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Abstract ThePE* adsowption behavior of bimessiie w ith high Mn average oxidation staie (AOS) before and after tream ent by preadsorption of Zn?
andM n* was canpared. The association of vacantM n octahedral sieswih Ph* adsorptionwas delem ned fran the AOS d ( 110)~interp hnar spacing
maxinum Ph?* adsoption and maxinu Zn%* andM ** rekase during Pb** adsomption by the bimessiies bebre and after treament The AOS and
d( 110)-nterp bnar spacing of the bimessites ram ained al ost un changed as the concentration of Zn>* ncreased ndiative of an unchanged numb er of
vacantM n octahedral sies M axinum Pb* adsoiption decreased fran 3190 to 2030 mm ot kg™ ! due © Zn* occup ancy of the adsop tion sites W hen the
concentration ofM i** the pretreatm ent increased fran 1 to2 4mmot L™ ! the AOS of he bimessies decreased, andmost of heMn?* was oxidized
oMn** Dbeated above or belw vacantMn octh edral sites orm igrated into vacantM n octahed ral sites The d ( 110)— interp bnar spacings of the treated
bimessies ncreased fran Q 14160 o 0. 14196 nm, ndicative of a decrease in the nunber of vacantM n octahedral sitess mainly due © the produced
M n* m igrating into vacantM n octahedral sies M oreover the maxinun PH** adsorpton of theMn?* — treated bimessitesw as observed to decrease fran
3190 © 1332 mmot kg~ . The results suggest that bimessite Ph* adsomption capaciy is higely detem ined by the num ber of M n site vacan cies
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mtg ). Zn” (2, :
HBO , 372~639m*g ' In’ , 100~

200 nm (2 \
M Z HBO ).
1 HBO* 7 Mn* Zi#* 2
Table1 Mn** or Zn>* adsobed on theHBO during pretream ent Table 2 SSA and AOS of the sanplks
Mn2* HB(* 7 7t HBO / /
I M / w* A0S g 1) AOS ey
(mmot L™1)  (mmot kg 1) (mmod L™ 1) (mmod kg 1) HBO 2 96 g 84
Lo 260 Lo om M1 385 27 6 Z1 3.95 636
L3 880 L3 870 M2 385 390 72 394 49 3
L8 1060 18 1060 M3 38 445 73 3.96 405
20 1170 20 1 M4 378 503 74 3. 96 372
22 1310 - - M5 377 567 -
24 1440 z4 1410 M6 375 610 5 3.96 514
2 TEM (a HBO.b M1 ¢ MG d ZL e Z5)
Fig 2 TEM iages ofthe smpks(a HBO, h M1 ¢ M6 d ZL e Z5)
3 Mn" Zn” HBO Mn”
(110) . \ (110) M 1 mmol L,
: 3 85 dio Q 14161 nm; Mn”
(310) , 2 4mmot L, 373
(113) . 3 , do Q 14196 nm.
HBO  dio Q 14160 m. Mn" T2t HBO diro
HBO , do
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mm ol kg_I ’ Mn Co
M o2 It (fw = Q 066 nm, ree = Q 063 nm),
Mn2+ C02+
B0 ’ , (n (3
! " “ = 41 @tk duoEP B E A
M2 100 72 249
M3 172 73 285 ’ ’
s Mn
M4 157 74 312
0"
M5 270 - - ? ?
M6 281 75 560 ’
(110) .
4 (D iS(}uSSi)n) ( Baﬂe}; 1966). Zl
Zi d“() s ?
Mn2+
, Ph”* HBO M1 M6 :
, Mn™ Zn" do )
Ph” , Mn™*
Mn™ HBO , Mn™
s " Mn Mn3+, Mn*
, Mn2+ i C02+



