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(a) α-FeOOH, (b) α-(Fe0.9Mn0.1)OOH,          

(c) λ-MnO2, (d) α-MnO2, (e) γ-MnOOH  

(0.5 mM Cu,Pb,Zn 
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, pH6) 

(a)�-MnO2  (b)�-MnO2  (c)�-MnOOH �
1 	
��� 

 

0

1

2

3

4

5

6

7

(a) (b) (c) (d) (e)


��, 
W

 /
µ

m
o

l

� m-2

Cu(II)

Pb(II)

Zn(II)



@ABCDE8ef�C^n®QP»¼�Rs�3efÅÆ8 ÷;<
Langmuir�½�}U3ef���½è©UsS

α-MnO2
n��R

Cu(II)
3
Pb(II)

CDE8ef���½¶ 3
n3��Us��efû

Ws
Nef��Âµ

Kc
½�

1
nþ�S¶ 3

¦x3
α-MnO2

cJ
Cu(II)

CDE¦x
Pb(II)

CDE8efû�C^_¨����R�N_þ�bsS
 

α-MnO2(K2Mn8O16)
8 ¡¢£J ]E!C^¢£N"#b3?$n%&L'(½oUPQRS�8'(n���RÎÏ��

(K+)
NõäUP

Pb(II)
CDE_ef�RNø)3@ABCDEef*8

K+
��û½öÂUsSÅÆ ÷¦x3efUs@ABCDE8+ûN��Us

K+
8û_%&�³LOPQsS­n=áQlm½îOséê8

K+
��ûNüý�RN3=áQ8,n��Us

K+
ûN@ABef*8

K+
��û_-.��U3@ABefûd-./01½þUPQsSUs_OP

K+
N8õän¦R

Pb(II)
CDEefJ-N2�3�<LQNø)<bRS

α-MnO2

 ¡8�4nJ ¡¢£8567ª_¨����RS�8�488'(¢£n�QP
Pb(II)

CDE_�E�E;<89:;<n¦xef�RNøùUsS
 

@ABCDEefï8�E�E���8�À¹ÁÂ�½=>�Rs�3
1 N?�31 N=��@^Ï���¦§AB=8CD=�kn¦R��ÅÆ½îOsSÅÆ ÷;<3

1 N ?�n¦R��ÅÆcJ
Cu(II)

3
Pb(II)

CDENNdn
Mn(II)

CDE_��UP�x3�E�E���8�EnFOP@ABCDE_��UsSrs
1 N 

=��@^Ï��J�E�E���_�E�R�NL�
Pb(II)

CDE_¨���UsSAB=nJ
Cu(II)

CDE8G_�H;n��U3efï8
Cu(II)

CDEJIÁÂL�Ñ�c��UPQRNø)<bRS
 

 - J0
 

1) 
�E�E���n¦R@ABCDE8¬­ef��J

PbKCuKZn
N3

3
C8³LR ¡¢£c/L8ef�MNO½þUsS

 

2) α-MnO2
n�QP

Cu(II)
¦x

Pb(II)
8ef�C^_¨Q�N½þUsS

Pb(II)
8efJ ¡¢£?8

K+
N@ABCDEN8CDEãän¦Rd8cJL�3 ¡�48'(¢£n¦OP

Pb(II)
½¬­¹nef�R�C^½P®NøùUsS

 

3) 
@ABCDEefï8��ÅÆ ÷;<3�Q��ÎÏn¦OP@ABCDE_���R�N½¯<;nUsS

 

 -RøST0
 

1) T. U. Aualiitia, W. F. Pickering, Water, Air, and 

Soil Pollution, 35353535 (1987) 171-185. 

2) W. Zhang et al., J. Crystal Growth, 263263263263 (2004) 

394-399. 

3) R. M. McKenzie, Mineral. Mag., 38383838 (1971) 

493-502. 

4) J. C. Hunter, J. Solid State Chem., 39393939 (1981) 
142-147. 

U
1 α-MnO2VWXYZ[\]^_`aWXbcWXdefg

 

0

2

4

6

8

10

0 0.2 0.4 0.6 0.8 1

����, C  / mM

�
�
�

, 
W

 /
 µ

m
o

l�
m

-2

hij
Pb kljPbhij
Cu kljCu

Pb

Cu

�
3 α-MnO2VPb(II)mCu(II)nopWXYZ[

 

Cu(II) 6.9 28.5

Pb(II) 9.3 27.7
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