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Abstract

Imidacloprid (IMI), as a typical neonicotinoid pesticide with strong water solubility, poses a potential
threat to ecosystems and human health due to its accumulation in soil and water bodies as a result of its
extensive use. The non-homogeneous persulfate advanced oxidation processes (PS-AOPs) have the
advantages of high oxidation efficiency and mild reaction conditions, which have a broad application
prospect in pesticide wastewater treatment. In order to address the traditional non-homogeneous cobalt-based
catalysts, the metal is easy to leach and the catalyst efficiency is low. In this paper, biochar (BC)-loaded
cobalt tetraoxide (Co304/BC), nitrogen-doped biochar (N-BC)-loaded cobalt tetraoxide (Coz04/N-BC), and
nitrogen-doped biochar-loaded calcite-type lanthanum cobaltate oxides (LaCoO3/N-BC) catalysts have been
prepared by carbon carrier modification and metal oxide composite strategy. With IMI as the target pollutant,
the performance and mechanism of catalyst-activated permonosulfate (PMS) for the degradation of IMI were
investigated, and the details and main conclusions of the study are as follows:

(1) Preparation of Co304/BC and degradation study of IMI by activated PMS

The Co304/BC catalyst was prepared by a two-step pyrolysis method using cotton straw as a carbon
source for the degradation of IMI by activated PMS. The degradation rate of IMI reached 97.45% in 40 min
at a PMS concentration of 0.5 mM, a catalyst dosage of 0.3 g/L and a pH of 7. The degradation rate of cobalt
in the reaction system was 0.90 mg/L, which was in compliance with the national emission standards. The
leaching concentration of cobalt ions in the reaction system was 0.90 mg/L, which complied with the national
emission standard. The free radical burst experiment and electron paramagnetic resonance (EPR) showed
that the Co304/BC/PMS system degraded IMI mainly through the free radical pathway with a contribution
ratio of 88.59%, in which SO4~ and *OH were the main reactive species (ROS) in the reaction system. The
intermediates formed during IMI degradation were identified using ultra-high performance liquid
chromatography-quadrupole time-of-flight tandem mass spectrometry instrument (LC-MS), and three
possible degradation pathways of IMI were proposed based on eight possible intermediates. Most of the
degradation intermediates were eventually converted to low or non-toxic substances as analyzed by ECOSAR
software.

(2) Preparation of C0304/N-BC and degradation study of IMI by activated PMS

The Co304/N-BC catalyst was prepared by a two-step pyrolysis method and degraded IMI by activated
PMS. Under the conditions of catalyst dosage of 0.3 g/L, PMS concentration of 5 mM, and pH 7, the IMI
solution of 30 mg/L was degraded by 98.21% in 20 min, and after 40 min, it reached 100%. The leaching of

cobalt ions was 0.74 mg/L, which proved that the stability of Co304/N-BC catalyst was further improved.



The nitrogen doping was mainly in the form of pyridine nitrogen, pyrrole nitrogen and graphite nitrogen,
among which pyridine nitrogen was the main active nitrogen species, which enhanced the activation of PMS.
The free radical quenching experiments and EPR tests showed that the free radical pathway represented by
SO4~ and *OH was the main pathway for the degradation of IMI with a contribution of 93.05%. The
intermediates formed during IMI degradation were analyzed by LC-MS, and three possible degradation
pathways of IMI were proposed based on nine possible intermediates. Most of the degradation intermediates
were finally converted into low or non-toxic substances as analyzed by ECOSAR software.
(3) Preparation of LaCoO3/N-BC and degradation study of IMI by activated PMS

N-BC was prepared by using dicyandiamide as the nitrogen source, and LaCoO3/N-BC catalysts were
prepared by further optimizing the ratio of lanthanum to cobalt and the calcination temperature, which were
used for the activation of PMS to activate the degradation of IMI. The study showed that the degradation rate
of IMI at 30 mg/L reached 100% in 20 min under the conditions of catalyst dosage of 0.3 g/L, PMS
concentration of 5 mM and neutral pH 7. The introduction of lanthanum stabilized the LaCoOs3 chalcogenide
structure and synergized with cobalt to improve the activation performance of PMS. The leaching
concentration of cobalt ions was reduced to 0.69 mg/L, which is in accordance with the national emission
standard, proving the improvement of the stability of the LaCoO3/N-BC catalyst. The EPR test and the free
radical burst experiments proved that SO4™ and *OH generated in the LaCoO3/N-BC/PMS system played an
important role in the degradation of IMI, and the free radical pathway played an important role in the
degradation of IMI, and the free radical pathway played an important role in the degradation of IMI. played
an important role in the degradation of IMI, and the contribution ratio of the free radical pathway was
increased to 97.51%. The main intermediates in the degradation process of IMI were identified using LC-
MS, and three possible degradation pathways of IMI were proposed based on nine possible intermediates.
Most of the degradation intermediates were finally converted into low or non-toxic substances as analyzed
by ECOSAR software.

Key words: Advanced oxidation process; Cobalt oxides; Nitrogen-doped biochar; Permonosulfate

activation; Imidacloprid
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