xäT  !

3 pHn 10$"$ 
� ün� HCO3
−� CO3

2−'  �' ()*k 
Z

CO3
2−n  ���$%3 ��T P]M&' xä*Z ëS�$ 0#J 3

·�;. 

4. � �

#$%
 D� ��7�J Ü� ���
� ���, è`�é ���
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