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Adsorption effect and mechanism of different iron-based
modified biochar on As(Ill)
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Abstract: [Objective] The study aims to explore the potential and mechanisms of iron-based modification in
enhancing the adsorption and immobilization capacity of biochar for As(Ill), and construct an effective carbon
sequestration and arsenic control system. [Method] The common garden waste Ficus microcarpa stems and
leaves was used as the raw material for making biochar. Batch adsorption experiments were conducted in
combination with various analytical techniques, such as scanning electron microscopy-energy-dispersive
spectroscopy (SEM-EDS), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and X-ray
photoelectron spectroscopy (XPS). The structural properties of the raw biochar (FMB), ferric chloride-modified
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biochar (FC-FMB), ferric sulfate-modified biochar (FS-FMB), and polymerized ferric sulfate-modified biochar
(PFS-FMB) were systematically investigated, along with their adsorption performance and mechanisms for
As(Ill) in aqueous solutions. [Result] Iron-based modification effectively increased the specific surface area of
biochar by 3.36 to 4.22 times. Moreover, the modified biochar surfaces were enriched with more functional
groups, and iron oxides were successfully loaded onto the biochar surface. At the pH value of 5, PFS-FMB
achieved the highest removal rate of As(1ll), reaching 91.16%, which was significantly higher than that of other
biochar types. Adsorption kinetics analysis showed that the adsorption process of As(Ill) followed the Elovich
kinetic model, while the adsorption isotherms fitted well with the Langmuir isotherm model. The maximum
adsorption capacities of 4 kinds of biochars for As(1ll) from high to low were PFS-FMB (13.53 mg-g '), FS-
FMB (6.36 mg-g'), FC-FMB (3.11 mg-g™'), FMB (1.29 mg-g'). The adsorption of As(Ill) by iron-based
modified biochar was mainly chemical adsorption, which achieved through surface complexation. The
adsorption mechanism involved the coordination between arsenite anions and iron oxides, as well as the
complexation of surface hydroxyl functional groups. [Conclusion] Iron-based modified biochar is an efficient
arsenic adsorbent, among which PFS-FMB demonstrated the best adsorption performance. [Ch, 9 fig. 3 tab. 50
ref.]

Key words: iron-based modified biochar; As(Ill); adsorption mechanism; polymerized ferric sulfate
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Figure | SEM morphology and EDS characterization of biochars before and after modification
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Figure 2 X-ray diffraction analysis (XRD) pattern and Fourier transform infrared spectroscopy (FTIR) pattern of biochars
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Figure 3 X-ray photoelectron spectroscopy analysis of biochars Figure 4  Effect of pH on the removal of As(Ill) by different biochars
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Figure 5 Adsorption kinetic profile of As(Ill) on biochars
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Table 2  Fitting parameters of the kinetic models for the adsorption of As(1ll) by biochar before and after modification
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Figure 6 Isothermal adsorption curves of As(Ill) on biochar
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Table 3  Fitting parameters of isothermal adsorption model of As(Ill) by biochars before and after modification
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Figure 7 FTIR spectra and XRD patterns of biochars after As(1ll ) adsorption
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Figure 9  XPS (Fe 2p, O 1s, As 3d) spectrum of biochars before and after As(lll) adsorption
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