
���� �� ���	
���� �������
���������	
������������������

  ���������  !"#$%&'( )*+,
  -./0

 123456789:;<=>?@ABCDE8FGHIJ@KLM:NLOPQRS@ABCDE8FGTNUPVWXYTZ[\]C^T_`a<b3?cdefTJghi8jklmnopLlmTcqRSrsefTJ@AB8tuFG_vwcqx3yzFG8{|;<do}L~TN�bPQRSefTn}Q<bRAB����ef�nJ
goethite(�-FeOOH)

Z�=����
(HFO)

3=��������
(Al(OH)3)

3�E�E���L�_�<bP�x3�n�E�E���J�n��Refw_��3�k
pH
n��R���_gQ�N_���bPQR

1)
SU;U3@ABefn��R�E�E���8 ¡¢£8¤¥3�¦§¨©ª�n�«R¬ef�n®QPJ¯<;N�bPQLQS

 °±²cJ3 ¡¢£8³LR´µ8�E�E���
λ-MnO2

3
α-MnO2

3
γ-MnOOH

3
(¶ 1) 

nf·U3@ABCDE8ef`¸;< ¡¢£¹Kºn®QP»¼�R�N½·¹NUsSrsef@ABCDE8¾¿��N�b<8�E�E���8�À¹ÁÂ�8ÃÄ½»¼UsS
 

 -ÅÆ~T0
 hi½ÇÈUsÉÊËÌ�=�k

45 cm3
NÍ�E�E�ÎÏ��

1.0 g
½ÐÑU3ÒÓÔÕnÖbP

413 K
nP

12 h×Ø�Ùγ-MnOOH
½Ñ©Us

2)
Srs3

333 K
nÚÛUsÍ�E�E�ÎÏ���k

 

80 cm3
nÜ��E�ENÝ�8ÐÑ�k

100 cm3½ÞO�xßàUP
α-MnO2

½Ñ©Us
3)
S�<n

LiMn2O4

8�áân¦RCDEãäT½}QP
λ-MnO2

½Ñ©Us
4)
S
 åæhi

0.5 mM 
8

Pb(II)
3
Cu(II)

3
Zn(II) ç��kn3èÈUséê½ëÚU3

303 K
3
3 h
8ìícefÅÆ½îOsSefÅÆïn�k?8ð�ABCDEhi½

ICPñòªòªóôõn¦OPöÂUsS
 

 

 

 

-ÅÆ ÷�¦§øù0
 �E�E���8ú@ABCDEefû½=����ef�NUP�<bPQR

goethite
NüýUs ÷½¶ 2 

nþ�S ÷¦x3�E�E���_
goethite

nüÿP�Q@ABCDEefw½oUPQR�N_�;RS�<n
goethite

8@ABCDEn��Ref��J
Cu>Pb>Zn

cqR_3�E�E���J
Pb>Cu>Zn

N
Pb(II)

CDE8ef¬�_��3 ¡¢£_³LOPdef��_��UPQR�N½þUPQRS
 

      Sample 

 ¶2
úef�n¦R@ABCDEefû

 

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

(c) λ-MnO2, (d) α-MnO2, (e) γ-MnOOH  
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Cu(II) 6.9 28.5

Pb(II) 9.3 27.7
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