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article online : morphology of the nanoparticles were characterized using XRD, UV-Vis, SEM,
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¢ under different pH values and contact times.
¢ Findings: The results indicated that the synthesized ZnO nanoparticles had an
: average size of about 22 nm with nearly spherical morphology, uniform size
. distribution, and minimal aggregation. The highest removal efficiency (92%)
: was achieved at pH = 2. The adsorption data were well fitted to the Langmuir
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Extended Abstract

Introduction:

The contamination of water resources by heavy
metals represents a critical environmental and public
health concern. Hexavalent chromium (Cr(V1)) is
among the most toxic and carcinogenic pollutants,
characterized by high solubility and mobility in
aqueous environments. Conventional removal
methods, including chemical reduction, ion
exchange, and membrane filtration, often suffer
from high operational costs and potential secondary
pollution. In recent years, green synthesis of metal
oxide nanoparticles has emerged as a sustainable
approach for water remediation. Zinc oxide (ZnO)
nanoparticles, in particular, exhibit favorable
physicochemical properties such as high surface
area, chemical stability, and biocompatibility. In this
study, ZnO nanoparticles were synthesized via an
eco-friendly route using Plantago ovata extract as a
natural reducing and stabilizing agent, and their
potential for Cr(VI) removal was systematically
evaluated.

Materials and Methods

ZnO nanoparticles were synthesized by mixing an
aqueous solution of zinc salt with Plantago ovata
extract under controlled conditions, including pH,
temperature, and reaction time. The resulting
nanoparticles were collected by centrifugation,
washed with deionized water, and dried at ambient
temperature. Characterization techniques included
UV-Visible spectroscopy to confirm optical
properties, Fourier-transform infrared spectroscopy
(FTIR) to identify functional groups, X-ray
diffraction (XRD) for crystalline structure analysis,
and scanning electron microscopy (SEM) for
morphological assessment. Adsorption experiments
were conducted in batch mode to examine the
effects of solution pH (2-8), initial Cr(VI)
concentration, contact time, and adsorbent dosage
on removal efficiency. Equilibrium adsorption data
were fitted to Langmuir and Freundlich isotherm
models to elucidate the adsorption mechanism and
determine the maximum adsorption capacity
(g_max).

Results and Discussion

Characterization confirmed the successful formation
of ZnO nanoparticles with predominantly spherical
morphology and nanoscale particle size. UV-Vis

spectra displayed characteristic absorption peaks
corresponding to ZnO nanoparticles, while FTIR
analysis indicated the presence of phytochemical
functional groups on the nanoparticle surface, likely
contributing to stabilization and enhanced
adsorption performance. XRD patterns revealed
well-defined peaks consistent with the hexagonal
wurtzite structure, and SEM imaging demonstrated
uniform particle distribution with  minimal
agglomeration.

Batch adsorption studies indicated a strong pH
dependence, with maximum Cr(VI) removal (92%)
observed at pH 2, attributed to -electrostatic
interactions between positively charged
nanoparticle surfaces and anionic Cr(VI) species.
Kinetic analysis revealed rapid adsorption within the
first 60 minutes, followed by a slower approach to
equilibrium. Isotherm fitting showed superior
correlation with the Langmuir model (R2 = 0.987)
compared to the Freundlich model (R2 = 0.962),
suggesting monolayer adsorption on a homogeneous
surface. The maximum adsorption capacity (q_max)
was calculated as 48.5 mg/g. These findings are in
agreement with prior studies demonstrating the
efficacy of plant-mediated ZnO nanoparticles in
heavy metal removal, highlighting the critical role of
surface functionalization by phytochemicals.

Conclusion

This study demonstrates that Plantago ovata-
mediated green synthesis is an effective and
environmentally sustainable method for producing
ZnO nanoparticles with high adsorption capacity for
Cr(VI) ions. The nanoparticles exhibited rapid
adsorption kinetics, significant removal efficiency
under acidic conditions, and monolayer adsorption
behavior. These results underscore the potential of
bio-synthesized ZnO nanoparticles as promising
adsorbents in water treatment applications and
contribute to the advancement of green
nanotechnology approaches for environmental
remediation. The findings provide a basis for future
research focusing on scalable synthesis and the
treatment of other toxic contaminants in aqueous
systems.
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