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ABSTRACT

Leonardite, a by-product from Mae Moh mine in Lampang province, was used as
an adsorbent for the removal of Cd(ll) and Zn(ll) from aqueous solutions. The
characteristics and properties of leonardite were determined using various techniques.
Individual and simultaneous adsorptions of the two metal ions in batch system were
studied. In a single-component adsorption system, adsorption of metal ions was
investigated at different pH, contact time, initial metal concentration, and temperature to
achieve the optimum conditions for metals removal. It was found that adsorption of both
Cd(I1) and Zn(I1) ions was strongly influenced by pH value. The optimum adsorption
conditions obtained were pH 6 and contact time of 60 min. Adsorption data were
interpreted using kinetic models, including pseudo first order, pseudo second order, intra-
particle diffusion, and adsorption isotherm models, including Langmuir isotherm and
Freundlich isotherm. Pseudo second order kinetic model was suitable for describing
adsorption of Cd(ll) and Zn(Il) on leonardite. The linear regression and non-linear
regression methods were applied for the assessment of the optimum adsorption isotherm
model. Error functions including root mean square error (RMSE), sum of the squares of
the errors (ERRSQ), mean absolute percentage error (MAPE), Marquardt’s percent
standard deviation (MPSD), and chi-square were applied in the non-linear regression
method. The Freundlich isotherm was more suitable model than the Langmuir isotherm

to explain the adsorption behavior of Cd(Il) and Zn(ll) in the single systems. However,

f



the adsorption capacities of leonardite evaluated from the Langmuir isotherm were found
to be 34.03 mg/g for Cd(Il) and 19.78 mg/g for Zn(ll). Adsorption of Cd(Il) and Zn(ll)
increased with the increase of temperature. Results suggested that the Cd(ll) and Zn(ll)

adsorptions on leonardite were the spontaneous and endothermic process.

For binary-component adsorption systems, Cd(Il) and Zn(1l) showed antagonistic
behavior. The presence of the other metal ion could decrease the amount of metal
adsorbed. Binary adsorption of Cd(I1) and Zn(Il) were tested with regard to four multi-
component isotherms: Extended Langmuir, Modified Langmuir, Sheindorf-Rebuhn-
Sheintuch (SRS), and Extended Freundlich. The Extended Freundlich isotherm proved to

be a good fit for the experimental data.



