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Engineering Clay-Alginate Composites for Enhanced
Tetracycline Removal: From Ab Initio Insights to
Sustainable Processing

AEE, T, Ems kiEy”

1 AR BRIL IR

This study evaluates the performance of
montmorillonite/sodium alginate (MT/SA) composite
beads for tetracycline (TC) removal, comparing two
preparation methods: freeze-dried (FD) and oven-dried
(OD). Both adsorbents demonstrated high TC removal
efficiency, with batch adsorption capacities ranging from
445 to 499 mg g, surpassing the performance of

previous adsorbents. The OD method (60°C for 12 hours)

showed a 10% higher efficiency under various conditions.

XRD analysis indicated that no crystalline TC
precipitated, with adsorption primarily occurring on
external surfaces at lower TC concentrations. At higher
concentrations, MT/SA/FD showed expanded d (001)
spacing, indicating significant interlayer adsorption.
FTIR spectra confirmed the integrity of the clay and
alginate structures, with band shifts suggesting that TC
adsorption occurred through electrostatic interactions.
SEM analysis revealed enhanced crystallinity in MT/
SA/OD samples, contributing to improved adsorption
capacity. Fixed-bed column studies supported these
findings, with MT/SA/OD and MT/SA/FD showing
maximum adsorption capacities of 7.41 mg g and 0.68
mg g ', respectively. Both adsorbents effectively treated

BiBe, M 350002

100-bed volumes within 150 minutes at Ct/C0 = 0.1. The
Thomas model provided an excellent fit for breakthrough
curves (r* > 0.98). In addition, the ab initio molecular
dynamics (AIMD) simulations show that the formation
of water "bridge" and charge transfer on the surface of
TC and MMT, as well as the formation of hydrogen
bonds between the —OH, —NH,, and —CH; functional
groups on TC and MMT surface may play a key role in
the entire adsorption process. These millimeter-sized
composite beads offer practical advantages for
large-scale water treatment, including easier handling
and reduced pressure drop. The fabrication process,
especially for MT/SA/OD, is simple and energy-efficient.
This approach, which combines natural earth materials
with cost-effective composite materials, provides a
scalable and high-performance solution for water
contaminant removal. Future research should focus on
process intensification, regeneration methods, structural
modifications, and the development of continuous
production methods for industrial-scale applications.

X217 tetracycline, Ca-montmorillonite, sodium
alginate, column study, molecular simulation
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