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\\ Removal of mercury from aqueous solutions using composite
/-/nanomaterials of graphite with chitosan and magnetic chitosan

G.Z. Kyzas, N.A. Travlou, E.A. Delivanni,

IDepartment of Chemistry, Division of Chemical Technology, Aristotle University of Thessaloniki, 54124, Thessaloniki, Greece
Department of Oenology and Beverage Technology, Technological Educational Institute of Kavala, 65404, Kavala, Greece

ABSTRACT—In the current work, two novel forms of graphite oxide composites were prepared having as substrate chitosan. The first composite (GO-Ch) is a complex

between graphite oxide (GO) and cross-linked chitosan (Ch), while the other composite (GO-Chm) is consisted of GO and magnetic chitosan (Chm). The magnetism occurred in
the second case can strongly influence the properties of two polymers. A full characterization was achieved in order to study the properties of the composites synthesized. X-ray
diffraction patterns revealed the crystallinity and possible degree of order. The elemental analysis of materials evaluated using energy dispersive X-ray analysis (EDX), while their
morphology was observed with SEM. Also, TG analysis was realized revealing a significant difference in thermal behavior between the composites and the separate parts (GO
and Ch/Chm). FTIR spectroscopy was used in order to explain, via the shift of peaks, the new interactions occurred in the composites. Then, the composite materials prepared
used In adsorption experiments to bind/remove Hg(ll). The maximum adsorption capacity can reach 190 mg/g (GO-Ch) and 210 mg/g (GO-Chm) for the removal of mercury.
Kinetics as well as desorption experiments were done. Five cycles of adsorption-desorption were carried out.

Materials preparation Adsorption
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chitosan. GO were added In the solution prepared and the mixed system was stirred for 90 min in a water bath i i 2< i L
at 50 °C and further 60 min at 80 °C. Black products were washed with ethanol and distilled water and dried In j i ; _;f;g)\_ i ;
a vacuum oven at 50 °C. *Adsorption behavior of GO/CS and § . \ N
GO/mCS was drastically influenced N \vaié i
from pH conditions, while that of GO 1014 S ~ oGS 10
Ma‘rer'lals char'ac’rer'lzahon was unchanged. RS

0.8
0.6

DT@ F:HTR 3 @ XR*EL *Qmax of the Initial material of GO

GO "™ (187 mg/g) was increased to 381

0.4-
gﬁ mg/g (GO/CS) and 397 mg/g
5 05- GO- Hy (GO/mCS) mg/g. Increase of Qmax
R 04- | g o [ =+ for all adsorbents with the increase
Q ) \ GOCS| o — GOCS
B 8 “\ , . /\“’“T”idim of temperature.
2 2N g 5 : : :
2 | & / GOICS-Hy g *Klnetlcs were fitted to the pseudo—
% ' E ’ 5 J second order equation (R2~0.999). :
2 IS E L™ Faster adsorption for GO/CS anf 0 50 20 10 20 Z0 A B 400

 GamGs- Ho “| GO/MCS (equilibrium after ~150 min), it
milder equilibrium

Adsorption mechanism

0 100 200 300 400 500 600
Temperature (°C) 350030&)250020(1)150010(1)5(1) 0O 10 20 30 40 5 60

' Wavenumber (cm’) 29 (deg)

After Hg(ll) adsorption onto GO, a decrease In the interlayer distance S e Nl
between carbon layers was observed, in line with the presence of R [ N =y e g e, L x .

HgO onto surface * Exfoliation of GO layers after

Hg(ll) onto GO/CS. The
exfoliation/destruction of the
layered structure of GO during
synthesis of GO/mCS indicating
that carboxyl and epoxy groups
between GO layers reacted with
a significant part of the amino
groups of mCS containing
magnetic nanoparticles with a
Size bigger than that of its |
interlayer distance. After Hg(ll) Z B (LR
onto GO/mCS no other structural A Nl
change was occurred.

Hg(ll) adsorption

Proposed Hg(ll) adsorption mechanism (via characterization and

adsorption evaluation): chelation between amino groups of CSand Hg(1h.
Possible interactions between oxygen atoms from carboxyl or hydroxyl groups of GO—-
based material and Hg(ll) (especially at pH conditions where chelation does not favor).
adsorption mechanism (via characterization and adsorption evaluation):