8 : Zn*t Mn™

PE* 1663

2+

(M anceau et al , 1997).  7Zn

B

(M anceau et al, 2002),

42 M ZZF\#EE POR LR F M 5 Zn'

, Ph

44 M ZEFI S EMH P ERKEE X PY
AR E

2+

M Z Pb
H B Mn'" Zn” 5
1 , HBO Mn™  Zn" 6 5 6 HBO Mn~ Zn™
, Mn™"  Zn™ , M Z Ph™
Pb .M Mn'™ HBO . Zn" Z
z In’ Ph’ (2030~ 2670 mmot kg )
, 2 . , Mn™ M PL”
HBO* 7 Mn™  Zn® (1330~ 1740 mmot kg '). N/
Mn Ph” Zn”'
Pb . Pb ., Pb (“Zn”" ”  Zn Zn
Mn™ ) (2781~ 3148 mmot kg ')
Pb Mn™* , HBO Pb” (3190 mmok kg ')
Mn™  Mn", Mn" , 10%
M ’ Mn™ 5 2 Ph** Zn?*
4 3 7Zn Mn7}(ﬁ§ %#{E’]Hﬁf& Tabl 5 Maxinum Pb?* adsoptin on the Z series smpls and
7t M2 72 maxinum Zn** released during Pb*  ad sorption mm ot kg™ !
S M2 (Kzn = 10°° 0’ K = 10 10 6) ( Bradbuzy A P ) il (Znll+ PhI)
HBO 0 3190 0 0 3190
etal, 2005). ’ 71 600 2670 155 445 3115
2) 870 2160 249 621 2781
, , (Feng etal, 73 1060 2110 285 775 2885
2007). Zn'  Pb’ 74 1170 2290 312 858 3148
Mn™, PHY , Pb 7. VA 1410 2030 560 850 2880
S M 7 s In% HBO  Zn* , P PK
Mo ’ Mn , Zn2, Zn** , Zn2* Zn?*
6 M Pb* M n?*
Table6 M axinum Pb** adsoption on theM series sam ples and m axinum M n* rekased during Ph?*  adsorp tion mm of kg !

M nZ PH* MnZ M 2, (M nZ, + Pb*) (M2, + P )

HBO 0 3190 7 0 3190 3190

M1 560 1740 86 474 2214 2688
M2 880 1630 100 780 2410 3190

M3 1060 1450 172 888 2338 3226

M4 1170 1610 157 1013 2623 3636
M5 1310 1550 270 1040 2590 3630

M6 1440 1330 281 1159 2489 3648
M nzu:: HBO Mo* ¢ ”, l:’bg+ Ph%* , M n%:l Mn* s Mnlz,.,: PR+

Mt 7 Mt M )
Zn2+

2+
Zn

Zn

2+



1664

29
R Zn' . , 5
HBO  Zn” Mn™ ,
, HBO M Ph*
Ph** HBO R/ HBO
2+
Pb ) Zn 5 (Conc lusbns)
HBO Pb
M ( 6), Pb 1) Zn  Mn" :
Mn , « ” :
11. 46 ~ 20 6. HBO Mn® 2) Zn”* : Zn’
, Mn R Mn > dio ,
k , In”
Ph* Mn  Zn” , Ph’ Mn™
, Z R Mn Mn™* s
. M Mn' :
Mn Mn' M n’
M PL Mn” :
Mn (2214~ > dino : ,
2623 mmot kg ') Ph”
(3190 mmot kg 1), 3) Zn” Mn” )
Mn Zn Ph™*
. 2 Mn
, HBO Mn™ , Mn
XL (1957—), B, LEF WL, 2, Wt
Mancean  (2002) é%l)ﬂ?.igﬁ?ﬁﬁrﬁj:i%éf#@# +HENE T RS
%%, Fmail lufan@ mail hzau edu cen
. 16 76,
100¢ mol ', Pb** (References):
i Pb2+

1670 mmot kg .

HBO Pb° 3190 mmot kg,
2 . , Pb”*
Mn , Mn
’ Pb2+
Mn
(2688 ~ 3648 mmot kg ')
Ph** (3190 mmot kg '),
Mn
( ). ,Mn™  HBO
: Mn ,
7 Mn2+
7 Mn2+ Mn3+. Mn3+

Appeb C A ] Posma D 199, A consstent model for surface
comp lexation on bimessite (M nO,) and is application to a cohmn
experinent [ J]. Geochinica et Cosnodimica Actn 63
3039—3048

Baily SW. 1966 The Status of ClayM meralStuctures [ J]. Clays and
C by M inerak 14 1—23

Bradbury M H, Baeyens B. 2003 Modelling the soption ofMn( II), Co
(1D, Ni(1D), Zn(1I), Cd(ID), Eu(1I), Am (I0), Sn( V),
Th(N), Np(V) and U (VI) on monmorilbnite Lnear free
energy relatonships and estinates of surfice binding constants for
sane selected heavy metals and actinides [ J]. Geochinica et
Cosnochm caActa 69 875—892

BumsR G. 1976, The uptke of cobalt nb ferran anganese nodules
soils and synthetic manganese ( V) oxides [ J]. Geochin ica et
Cosnochin caActa 40 95— 102

DritsV A, SilvesterE, GorhkovA T etal 1997 Stucture of synthetic
monoclinic Na-rich bimessite and hexagonal bimessig 1 R esults
fran X-ray diffraction and sekcted-area ekcton diffraction [ J].

