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For the sake of green soil resilience remediation (combined with important international
trends such as soil heavy metal control, agricultural waste circulation, and soil carbon
sequestration), this research project aims to develop a biochar-hydrogel composite material.
This composite material incorporates the highly stable structural properties of biochar as a
matrix, and combines with a hydrogel material with a three-dimensional cross-linked structure.
The composite material can be used to fix (or immobilize) heavy metals in soil due to its high
adsorption capacity of heavy metal, thereby reducing the mobility of heavy metals in the soil.
The composite can also realize the function of soil nutrient and water retention, reduce
agricultural non-point source pollution, and increase crop and soil health. In the meantime, the
composite material can be ultimately considered as a carbon storage medium to enhance soil
carbon sink and help contribute to our country's goal of net zero emissions. The objectives of
this project are (1) to review the international progress on circular materials, and their ability
to improving soil properties and enhancing soil carbon sinks; (2) to develop a
biochar-hydrogel composite using agricultural byproducts as a raw material, and its associated
the preparation process; (3) to evaluate the performance of composite materials on soil heavy
metal adsorption using the real polluted soils with representative crops, and identify the
correlation between physico-chemical properties of composite materials and important soil
functions; (4) to establish reaction kinetic and isothermal adsorption models for the developed
composite materials, to conduct a preliminary cost-benefit analysis, and propose the standard
operation procedure for the develop composite materials. The results of this study show that
the removal efficiency of the novel composite material for Cu?* in aqueous solution is at least
94.7%. For Pb2+ in aqueous solution, the removal efficiency can reach 73-89%. Based on the
experimental data obtained and the potential-pH diagrams for Cu and Pb, it is evident that the
main species of these two heavy metals in the experimental environment are in ionic form,
and the removal mechanism is primarily ion exchange adsorption without precipitation. In
addition, by establishing kinetic and thermodynamic models, three formulated composite
materials developed in this study were analyzed for their adsorption behavior in liquid-phase
tests for copper/lead ions. The pseudo-second-order kinetic model better simulated the
adsorption behavior, indicating that chemical adsorption is the main adsorption mechanism
during the adsorption process. Finally, actual contaminated soil tests were conducted, and the
results showed that the addition of the composite material (at a ratio of 100:5) reduced copper
ions by 14.4% and lead ions by 10.4%. With the addition of the composite material (at a ratio
of 100:10), copper ions decreased by 20.1% and lead ions decreased by 24.2%. In conclusion,
the application of the composite material to contaminated soil effectively reduces the levels of
copper/lead ions in the soil.

Keywords: Recycling materials, heavy metals, biochar, carbon neutrality, toughness
remediation
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