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Table 1 The basic poperties of the examined Fe Mn nodules in soils
Fe-Mn nodules in soils
Sample  Location  Sol types Parent Fe, 04 MnO, (1]
. Partticle size pH?
No. material gkg ! gkg! Types of Mn minerals
('mm) )
NE1 <5 7.43 104.7 278.8
N2-1 <5 7.84 120.8 99.4 R
N41 <5 7.33 108.4 98.9 s
N5-1 <5 7.96 271.1 105. 4 s
N6 1 <5 6.51 212.3 85.4
1) 12.5pH in I 2.5 sample-water suspension
12
1.2.1 0.25 mm
1.2.2 NH,OH*HCI(HAHC) I 100 0.1 mol " "HAHC( pH3. 0),
%h, (i
1.2.3 0.1g 50ml
s 10ml( 7/ I 100), KNO4
0.01, KOH HNO;s pH=5.5 25C R 2 h 24h s
10 ml(pH3.0) 0. 1 mol L™ 'HAHC, 25°C 2h, R
1.2.4 KRATOS XSAM800X
,  MgK.X Mny, (BE) 3% 1077 Pa 16 mA,
12 5kv, 47, 10.1 eV XPS Mny,3/2 ,
Cis= 284.60eV
2
2.1
1 s N51> N6 1> N2 1> N4
1> N1, N51 N6l \ 271.1 gkg ' 212.3 gkg ',

2~ 2.5

NE1> N51> N2 1> N4 1> N6-1,

NE1
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(278.8 g kg ). 2~3 N6 1 (85.4gkg )
2Nt1  Nel :N21 N4l
:N5-1
X (XPS) (2, +3
+4 +2  Mn* NE1 ,N61 N4-1 N2 1 ,
N5-1
2
Table 2 Percentages of Mn valences in the examined Fe-Mn nodules of soils
Sample No. Percentages of Mn valences (%)
Mn’* Mn*
NE1 14. 8 85.2
N21 53.6 46. 4
N41 43.6 56.4
N51 58.9 41.1
N6 1 38.8 62. 1
2.2
1 ,NEI N6l pH5.5 P
Ph** 0.1mmol L™ " | NE1 N21 N41 N61 Ph**
Pbh* , 0.5mmol L', Pb** ,
N5-1 Ph** 0.5mmol L™ ' | ., L5mmol L™’
: . cd™ ' Nit Zn®
Pbh* N5 1>
N41 N21> NE1> N6 1, N5-1 \
N41 N2l ., NEl N6l Co™*
\ o™ Nt 1 N41 N21
Langmuir , r> 0.93
(n= 8,p< 0.01), , Pb Cd Co Cu Ni  7n
Langmuir , 3( 3 ) ,
, ( : mmol kg™ ') /Pb* ~ Cu®
> Zn* > Co™ > Ni** > Cd* ,
) , Pb Cu
Zn N5 1> N21> N41> NF1> N61, Ni Cd N5 1>
N41> N2 1> Nt 1> N6 1 , N5 1 N2 1

N4-1 NE1 Nél
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Adsorption isotherms of heavy metal ions for the tested Fe-Mn nodules in soils
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Table 3 Maximum amounts of heavy metal ons adsorbed by Fe-Mn nodules and Mn minerals

(A) (B B/A
lon type Sample No. Amount of A dsorption amount (%) Amount of apparent
maximum adsorption of Mn oxides adsorption of Mn minerals
mmol kg™ '(nodules)  mmol kg™ '( nodules) mmol kg~ '(MnO,)
NE1 170 80 47 376
N2-1 233 140 60 1673
Ph2* N4-1 204 133 65 1690
N5-1 313 169 54 1848
N6-1 137 &0 44 874
NE1 3% 3 95 159
N2-1 ) 39 93 463
(ot N4-1 4 41 94 528
N5-1 76 66 87 728
N6-1 2% 19 74 281
NE1 7 7 100 340
N2-1 6l 6l 100 731
Co™ N4-1 7 7 100 910
N5-1 110 110 100 20
N6-1 18 17 95 24
NE1 13 67 50 315
N2-1 185 102 55 1221
Cu?* N4-1 164 107 65 1357
N5-1 313 166 53 1814
N6-1 % 80 81 1167
NE1 4 4 100 210
N2-1 48 48 100 579
NiZ N4-1 55 55 100 705
N5-1 91 75 83 826
N6-1 3 21 65 300
NE1 6 55 80 261
N2-1 % 7 80 940
Zn?* N4-1 76 6l 81 782
N5-1 154 13 80 1348
N6-1 R % 75 349
. pH3.0 0.1 mol L'

