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In order to investigate the adsorption properties of modified rosa roxburghii residue biochar to antimony (Sb) in water, the modified rosa roxburghii residue biochar (BC-FeOOH) was prepared from rosa roxburghii residue factory in Guizhou Processing plant. The adsorption characteristics of BC-FeOOH on Sb(V) in water were investigated by batch test experiments with different pH, biochar dosage and adsorption time. The results showed that the best adsorption effect of BC-FeOOH on antimony was achieved at the dosage of 0.05 g and pH 2.0, and the adsorption amount reached 5.7 mg/g. The results of adsorption kinetic modeling showed that the equilibrium time of the adsorption of BC-FeOOH on Sb(V) in water was in the range of 8–10 h, and the mechanism of adsorption was mainly chemical adsorption. Langmuir model can better describe the adsorption process of BC-FeOOH on Sb(V), and the surface adsorption process is monomolecular layer chemisorption. The experimental results showed that BC-FeOOH is a good adsorbent for Sb pollution remediation in water. This study provides n ew insights for the development of Sb contamination removal strategies in water and offers a new way for the resource utilization of prickly pear pomace.
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1 INTRODUCTION
Antimony (Sb) is an emerging pollutant that has been shown to be highly toxic and carcinogenic (Deng et al., 2017). Excessive intake of antimony compounds is potentially toxic to the human immune, nervous system, genes and development (Cavallo et al., 2002). Sb exists in the natural environment mainly in two valence states, trivalent antimony (Sb(III)) and pentavalent antimony (Sb(V)), of which Sb(III) is about 10 times more toxic than Sb(V) (Shan et al., 2014). Increasing anthropogenic activities such as smelting, mining, fuel combustion and the widespread use of products containing Sb compounds (e.g., rubber, alloys) have resulted in the release of large amounts of Sb into the aquatic environment, posing a potential threat to human health (Jia et al., 2020). Sb pollution of water bodies has become a global environmental problem, in which the water environment of New Zealand, Australia, France, Japan, China and other countries are subject to varying degrees of Sb pollution (Druzbicka and Craw, 2015; Jia et al., 2020). Many countries have listed it as a priority pollutant for control. China is rich in Sb ore resources, and its reserves and production rank first in the world. China’s Sb mining, extraction, smelting and waste water discharge from abandoned Sb mines are important sources of Sb pollution in water bodies. In recent years, several river basins in China have suffered from Sb pollution incidents (Tang et al., 2023), such as the Duliu River pollution in 2009 and Sb contamination in the Sunshui River, where concentrations exceeded the standard for 38 months. These incidents have significantly impacted water quality, aquatic ecosystems, and drinking water supplies. Frequent Sb pollution problems in water bodies lead to serious impacts on regional water quality, and even adversely affect the drinking water of residents and the growth of aquatic plants and animals. Therefore, how to effectively remove Sb from water to provide a safe and reliable drinking water environment for human life has become the focus of research in countries around the world and the urgent need to solve the important environmental issues closely related to people’s livelihood.
Currently, the main methods for the removal of Sb from wastewater include adsorption, coagulation, locculation, membrane separation, ion exchange, electrochemical and extraction (Li et al., 2018). Among them, adsorption method is widely used due to the advantages of low process requirements, high efficiency, low cost and simple operation, which is considered to be the most effective method to mitigate Sb pollution in water (Rahaman et al., 2008). Many scholars have used iron oxides (Liu et al., 2023), graphene and biochar as adsorbents for the removal of Sb from water. Among them, biochar, which has the characteristics of low cost, wide source, rich pore structure, abundant functional groups, and adjustable specific surface area, has been widely used for the removal of heavy metals, metalloids, and organic pollutants, etc., from water (Li et al., 2017), and is considered to be the most promising adsorbent. In addition, biochar can be modified by various advanced means to obtain modified biochar with more surface functions and high adsorption capacity, which has stronger adsorption and removal capacity of toxic elements in polluted water (Zhou et al., 2020). Studies have shown that the adsorption capacity of modified biomass charcoal for Sb was significantly improved, such as the adsorption capacity of magnetically modified biochar for Sb(V) was greatly improved, and its adsorption capacity increased from 2.22 mg/g to 18.92 mg/g at pH 7.0 (Wang C. et al., 2018); the maximum adsorption capacity of iron-containing cow dung biochar for Sb(V) was 58.3 mg/g, with a removal rate of 98.5% (Park et al., 2021); the saturated adsorption capacity of iron-modified rice husk hydrothermal carbon for Sb(V) was as high as 60.76 mg/g. This indicates that the adsorption removal of Sb from water by modified biochar has excellent application potential.
