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—OH(a)+M2T+X == —OM*"- X" +H*" (1)
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B, B, WFDRBRERTRIERHTHS. BE/ A VDE
E# B IM(molm™?) i, FRMEEHEEKDEE (mol m™?)
OfMELTRATEZ HNB.

r=[—oM*-X7]1+[(—-0),M] (6)

3 B

3.1 Bk (1)

FE(Lek (11D) W XTHROMIE (BRLFER) D a-Fe,0;
THBH. OMEKRE R FHERHRRAR CHR Rk L,
110°C T 1 BHEB LTV r— 9 —mTREFE L. &k
M Sppr(m’®g™"') WERKEICLS BET HETHREL
7z,

Vol. 43 (1994)

32 KREKBEEEDRE

0.5~70g DEEALE(III) ¥K% 0.01~6 M KEg{t )
FU Y ABK 50em® IZNz, ZOBBKRE 25°C T 4
REEILL EIR VB 7. B A FED 5 0 koo L,
PR DK A 4 v 2 IEBEERBRIC K OEEL
fo. BEALSK(II) W-FOBBIKRmKEBEE LT VA ) AR
FCIRAIT & O ERfFEES 519202,

—OH(a)+Nat—= —O -Nat+H" (7)

KEE A & VIR & D& H & REKBEE OREIFEE
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ALY BAERE S 12 0 DG4 4 ZBRABZRE L /2.
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FBUIOE 2Dz 2 5L TRRIAKBEZE N, &
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A% v DA 100 cm® 12 5~160 g dm ™ > DB T HE
U, KE(ET b)Y L ROWBRAEKZMH 0T pH %3
iUk, 25°C TIROEW 2. FHEBER (12
), pH Z2RIET 2 & & HINBRPOBEFA AV BE
[(M?*T](moldm™2) % AAS IZ LK DBIE L 72.

WEA A OREEE I'molm™?) 1&

. r=([M21]— [M2T])P/s (8)

22w, M) A4 4 Yy OTRMAEE (mol dm ™ 3),
V XBERAERE (dm?), S 3Bt EAERE (m?) T
5.

I CEREE M) RO pH OBfR %2 RO BRESE
BEE-ST.
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g ' Thotz. Fig. 11&, KBS MUY LABRKRPICH
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Fig. 1 Relationship between dissociated acid hy-
droxyl site density [—O~ *Na™*] and free OH™ ion
concentration
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Fig. 2 Adsorption isotherm of Pb?®" on FeyOs
with different pH at ionic strength 0.1 M (NaNOs)
and 25°C

Points: experimental; Curves: calculated
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Fig. 3 Adsorption isotherm of Cu?" on Fe,O4

with different pH at ionic strength 0.1 M (NaNOj;)
and 25°C

Points: experimental; Curves: calculated

2+
Zn - F9203.

-7 -
©° 6-0
£ -8
C 55
(o]
Lo
9L 5.0
4.5
. I ] |
-6 -5 -4 -3

log (CZr2/ mol dm"a)

Fig. 4 Adsorption isotherm of Zn?' on Fe,O4
with different pH at ionic strength 0.1 M (NaNO,)
and 25°C

Points: experimental; Curves: calculated

E2D & k<~ LT 5.

Fig. 2~5 1, BR{LEk(III) ~OE4 D “MELE A
Y OREFERFEEZTRT. BEA AV OREHE i
AR [M*Y] RO pH & & 108Ny 5. =81
WEFER (R) ~EFVKEYRTIED, EFTNNISS
A— 5 —DRBELRE U7 (Table 1). KOEEHIE
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tog (M / mol m2)

log ([Co?*1/ mol dm )

Fig. 5 Adsorption isotherm of Co®t on Fe,0Os
with different pH at ionic strength 0.1 M (NaNOs)
and 25°C

Points: experimental; Curves: calculated

Table 1 Values of stability and suppression con-
stants for divalent heavy metal ion-Fe;O3
surface complexes at ionic strength 0.1 M
(NaNOQs) and 25°C
complex log K, logB,° logB, logB,
Co®t-Fe,0;  —6.32 —0.745  1.62 2.23
Zn®"-Fe,0;  —6.07 —0610 1.75 2.81
Cu?*-Fe,0; —428 0003 216  0.922
Pb2T-Fe,05  —3.70 1.40 1.78 1.70

K,°(mol ! m?), B,°(m™")

BT A — 7 —fEIC L BEIEER T, BUHEEO—HK
WRIEFTH 5.

