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Surface Acid-Base Properties and Adsorption Behavior of Heavy Metal Ions in
Aqueous Suspensions of a-Fe,0;, y-Al,O; and Their Mixed System

LIU Jia ZHANG Wei-Min WU Zhen-Sheng QIN Li-Hong SUN Ren-Gui SUN Zhong-Xi*
(School of Chemistry and Chemical Engineering,University of Jinan, Jinan 250022)

Abstract: The surface acid-base and complexation behaviors of heavy metal ions in aqueous suspensions of a-Fe,0;,
v-AL0; and their mixed system were studied by potentiometric titration technique and the corresponding equilibrium
constants were calculated using Constant Capacitance Model (CCM) according to surface complexation theory. The
experimental and calculation results reveal that the surface chemical reactions in the mixed system are quite
different from the sum of their individual single system due to complicated mutual interactions between the two
mineral surfaces. The surface chemical reaction models and relevant equilibrium constants in the mixed system are
established as:

=XOH+H*= =XOH," 1gK,=4.04

=XOH = =XO0+H" [gK,=-9.20
and the surface complexation model and constants of Cu** \Pb**.Zn?**in the mixed system can be well described by
following reaction:

=XOH+M* = =XOM*+H*
with log K of =2.50, —=2.25, -3.75, where M represents Cu*, Pb*, Zn*, respectively.
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Table 1 Titration parameters of a-Fe,0s, y-AlLO;, a-Fe,0y/y-AlLO; suspensions

Suspension C./ (g1 Sper / (w17 €, / (mol-L7) G, / (mol-L7) pH value
a-Fe,04/H,0 2.0 71 0.091 9 0.100 3 35~10.5
y-ALOYH,0 2.0 445 0.027 2 0.034 5 4.0~10.5
a-Fe,04/y-ALOyH,0 24 176 0.093 8 0.110 4 3.0~11.0

Notes: Sy denotes the BET surface area of solids in the corresponding suspension; and C,, C,, C, denote the solid concentration in sus-

pension, the acid concentration and the base concentration, respectively.
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Table 2 H; and D; values for different suspensions of a-Fe,0s, y-ALO; and a-Fe,0/y-ALO;

Suspension Spir / (m?+g™)

H./ (mmol - L") D, / (site-nm™)

0-Fe,0; 35
y-AL,0; 222
a-Fe,04/y-ALO; 73

1.20 10.24
2.86 3.84
1.04 4.78
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Table 3 Surface acidic and basic reaction constants for different suspensions of a-Fe,0;, y-Al,O;and a-Fe,0y/y-AlO;

Suspension C/(F-m? Ceo, / (mol-17) =XOH+H*==XOH, =XOH==XO+H" Vv,
a-Fe,05 20.0 3.5x10™ 1gK=4.49+0.03 1gK,=-8.24+0.02 13
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Table 4 Surface complexation constants of metal ions for different suspensions of
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=XOH+M*<==XOM*+H*

=XOH+M*+H,0=>=XOMOH+2H*

Suspensios C/(F-m?)
Cu® Ph> In* Cu? Ph> In*
a-Fe,0; 20.00 -2.10 -2.50 -3.60 ~10.38 ~11.91 -11.50
y-ALO; 4.00 ~1.80 -175 -2.20 ~10.08 -11.16 -10.10
a-Fe,04/y-ALO; 6.40 -2.50 -225 -3.75 -10.78 -11.96 -11.66
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The surface species of =FeOH,", =FeOH, =FeO~, =FeOCu",
and =FeOCuOH are denoted by dash line, dot line, dash dot
line, solid line, and the open circle line, respectively. H. =
0.7 mmol - L', and the concentration of Cu* is 0 (a), 0.35(b), and
0.7 (c) mmol - L
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Fig.7 Dependence of surface speciation varying with the
concentration of Cu*on pH value in the

suspension of a-Fe,0;

Fraction

pH value

a: blank; b: Cu*; c¢: Pb*; d: Zn*
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Fig.8 Fiting curves (the bold solid line) of metal ions
adsorption on the surface of mixed suspension.
The experimental data are shown in solid black

squares
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