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Surface Complexation of Cationic Metal Adsorption
Onto Amorphous Aluminum Oxide
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ABSTRACT

The adsorption characteristics of cationic metals such as copper, cadmium, and lead onto the amorphous aluminum oxide,
AMA-L, which was mineralized from raw sanding powder at 550°C were investigated. Additionally, surface complexation
reaction of cationic heavy metals onto AMA-L was simulated with MINEQL + software employing a diffuse layer model.
From the batch adsorption tests in a single element system, the adsorption affinity of each metal ion onto AMA-L was
following order: lead > copper > cadmium. In a binary system composed with copper and cadmium, quite a similar
adsorption affinity was observed in each metal ion compared to the single element system. When the surface complexation
constants obtained in the single system were used in the prediction of experimental adsorption results, model predictions
were well fitted with experimental results of both single and binary systems.
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Table 1. Characteristics of AMA-L ( ¥} 2] , 2007)

Parameter Unit Value
Geometric mean size’ 0.013
True density* kg/ 2863
Total Al % (W/w) 52.73
Surface area* /g 233.77
Average pore sizet A 57.5
pHpze* 7.0

T Particle size analyzer (Mastersizer S, Malvern)
¥ Gas pycnometer (Quantchrome, PPY-7)

# XRF (PW 1480, Philips Analytical B.V.)

+ BET (Micrometrics, ASAP 2010)

* Acid-base titration
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Fig. 1. Adsorption of Cu(Il), Pb(IT) and Cd(IT) onto AMA-L as a
function of pH in a single element system (metal concentration in
solution =1 x 107 M; I =0.01 M NaNO;).
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Fig. 2. Metal speciation by MINEQL (metal concentration in
solution=1x 10 M; I =0.01 M NaNO;).
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Fig. 3. Kurbatov plot for Cu(II), Pb(Il) and Cd(II) adsorption onto
AMA-L in a single-element system.
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Table 3. Surface complexation parameters and reactions for
adsorption of Cd and Cu onto AMA-L

Adsorbent concentration (g L") 2

Surface site density (M) 6.98 x 107
Surface reactions log Ky
S-OH +H" 2 S-OH," 6.0
S-OH S-O”+H" -8.07
S-OH + Cu*" 2 S-0-Cu + H* 0.1%
S-OH + Cd* 2 S-0-Cd" + H* 2.7
T NIST (1995), * present study

100 v A\ 4
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01 ® Cui0*M

v Cu10°M
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40 - -+ adsorption + precipitation

Percent adsorbed
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Final pH

Fig. 4. Cu(IT) adsorption onto AMA-L (2 g ™' AMA-L; 1=0.01
M NaNOs). Symbols are the experimental data and solid lines are
model fitting (adsorption only) and dashed line is model fitting
(adsorption + precipitation), respectively.
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Fig. 5. Cd(II) adsorption onto AMA-L (2 g L™' AMA-L;1=0.01
M NaNOs). Symbols are the experimental data and solid lines
are model fitting (adsorption only) and dashed line is model
fitting (adsorption + precipitation), respectively.
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