Rosa roxburghii residue, is an abundant and underutilized agricultural byproduct (Peidong et al., 2023). It has a high lignocellulosic content. Moreover. Rosa roxburghii residue contains significant amounts of phenolic compounds and other organic molecules (Xu et al., 2024), the biomass’s composition is rich in oxygen-containing functional groups (such as carboxyl and hydroxyl groups) (Wang et al., 2021), which are known to facilitate the adsorption of heavy metals and other pollutants. However, Rosa roxburghii residues are often discarded as waste, making them a sustainable and cost-effective source for biochar production, promoting the principles of circular economy and waste valorization (Zhou et al., 2019). In recent years, Guizhou has experienced a significant increase in the production of prickly pear, which has led to the generation of a considerable amount of prickly pear pomace. According to statistical data, Guizhou can produce approximately 15,000 tons of prickly pear pomace annually (Li et al., 2022). Prickly pear pomace is typically discarded as waste, and the accumulation of prickly pear pomace is prone to decomposition, which not only represents a waste of resources but also produces hazardous substances that can pollute the environment (Jain et al., 2024). Therefore, exploring the resource utilization of prickly pear pomace not only can effectively alleviate the waste of prickly pear pomace but also has great significance in promoting the sustainable development of the prickly pear industry. While the use of biochar in environmental remediation is well-documented (Yi et al., 2020), our work uniquely focuses on the use of Rosa roxburghii, a lesser-explored biomass source, and the modification of its biochar to enhance its adsorption capacity for Sb(V). To our knowledge, no other study has explored this specific biomass source for the removal of antimony from aqueous environments, making this an innovative approach. Additionally, our study provides a detailed characterization of the biochar’s surface properties, demonstrating how modifications influence its adsorption mechanisms and effectiveness. This combination of using a novel biomass source, modifying biochar, and targeting the specific removal of Sb(V) from water constitutes the distinctive contribution of this research. Based on this point or Based on this viewpoint, the present study selected prickly pear pomace as the raw material for the preparation of biochar, which was modified with hydroxyl iron oxide (Fe-OOH) by the hydrothermal method. The modified prickly pear pomace biochar (BC-FeOOH) was then subjected to kinetic adsorption and isothermal adsorption tests to investigate its removal of Sb(V) in water under varying conditions, including biochar dosage, pH, and adsorption time. The findings of this study will provide theoretical support for the removal of Sb in water and serve as a reference for the green utilization pathway of prickly pear pomace. The study investigated the availability of BC-FeOOH under different conditions, including varying biochar dosages, pH levels, and adsorption times. This research aimed to provide theoretical support for the removal of Sb in water and to establish a green resource utilization pathway for prickly pear.
2 MATERIAL AND METHOD
2.1 Main reagents and instruments
The principal reagents employed in this study were ferrous sulfate heptahydrate (FeSO4.7H2O, 99%, Sigma-Aldrich), ethylene glycol [(CH2OH)2, 99%, Sinopharm)], ethanol (C2H5OH, 99%, Sinopharm) sodium hydroxide (NaOH, 99%, Sinopharm), citric acid (C6H8O7, 99%, Sinopharm), and antimony standard storage solution (Sb(V), 99%, Sinopharm). The reagents utilized in the test were analytically pure reagents, and the test water was ultrapure water.