(HAHC) e HAHC
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, HAHC
, , ( 3 5
Pb  Cu Pb  Cu 50% ~ 65% , /n

80% , Co Cd Ni 90% ~ 100% ,

~

3 4 ; , Cu Ni Cd
N51>N41> N21> NFI1>Né1, Pb 7n N41 N21
, N5 1> N+1> N41> N2 1> N6- 1
NE 1> N5 1> N2 1> N4 1> N6- 1, N+ 1
; N51 ., N21  N41 20% ~
30% ,
NE1 Co™* (72 mmol kg ) N41 N21 (61~
71 mmol kg~ 1) s , Co**
Mn**  Mn** Co™ , Co™ (68 NE1
MnOz2 Mn** s Co™*
36 \ Pb CuZn Ni Cd
( : mmol kg '): N5-1(727~ 1848)> N4-1(528~ 1690) > N2 1(463~ 1673)> N6 1( 280~
1167)> NE1(159~ 376) , ;

60% ~ 100% ,
N5-1 N4 1 N2 1 ,NEl N6l N5-1
,N2-1 N41
Nkl N6l , .

, , N5-1
N21 N41 Nk1  Nél Mnr-O

(AL Li) (OH) 6 , Mg O

(Al Li) (OH) 6 ; Mga-0

, Mg O
, , N41 N21
N+1 Né6-1
(TEM) : TEM ,

) , 20 nm~ 40 nm
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500 nm~ 1000 nm, @ ,

11.

30 nm~ 60 nm; , 5

N5-1 Mn* ,
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ADSORPTION OF HEAVY METAL IONS ON Fe-Mn NODULES IN
SEVERAL SOILS AND TYPES OF Mn OXIDE MINERALS

LiuFan Tan Werfeng Liu Guiqiu Li Xue-yuan He Ji-zheng
(Key lab ¢ subrqicd soil resource & erwironment, Minustry of Agriauiure.
Huwzhong Agriaulturd University, Wuhan — 430070)

Sunmary

Some heavy metal ions were strongly adsorbed by Mn oxide minerals in soils and aquatic environ-

ment. The results showed that the amount of heavy metals( Pb, Cd, Co, Cu, Ni, Zn) adsorbed by Mn oxide
minerals in Fe Mn nodules in soils from China accounted for 60~ 100 percentage of the total anount of the
heavy metals absorbed by the Fe-Mn nodules. The heavy metals adsorption capacity varied with types of Mn
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oxide minerals in the Fe-Mn nodules. The amount of heavy metals adsorbed by Mn oxide minerals which
oontained todorokite and lithiophorite in Fe-Mn nodules of Shajiang black soils in Shandong province was
the highest, that of yellow-brown soil and yellow- cinnamon soil in Hubei province with birnessite and lithio-
phorite next, and that of red soil inHunan Province which contained only lithiophorite the lowest. Difference
in structure and crystallinity of the Mn oxide minerals led to different amounts of heavy metals adsorbed by
Mn oxide minerals in the Fe-Mn nodules. The contents of Mn oxide minerals and percentage of Mn( IV) in
nodules affeded the amounts of Co* adsorbed by Fe-Mn nodules because Co** was oxidized to Co™ in
the process of Co** adsorption.
Key words Soil, Fe-Mn nodule, A dsorption, H eavy metal ion, Mn mineral



