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Abstract

In recent decades, the contamination of water resources with inorganic pollutants has become one
of the most important environmental challenges of human societies, which requires the need to clean
it in cost-effective and eco-friendly remediation strategies. This study evaluated the performance
optimization of cypress cone raw biochar modified with walnut peel extract for Ni removal in aqueous
solutions. The chemical modification process was employed, and the effects of various factors (initial
Ni concentration, solution pH, adsorbent amount, and contact time) were assessed using response
surface methodology (RSM). Contrary to expectation, chemical modification caused a decrease in
the specific surface area and a decrease in effective functional groups in Ni removal (functional
groups containing oxygen and C-C) compared to the non-modified biochar sample. The investigations
of Ni removal by modified biochar also showed a significant reduction of Ni removal by this
adsorbent in the same conditions compared to the non-amended sample, so that the average amount
of Niremoval in the same conditions in the non-modified adsorbent was 1.8 times more than modified
biochar. The investigation of the factors affecting the removal of Ni in two modified and non-modified
adsorbents showed that with the increase of the initial concentration of Ni, the removal of Ni had a
decreasing trend; while with the increase of other factors, Ni removal showed a relatively increasing
trend. Fitting the data obtained from the removal of Ni by both adsorbents on RSM showed the
appropriate prediction of the Box-Benken model in the optimization of Ni removal from aqueous
solutions. The results of the present study show that the modification and engineering of biochars by
the mentioned chemical method, with the effect of reducing the physical adsorption (reduction of the
specific surface area) and chemical adsorption (reduction of the intensity of the active groups
affecting the adsorption), caused the reduction of Ni removal efficiency compared to the raw sample,
which challenges the hypothesis of constant increase of heavy metal removal efficiency by chemical
modification of biochar.
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