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HIGHLIGHTS GRAPHICAL ABSTRACT

» The MWCNTs/MnO, nanocomposite
were synthesized and characterized.

» The results showed that MWCNTs
were coated with 10.2% of the crys-
talline a-MnO,. o

» The MWCNTs/MnO, used for the
removal of lead ions from model and
real water sample.

» The adsorption was studied kineti-
cally and thermodynamically.

» The adsorption was spontaneous,
endothermic, and chemical in 008s00
nature.

This graph shows the differential pulse anodic stripping voltammetry measurements for the removal of
lead ions from spiked waste water sample by MWCNTs/MnO, nanocomposite.
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Multi-walled carbon nanotubes/manganese oxide (MWCNTs/MnO,) nanocomposite was synthesized,
characterized, and used successfully for the removal of lead ions from an aqueous solution and waste
water sample. The characterization techniques showed that MWCNTs were coated with 10.2% of the
crystalline a-MnO; (w/w percent). The adsorption process was optimized, and the results showed that
most of the lead could be removed from a solution with 10 mg MWCNTs/MnO, nanocomposite, at a
pH between 7.0 and 9.0, and within a few min. The adsorption was studied kinetically, and the results

Keywords: revealed that the adsorption of lead ions by a MWCNTs/MnO, nanocomposite from an aqueous solution
Carbon nanotubes . . .

MnO, could be described well by a pseudo-second-order model and the Elovich model. The mechanism of
Lead ions adsorption showed that the adsorption process was complex and involves a different step, but it was
Kinetic mainly controlled by a liquid film diffusion mechanism. The thermodynamic parameters were calculated,
Thermodynamic and the adsorption was found to be chemical, spontaneous, and endothermic in nature with positive
Real water entropy. The MWCNTs/MnO; nanocomposite was used for the removal of lead ions from a spiked waste

water sample, and the results showed that all the lead ions were removed.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction humans, animals, and other living creatures. Lead, for example, is

the second most hazardous substance according to the Agency of

Environmental pollution as a result of rapid technological devel-
opment is a serious concern for ecology. Heavy metals are major
pollutants of some ground and surface waters and are often present
in industrial or urban waste waters. These metals are harmful to
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Toxic Substances & Disease Registry (ATSDR, 2007) [1]. Lead in the
environment arises from both natural and anthropogenic sources.
Exposure can occur through drinking water, food, air, soil, and dust
from old paint containing lead. It is a very toxic element and human
exposure can result in a wide range of biological effects, depend-
ing on the level and duration of exposure. High levels of exposure
to lead may result in toxicity in humans, which causes problems
in the synthesis of hemoglobin; has an effect on the kidneys,
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