A X VEIZ L ABRERIMEOENZ IS 5720,
WOEMHELT MT]=10"°M, [Fe,03]=20¢g
dm™® T, EHEEBEOREEFEHEMEER» 64 A+
OWHESRE pH OB E L TEHEL 12 (Fig. 6). 4
* v OREBHEMEDFF L, P2 >Cu?t >Zn®"
>Co®" THB. '

b4+ vidkbce Fax vEREERL D %
B, REBAEE OMBIZ S Y (1: 1) REFHE
OREETEH K, EXRAITE>TERTS (1:1) & K
0¥ VEKOREEER KPP oGRE Tu v b
Utz (Fig. 7).

M2t +OH == MOH"* (9)
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Fig. 6 Calculated fractions of adsorbed metal ions
as a function of pH for [M?**];=10"°M and
[Fe,05]1=20gdm ™ ® at ionic strength 0.1 M
(NaNOj3) and 25°C

log K]OH

Fig. 7 Correlation between stability constant of
surface complexes K,° and that of metal hydroxo
complexes K;°H

log K;° vs. log K\°F 70 v MIHE | OERBIFICHE
S>THBY, b FuF Vsike REERDLEEIC I3MmRD
TEOHEBENH 5. AHFE T, BRELZETEEYA 4
v HREA A v AOETIEGTIC & B RAESATER &
ULTETFMELU 22, RESEKOREREN, FERRICEL
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AL v oDBFIMPEIC LI THEKT S L Faxy
EERORTEE L LFVHBEZRT &1, COBREET IV
EXBTHEHDTHD.

RO VEEEEVRTWVA A VIZERBINR T
W EREHELDALHEONTHBY, b FuFx vsiksr&h
TEOMBEZEZD “MKSRBRETV PREINLTH
BP0 LU, ZOETIVITIZESE S HPEHRS ¢
BUEROES BRIE S S, BB, T2/ TA+ VM
BT FuXx VEEESMD s pH £ T 6 & <#FT
LN, ZOREREMOBRSOWEIZL-> THHAT S
WIS REITR & A P AE Bl % € U 72 I s &
O, X2 Faof vtk MOHT »PIRET 5 %
DEFTNE, OB FEER L, KIST 25 ffifFA 4
YTHBTNAIVEEAL A D 10°~10" 56 DEIC
KA, UL, SBERICEENEIKBEDESAE AT
b, FU—fig4 4+ B0k BENVESHET 22
CIEE L. X, BRECZADERYA PB4 YD
HENSINVEBELHESZ L TVWEIE%2EZLE, B
BRIO/NS 2 FOX VK (+1) PEBEEHOAE W
TIFAAY (+2) KORBEBAESKENEF S
ERARERTH 5.

ABIFE T, B (I WTEREADO MELE A
Vv ORERIEEETNMEL, TEFAMISTRA—F—p 5
A X v ORERMMEZFRBIVIFME L. 44> 0RE
BAME S v RO %V SRIEREEDRIC K WABBIN S 5 &
EZRWIZL, WMEOHEEZRET L.

KRBT, CEREREMIEE (05680438) ICk -7,
LTHEELZERT 5.
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Modeling of divalent heavy metal ion adsorption on the surface of iron(IIl) ox-
ide particles. Hiroki Tamura, Koji OkiTA™, Noriaki Katavama™ and Ryusaburo
FuruicH® (*Research Group of Materials Chemistry, Faculty of Engineering, Hokkaido
University, Kita-13, Nishi-8, Kita-ku, Sapporo-shi, Hokkaido 060; ** Asahikawa National
College of Technology, 2-2, Shunkodai, Asahikawa-shi, Hokkaido 071)

Soils and sediments contain metal oxide particles and control the concentration of
heavy metal ions in natural waters at low levels by adsorption. The adsorption
isotherms of divalent heavy metal ions on the surface of iron(III) oxide particles were
obtained, and modeling of the adsorption reaction was made to describe and predict wa-
ter quality. The model assumes (1) surface complex formation due to the (1 : 1) and (1 :
2) cation exchange reactions with protons of acid surface hydroxyl sites and (2) suppres-
sion of the reactions by a linear increase in the Gibbs free energy change (AG) with the
surface coverage. From the model parameters, it was found that the adsorption affinity
increases in the order: Co’" <Zn?* <Cu?"<Pb?*. There was a good correlation be-
tween the stabilities of surface complexes and hydroxo complexes for these ions. This sup-
ports the surface complexation model which assumes that metal ion adsorption is due to
the donation of electron pairs from the lattice oxide ions to the metal ion.
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