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Abstract
Background and Objective: Synthetic dyes are among the most
critical pollutants in industrial wastewater due to their high chemical
stability and toxicity. Their removal from aquatic environments is
therefore of great environmental importance. Malachite green, widely
used in textile and aquaculture industries, poses a serious threat to
living organisms because of its toxic and bioaccumulative nature. This
study aimed to evaluate the performance of metal-organic frameworks
(MOFs), particularly ZIF-8, in removing malachite green from
aqueous solutions.
Materials and Methods: Three types of adsorbents, including Cu—
ZIF-8, octahedral ZIF-8 (ZIF-8 Octa), and leaf-like ZIF-8 (ZIF-8
Leaf), were synthesized and evaluated under identical conditions. The
effects of pH, temperature, contact time, initial dye concentration, and
adsorbent dosage on adsorption performance were investigated. In
addition, kinetic, isotherm, thermodynamic, real sample, and
reusability studies were conducted to comprehensively analyze the
adsorption behavior.
Results: The adsorption efficiency for Cu-ZIF-8, ZIF-8 Octa, and
ZIF-8 Leaf adsorbents was 42%, 39%, and 50%, respectively. Under
the optimal conditions (pH = 6, dye concentration = 15 mg/L,
adsorbent dose = 0.6 g/L, contact time = 60 min, and temperature =
55°C), the adsorption efficiency of ZIF-8 Leaf exceeded 95%. The
process followed the pseudo-second-order kinetic model and the
Freundlich isotherm, indicating an endothermic and spontaneous
nature. In real samples, the removal efficiency varied between 26%
and 55%, and after two adsorption—desorption cycles, the adsorbent
capacity remained around 82%.
Conclusion: The findings demonstrate that leaf-like ZIF-8, due to its
high adsorption capacity, stability, and reusability, can be considered
an effective and sustainable adsorbent for removing malachite green
from industrial wastewater.
Keywords: ZIF-8, Malachite Green, Metal-Organic Framework,
Aqueous Solutions
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