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Modified plant-based sorbents for the removal of toxic metal ions

Kenessova A.K.%, Seilkhanova G.A.}, Rakhym A.B.!, Zhagiparova A.D.
! Al-Farabi Kazakh National University, Almaty, 050040, Kazakhstan
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The group of heavy metals (HM) is dangerous for the environment and humans since they
tend to accumulate in the body and affect to the natural processes of metabolism. It should be
noted that heavy metal ions do not have the ability to biodegrade, interact with each other and
with biologically important non-metals. The treatment of wastewater from metal ions is one of
the important environmental problems of our time. Sorption purification methods are one of the
effective methods to this problem; therefore, the development of new effective and affordable
sorbents is of relevance.

Natural materials such as fruit and vegetable peels are commonly occurs as a waste after
intensive contribution. Hence, development low-cost and effective plant-based sorbents are the
goal of this study. The peels were investigated to sorption activity towards Zn?* and Cu®* ions.
Orange and pomegranate peels were taken as initial materials, which then were modified by
polyethylene glycole (PEG) in order to increase their sorption activity.

Such methods as scanning electron microscope (SEM) and infrared (IR) spectroscopy were
applied to the initial materials and obtained sorbents to study their physicochemical
characteristics. To measure the concentrations of toxic metal ions atomic-absorption
spectrometer (AAS) was used.

Results have shown that modification of the initial materials enhances their sorption ability.
Micrographs obtained with a SEM show that modifying the initial orange peel (OP) leads to the
development of a microporous structure, which ensures efficient extraction of HM ions from
aqueous solutions, as compared to the initial. FTIR results show that in the original peels, the
maximums of the wavelengths of 2925, 1742, 1632 cm™ belong to the functional groups of
cellulose, which are components of plant tissues.

The degree of removal of the modified orange peel to the ions of Zn?* and Cu?* is (80+4)%.
In case of modified PP the removal degree of Zn?* ions is (80+3)% and of Cu®" ions is (70+5)%.
Based on study results the optimal concentration of PEG (0.1%) and optimal mass of sorbents (2
g for OP+PEG and 2.5 g for PP+PEG) were determined. For the description of process
equilibrium Langmuir, Freundlich and BET model isotherms were used. The most applicable
was Freundlich theory, at which the correlation coefficients were equal to R?=0.9936 (OP-PEG-
Zn), R?*=0.9995 (OP-PEG-Cu), R®=0.9976 (PP-PEG-Zn) and R?=0.9904 (PP-PEG-Cu).
Consequently, sorption of TM ions by modified OP and PP occurs at heterogeneous system with
uneven filling of active centers.

In order to utilize sorbents after sorption of HM ions they were applied as fertilizers to the
plants. Two samples of parsley were grown on the same soil at the same conditions, such as
room temperature, lighting and volume of added water. It can be concluded that the usage of
modified sorbents after sorption of HM ions improves the growth of plants. In addition, PEG,
containing in the sorbent, has property of retention of moisture, which also might influence to the
growth.

It is necessary to take into account the fact that the raw materials used for the development of
sorbents are plant wastes of food production. Therefore, it allows us to associate the problem of
their disposal with the purification of water resources and, as a consequence, to create wasteless
technology.
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