The principal instruments employed in this study were a tubular muffle furnace (L 9/11, Nabertherm, China), a hydride generation atomic fluorescence spectrometer (HG-AFS9700, HAIGUANG INSTRUMENT, China), a pH meter (PHS-3C, Lei-ci, China), and a constant temperature oscillator.
2.2 Preparation and characterization of modified biochar
2.2.1 Preparation of biochar
Firstly, the prickly pear pomace, derived from the prickly pear processing plant, was subjected to a crushing process and subsequently placed in an oven at a temperature of 60°C for a period of 24 h. Following this, the material was removed and placed in a tube muffle furnace at a temperature of 450°C for a duration of 4 h, this temperature range effectively enhances the surface area and functional groups of biochar while maintaining the structural integrity of the biomass (Caidi et al., 2021; Fatouma et al., 2023; Hamzah et al., 2018), during which time it underwent a transformation into prickly pear pomace biochar (BC). After cooling, the material was ground and crushed through a 100-mesh sieve. It was then soaked in 1 mol/L HCl for 2 h to remove the ash on the surface of BC. The material was subsequently washed with deionized water on several occasions until the pH was neutral. Finally, the material was dried in an oven at 60°C for 24 h and then placed in a sealed bag for use.
2.2.2 Preparation of BC-FeOOH modification
5 g of BC were weighed and dispersed uniformly into an aqueous ethylene glycol solution (the volume ratio of ethylene glycol to water was 1:7). Subsequently, 0.111 g of FeSO4.7H2O was added and stirred for 10 min before being transferred to a high-pressure reactor. The hydrothermal reaction was then carried out at 120°C for 12 h before being cooled down to room temperature. The biochar was washed with ethanol several times to achieve a neutral pH, and then dried under vacuum at 60°C for 12 h. The solid was ground into powder and sieved through a 100-mesh sieve, resulting in the modified biochar (An et al., 2020), which was recorded as BC-FeOOH. Two control experiments were conducted simultaneously. The first group lacked a Fe source and only contained ethylene glycol, designated as BC-(CH2OH)2. The second group lacked both a Fe source and ethylene glycol, serving as a blank control. This group was designated as BC-(CH2OH)2. The third group lacked both a Fe source and ethylene glycol and was used as a blank control. This group was designated as BC-blank control group and indicated by (BC-control) in the figure.
2.2.3 BC-FeOOH modification characterization
The specific surface area, average pore size, and pore volume of distinct biochar samples were quantified employing the Brunauer-Emmett-Teller system (BET, ASAP2020).
2.3 Batch experiment
2.3.1 Determination of optimal dosage
The biochar modified by the three methods of 0.05 g, 0.10 g, 0.20 g and 0.3 g was placed in a 50 mL centrifuge tube, and 40 mL of Sb(V) solution with an initial concentration of 10 mg/L was added, respectively. Oscillate at a constant speed of 200 r/min and 25°C for 24 h on a constant temperature oscillator. After the reaction, 2 mL was sampled with a needle syringe and filtered with a 0.45 μm aqueous filter membrane. The concentration of Sb(V) in the solution was determined by atomic fluorescence spectrometer, and the adsorption capacity and removal rate of Sb by the three adsorbents were calculated to determine the optimal dosage of biochar. Three parallel groups were set in each group to obtain the highest adsorption amount of biochar for subsequent tests.
2.3.2 Determination of optimal pH value
The optimal amount of biomass charcoal was weighed into a 50 mL centrifuge tube, and 40 mL of Sb(V) solution with an initial concentration of 10 mg/L was added. The pH of the reaction system was then adjusted to 2, 4, 6, and 7 with The reaction system was then treated with 0.1 mol/L HCl and NaOH, and shaken on a thermostatic oscillator at a constant temperature of 200 r/min and 25°C for 24 h. The optimal pH value was used as the control condition for the subsequent adsorption experiments.
