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Objective: Wastewater treatment using the adsorption process offers dual benefits (i.e.,
water purification and waste management). Therefore, identifying and developing an
accessible, cost-effective, and highly efficient adsorbent for the effective and easy
removal of heavy metal ions is essential. Natural materials such as clay minerals, zeolites,
and biosorbents are widely recognized as effective and economical adsorbents for
removing low concentrations of metal ions. Zeolite minerals are porous materials whose
crystalline structure acts like a molecular sieve. Due to their open channels in the lattice,
they allow certain ions to pass through while adsorbing others onto their surface. This
study aimed to investigate the effect of natural (micron) zeolite and zeolite nanoparticles
on the removal of nickel(Il) from nickel-contaminated water.

Method: In this study, zeolite nanoparticles were obtained from micro-zeolite powder
using a mechanical crystalline ball milling method (600 rpm, 30 hours). XRD, PSA, and
SEM analyses were performed to characterize the produced nanoparticles.

Results: The effects of zeolite adsorbent size, solution pH, and salinity on nickel removal
efficiency were evaluated at different levels. The optimal pH for maximum nickel
removal was found to be 6.5. The results showed that the Langmuir isotherm, with a
correlation coefficient of 0.982, was a more suitable model for describing nickel
adsorption by nano-zeolite from aqueous solutions. The maximum adsorption capacity
for nickel was 58 mg/g, indicating the excellent potential of nano-zeolite for the removal
of divalent nickel from aqueous solutions.

Conclusions: The use of inexpensive, safe, and biodegradable nano-adsorbents combined
with physical methods can be a practical approach for remediating heavy metal pollution
in unsafe waters.

Cite this article: Chorom, M., Mombini, R., Boostani, H. R., & Kazeminezhad, 1. (2026). Efficiency of natural zeolite
mineral and zeolite nanoparticles in the purification of nickel-contaminated water. Journal of Environmental
Research and Sustainable Development, 1(1), 1-20.. https://doi.org/10.22034/fersd.2026.1.1.1

@ Ol © © Author(s) retain the copyright and full publishing rights

BY NG

d

Publisher: : Lorestan University.

DOI: https://doi.org/10.22034/fersd.2026.1.1.1



https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
https://creativecommons.org/licenses/by-nc/4.0/

Biannual Journal of Environmental Foresight and Sustainable Development, Volume 1, Issue 1, 202

Chorom, etal 2

1. Introduction

Water scarcity and pollution are critical
global challenges, threatening ecosystems and
human health. Heavy metal contamination,
particularly from toxic elements like nickel (I1),
poses a significant environmental threat due to
its non-biodegradable and bioaccumulative
nature. Industrial activities such as mining,
electroplating, and battery manufacturing are
primary sources of nickel discharge into water
bodies. Conventional treatment methods,
including chemical precipitation and membrane
filtration, are often expensive and ineffective
for low-concentration pollutants, highlighting
the need for cost-effective and efficient
alternatives. Adsorption using natural materials
has emerged as a promising solution. Natural

2. Methodology

This study was conducted to evaluate the
nickel (I1) adsorption capacity of natural zeolite
(clinoptilolite) and its nano-sized counterpart.
The natural zeolite was procured from a
commercial source and purified. Zeolite
nanoparticles were synthesized from the
micron-sized powder using a mechanical
planetary ball milling method (600 rpm, 30
hours). The produced nanoparticles were
characterized using X-Ray Diffraction (XRD)
to confirm structural integrity, Particle Size
Analysis (PSA) to determine size distribution,
and Scanning Electron Microscopy (SEM) for
morphology assessment. Batch adsorption
experiments were conducted to assess the
effects of various parameters on nickel removal
efficiency. The experimental factors included:
solution pH (optimized to 6.5), initial nickel

zeolites, with their porous, crystalline
aluminosilicate structure, act as molecular
sieves and exhibit high cation exchange
capacity, making them excellent and
economical adsorbents for removing heavy
metal ions. Recent advancements have focused
on enhancing this capacity through the
synthesis of zeolite nanoparticles, which offer a
higher surface area-to-volume ratio. This study
aims to investigate and compare the efficiency
of natural (micron) and mechanically produced
zeolite nanoparticles in the purification of
nickel-contaminated water, evaluating key
factors such as pH, contact time, adsorbent
dose, and initial metal concentration to
determine optimal removal condition

