Synthesis and Characterization of
Using a Chemical Coprecipitation Method and the Release
Kinetics of These Elements in Water and Soil

ABSTRACT

Objective: This study uses advanced chemical methods to synthesize and evaluate the properties of nano copper borate,
nano iron horate, and nano manganese borate. Boron is recognized as an essential micronutrient for the growth and quality
of agricultural products. The objective is to explore the potential of nano fertilizers in providing controlled and gradual
release of boron to enhance plant uptake efficiency while minimizing environmental hazards associated with conventional
chemical fertilizers.

Methodology: The synthesis of nano borate compounds was conducted through novel chemical process
precise formation of nanoparticles. The structural characteristics of the synthesized nanoparticles were ana

to assess their potential for controlled and sustained nutrient delivery.
Findings: The results from XRD and morphological studies demonstrate t the nanopartic e successfully
pounds exhibited a
controlled and gradual release of boron in both aqueous and soil media. This contrglled¥glease mech@lilism ensures a steady
supply of boron, which can enhance plant nutrition efficiency and reduce soil i
nano fertilizers can improve plant metabolism, leading to better g‘/vth, developm
products.
Conclusion: The study concludes that nano borate fertili Ise as an effective method for improving
plant nutrition and promoting sustainable agriculture. properties of the synthesized nano borate
compounds can lead to enhanced nutrient uptake by plants, re mental impact, and improved soil health. The
findings suggest that these nano fertilizers can play a crucial
a reliable and efficient means of delivering essential micron
nanoborate fertilizers in contributing to agricultural sustainability a
fertilizers.
This comprehensive evaluation of nano copper @0rate, nano iron
potential benefits in agricultural applications. F mmended to further explore the field application of
these nano fertilizers, assess their long-term impa , and investigate their effectiveness across different crop
varieties and environmental conditions. Theyjntegrationgiinanotechnology in fertilizer development presents an innovative
approach to addressing the‘allenges of lture, paving the way for more efficient and environmentally
friendly farming practices.
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ABSTRACT

This study focuses on the synthesis and evgluation of
using advanced chemical mgiods. Nano-ferjli
nutrient uptake efficiency inﬂ

characteristics of tig giothesize
techniques. The resultgggonfirged sl

0 copper borate, nano iron borate, and nano manganese borate
abling the gradual and controlled release of boron, can improve
ental risks associated with conventional fertilizers. The structural

itting to Elovich, pseudo-second order, and power function models revealed that the
ned and controlled boron release. Kinetic parametersi ncluding a and B (Elovich model),

dels exhibited the best fit to the experimental data. These findings suggest that nano borate
fertilizers alce plant nutrient efficiency, reduce soil toxicity, and potentially improve plant metabolism, growth,
and crop q his research highlights their promise as an effective tool for improving plant nutrition and advancing
sustainable ag®€ulture.
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