2.3.3 Adsorption kinetics experiment
In the experiments, the reaction temperature was 25°C, and under the optimal biomass charcoal dosage and pH conditions, the biomass charcoal was dosed into 40 mL of 10 mg/L Sb(V) solution, which was shaken on a constant temperature oscillator at a constant speed of 200 rpm for 5, 10, 15, 30, 60, 300, 720, 960, 1,440, 1920 and 2,770 min, respectively, after the start of the experiments. To study the adsorption kinetic characteristics of Sb(V), samples of 2 mL were taken with a needle syringe, filtered, and then determined by atomic fluorescence spectrometer, and three parallel groups were set up during the experiment.
The adsorption of Sb in water by biochar, Q (mg/g), was calculated Equation 1:
[image: image]
where C0 and Ct represent the concentration of Sb solution before and after adsorption by biochar in mg/L, respectively; Q represents the adsorption amount in mg/g; V is the volume of solution added (mL); m is the mass of adsorbent poured in g.
The removal rate of Sb from water by biochar was calculated Equation 2:
[image: image]
The experimental results obtained were used to fit the adsorption kinetics using the fitted first-order equations as well as the fitted second-order equations calculated to fit the equations:
The fitted equations were modeled by the fitted first-order Equation 3:
[image: image]
Fitting a second-order fitted Equation 4: 
[image: image]
where Qe represents the maximum adsorption amount of Sb by biochar when the adsorption reaches adsorption equilibrium, in mg/g; while Qt denotes the adsorption amount of biomass char corresponding to the moment t; and k1, k2 represent the adsorption rate constants for the proposed primary kinetics and the adsorption rate constants for the proposed secondary kinetics, respectively.
2.3.4 Isothermal adsorption experiments
Under the conditions of optimal pH and optimal biochar dosage, the three modified BCs were sequentially added to 40 mL of Sb solution with mass concentrations of: 5, 10, 30, 50, and 80 mg/L. After adsorption for 15 min, the adsorption amount was calculated by constant temperature oscillation on a thermostatic oscillator at 200 rpm and 25 °C for 24 h, and the adsorption isotherm model was used to fit the experimental data.
According to the results obtained from the experiments, the adsorption thermodynamics was fitted to the experimental results, and the fitting models were: Langmuir equation and Freundlich equation, whose expressions are Equations 5, 6:
Langmuir isotherm:
[image: image]
Freundlich isotherm:
[image: image]
where KL and KF are Langmuir and Freundlich constants in L/mg, respectively; Ce is the concentration at which the adsorption reaches equilibrium in mg/L; Qe is the equilibrium adsorption capacity in mg/g; Qmax is the maximum adsorption capacity of the adsorbent; and 1/n is a dimensionless number representing the adsorption strength.
3 RESULTS AND ANALYSIS
3.1 Characteristics of specific surface area and pore size changes before and after biomass charcoal modification
As shown in Table 1, the BC-FeOOH pore size decreased from 9.59 nm to 4.12 nm, the BET specific surface area increased from 3.83 m2/g to 5.17 m2/g before modification, and the pore volume increased from 5.51 × 10−3 cm3/g to 9.23 × 10−3 cm3/g. The decrease in pore size of BC-FeOOH was mainly due to the fact that the biomass charcoal in the glycol and Fe(II) added during the modification process favored the increase in the number of micropores and adsorption sites, thus increasing its specific surface area and pore volume (Zeng et al., 2023). The BET results show a significant increase in surface area, providing more sites for Sb(V) molecules to be “physically adsorbed” or trapped within the pores. The micropores and mesopores (2–50 nm) are particularly important, as Sb(V) ions can be adsorbed through van der Waals forces and electrostatic interactions in these small spaces (Waldemar et al., 2020). Additionally, the high porosity of the biochar enhances the contact surface area between the adsorbent and the solution, further promoting the adsorption process.
TABLE 1 | BET specific surface area of BC-FeOOH and its pore structure parameters.