concentration (10-150 mg/L), adsorbent dosage
(0.1-0.4 g), and contact time (5-2880 minutes).
A fixed volume of 20 mL of nickel solution was
used in each test. After shaking, the samples
were centrifuged, and the residual nickel
concentration was measured using an atomic
absorption spectrophotometer. The adsorption
efficiency (Ea) and equilibrium adsorption
capacity (qe) were calculated. The experimental
data were analyzed by fitting to Langmuir and
Freundlich isotherm models to understand the
adsorption mechanism. The experimental
design was a completely randomized factorial
with three replications. Statistical analyses,
including ANOVA, were performed using SAS
9.2, and Duncan's test was used for mean
comparisons.
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3. Results

Characterization analyses confirmed that
zeolite nanoparticles with a size of less than 100
nm were successfully produced. XRD analysis
revealed that the ball milling process did not
alter the crystalline structure of the zeolite. The
results showed that the optimum pH for
maximum nickel removal was 6.5. Adsorption
efficiency was highly dependent on initial
concentration: the highest removal percentages
were observed at the lowest concentration (10
mg/L) for both micro and nano zeolites (86.9%
and 91.5%, respectively), but efficiency
decreased sharply as the initial nickel
concentration  increased.  Increasing  the

4. Discussion

The findings of this research indicate that
zeolite particle size significantly influences the
adsorption process, with nano-zeolite showing
superior performance. The high specific surface
area of the nanoparticles provides more active
sites for nickel ion binding, leading to higher
uptake. The optimum pH of 6.5 is consistent
with previous studies and can be attributed to
the surface charge of the zeolite, which favors
the adsorption of divalent cations under these
conditions. The decrease in adsorption
efficiency at higher initial concentrations is a
typical phenomenon, as the number of available
active sites becomes a limiting factor. As
observed in the sample text’s discussion of
social networks, the structure and density of

5. Conclusion

The results of this study demonstrate that
both natural micron and nano zeolites are
effective adsorbents for removing nickel (I1)
from aqueous solutions, confirming their
significant potential for water purification. The
nano-zeolite, produced via mechanical ball
milling, exhibited a higher maximum

adsorbent dose from 0.1 to 0.4 g significantly
enhanced removal for both adsorbent types. The
contact time study revealed that the adsorption
process reached equilibrium around 360
minutes. Overall, the nano-zeolite consistently
outperformed the micro-zeolite in terms of
removal efficiency. The adsorption data fitted
well to both isotherm models; however, the
Langmuir model was found to be more suitable
(R2>0.98), indicating monolayer adsorption on
a homogeneous surface. The maximum
adsorption capacity (gm) for nickel was 58
mg/g for nano-zeolite, compared to 47.6 mg/g
for the micro-zeolite.

interactions are critical; in this context, the
surface properties of the adsorbent govern the
adsorption capacity. The increased adsorption
with higher adsorbent doses is due to the greater
surface area and availability of exchangeable
sites, a point similarly supported by other
studies such as Taamneh & Sharadgah (2017).
The adsorption equilibrium time of 360 minutes
suggests a rapid initial uptake followed by a
slower phase, which is a common characteristic
of chemisorption or intraparticle diffusion
processes. The superior fit of the Langmuir
isotherm model compared to the Freundlich
model suggests that the adsorption of nickel
onto the zeolite surfaces occurs as a monolayer,
where all binding sites have uniform energy.

adsorption capacity than its micron counterpart.
The study successfully optimized key
operational parameters, including pH, contact
time, and adsorbent dose, which are crucial for
maximizing removal efficiency. Despite the
superior performance of the nano-zeolite, the
marginal increase in efficiency compared to the
micro-zeolite may not justify the additional
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processing costs and time in all applications.
Therefore, natural micron zeolite, due to its
cost-effectiveness  and  accessibility, is
recommended as a practical and efficient
adsorbent for treating heavy metal-polluted
waters on a larger scale.
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