American M neralogist, 82 946—961



8 : Zn*t Mn™

PE* 1665

Feng X H, ZhaiL M, TanW E et al 2007. Adsomption and redox
reactions of heavy metak on synthesized Mn oxide m nerak [ J].
Enviomental Pollution, 147: 366— 373

Golden DC, Chen C G Dixon JB. 1987. Transfom ation of bimessite to

todorok ite
treament[ J]. Chys and ClayM merals 35 271— 280

Kijma N, Yasuda H, Sato T, etal 2001
Characterzation of Open Tunnel Oxide [ alpha]-MnO, Precipitated
by Ozone Oxiation [ J]. Joumal of Solid State Chem istry, 159
94—102

Lanson B, Dris V A, FengQ, et al 2002a Structure of synthetic Na-

buserite and manganite under m id hydroth em al

Preparation and

bimessite Evidence for a triclnic one-lhyer wnit cell [ J].
AmericanM mnerabgist 87 1662— 1671

Lanson B, Drits V. A, Gailbt A C, et al 2002b. St cture of heavy
metal sotbed bimessite Part I Resuls fran X—ray diffraction [ J].
AmericanM merabgist 87 1631— 1645

M anceau A, Charktl. 1992 X-ray absorption spectoscop ic study of the
soiption of Cr( III) at the oxidewater nterface 1 M olecular
mechanisn of Cr( Ill) oxidation on Mn oxides [ J]. Joumal of
Colbid and Interface Science 148 425— 442

Manceau A, Dris V A, SilvesterE, etal 1997. Stucturalmed anism
of Co ( super 2+ ) ox iation by the phyllan angan ate buserie [ J].
AmericanM merabgist 82 1150— 1175

Manceau A, Lanson B, Drits V A. 2002 Stucture of heavy metal
sotbed bimessite Part It Resulis from powder and pohrized
extended X-ray absompton fine stucture spectroscopy [ J].
Geochmica et Cosnochimica A cta 66 2639— 2663

M atocha C ] ElzingaE ] Spatks D L. 2001 R eactivity of Pb( 1) at
theM n( IIL V) (Oxyhydr) Ox deW ater Interface [ J]. Envion Sci
Technol 35 2967—2972

M &Kenzie R M. 1971. The synthesis of bimessie crypomehne and
san e other ox ides and hydwxides of m anganese [ J]. M neraIM ag
38 493—502

M KenzeRM. 1980. The adsorption of lead and other heavy metals on
oxides of manganese and ron [ J]. Australan Joumal of Soil
Research 18 61—73

OReilly SE, HochellaM F 2003 Lead sorption efficiencies of natural

and syntheticM n and Fe-oxides [ J]. Geochmica et Cosmochin ica
Actg 67 4471—4487

Peacock C L, Sheman D M. 2007 Sormption of Ni by bimessite
Equilbrum controk on Ni in seawater [ J]. Chenical Geology,
238 94— 106

Post J E. 199. M anganese oxide m merals Ciystal stuctures and

econan i and environmental significance [ J]. PNAS 96
3447—3454

Silvester E, Manceau A, Dris V A. 1997 Stucture of synthetic

monoclinic Na-rich bimessie and hexagonal bimessite 1I R esults

fran chem ical studies and EXAFS spectroscopy [ J]. American
M mneralogist 82 962— 978

TonerB, M anceau A, W ebb SM, et al 2006 Zinc sorption b biogenic
hexagonalbimessite particles within a hydrated bacteral biofin
[ J]. Geochimica et Cosnochim icaActg 70 27—43

TuS RaczG ] GohTB 194a Transbm ations of synthetic bimessite
as affected by 1 and m anganese con centraton [ J]. Clays and C ly
M merals 42 321— 330

Tu§ RaczG ] GohT B. 1994h T ransfom ations of syn thetic b imessite
as affected by H and m anganese concentraton [ J]. Clays and C hy
M merals 42 321— 330

V ilklobos M, Bawgar J Sposito G. 2005. M echanisns of Pb ( II)
sorption on a biogenic manganese oxide [ J|. Environ Sci Technol
39 569— 576

V ilhlobosM, Lanson B, M anceau A, etal 2006. Stuctiralm odel for
the biogenic Mn oxide produced by Pseudomonas putida [ J].
American M meralogist 9t 489—502

V ilalobosM, Toner B, Bargar ] etal 2003 Characterizaton of the
m anganese oxide produced by pseudanonas putida stran MnBI1
[ J]. Geochm ica et Cosnochim icaActa 67 2649— 2662

Webb SM, Tebo BM, Bargar JR 2005 Stwmctuiral diaracterization of
biogenicMn ox ides produced in seawater by the marinebacillus sp
strain SG-1 [ J]. AmericanM inerabg st 90: 1342— 1357

XuY, Boonfueng T, Axel, etal 2006 Surfice canplxation of Pb
(II) on amorphous ion oxide and m anganese oxide Spectoscop ic
and tme swudies [ J]. Joumal of Collodd and Interfice Science
299 28— 40