[image: Table 1]3.2 Influence of biochar dosage on the adsorption effect of Sb
The adsorption performance of different dosages of the Sb(V) solution with an initial concentration of 10 mg/L was determined. As shown in Figure 1, with the increase of biochar dosage, the adsorption amount per unit mass of Sb by the three materials showed a decreasing trend. This indicates that their biochar dosage was inversely proportional to the adsorption amount. The reduction in adsorption capacity per unit mass of biochar with increasing biochar dosing was primarily attributable to the fact that the total quantity of Sb(V) in the water body was insufficient to saturate the adsorption process with excess biochar. Additionally, the decrease in adsorption capacity may be attributed to the aggregation of adsorption sites due to the increase in biochar, which results in the covering of some of the adsorption sites on the surface of the biochar, thereby reducing the adsorption capacity per unit mass (Mahdi et al., 2020). Throughout the adsorption process, the adsorption of Sb(V) onto biochar occurs through surface complexation and ion exchange. Oxygen-containing functional groups on the biochar surface, such as hydroxyl (-OH) and carboxyl (-COOH), interact with Sb(V) ions via electrostatic attraction or coordination, forming surface complexes that enhance adsorption. Additionally, ion exchange plays a key role, where exchangeable cations (e.g., Ca2⁺, K⁺) on the biochar are displaced by Sb(V) ions. This mechanism is pH-dependent (Trakal et al., 2014), with higher adsorption occurring in acidic conditions where the biochar surface carries a positive charge, promoting ion exchange and Sb(V) uptake. As illustrated in the figure, all three materials exhibited the highest adsorption capacity at a dosage of 0.05 g. The adsorption capacity of modified BC-FeOOH was up to 4.4 mg/g, which was significantly higher than that of ethylene glycol-modified biochar and unmodified biochar. Therefore, based on considerations of cost and removal effect, the optimal dosage of biochar was determined to be 0.05 g. Additionally, the maximum removal capacities of activated carbon and activated alumina for antimony generally range between 10–100 mg/g (Lee et al., 2024; Xu et al., 2001). While these adsorbents exhibit higher adsorption capacities compared to the 4.4 mg/g removal capacity of biochar modified with Rosa roxburghii residue, the relatively high costs associated with activated carbon and activated alumina may hinder their economic viability for large-scale applications. The adsorption capacities of silicate minerals, when used as adsorbents for antimony, exhibit significant variability. For instance, some silicate minerals, such as bentonite and kaolinite, have adsorption capacities of less than 1.0 mg/g (Xi et al., 2010). In contrast, the modified biochar derived from Rosa roxburghii residue demonstrates superior adsorption properties, outperforming these low-efficiency silicate minerals.
[image: Figure 1]FIGURE 1 | Effect of dosage on adsorption of antimony in water by biochar, the errors are based on the results of three parallel experiments.
3.3 Effect of pH on adsorption properties of biochar
Solution pH represents a pivotal variable influencing the adsorption efficacy of solution Sb. pH exerts a dual influence on the biochar surface functional groups, affecting both their effectiveness and the morphology, existence, and chemical characteristics of Sb(V) in aqueous solution (Sun et al., 2011). The adsorption of Sb by the three types of biochar exhibited a slight decrease with an increase in pH (Figure 2). The maximum adsorption amount of the three types of biochar was observed at pH = 2, with the maximum adsorption amounts of BC-FeOOH, BC-(CH The adsorption amounts of the three biochars at pH 6 were 5.7 mg/g, 4.8 mg/g, and 4.5 mg/g, respectively. At pH 6, the adsorption amounts of the respective biochars reached the lowest values. The results of the present experimental study are in general agreement with those of previous studies. This may be due to the fact that the type of Sb(V) in the solution and the surface charge of the adsorbent are affected by pH (Deng et al., 2020). When the solution is acidic, the presence of a large amount of H+ in the solution induces the protonation of functional groups on the surface of the biochar, which in turn leads to an increase in the positive charge on the surface of the biochar. This contributes to the electrostatic attraction and complexation reactions between the Sb in the solution and the functional groups on the surface of the biochar (Di et al., 2021). Furthermore, it has been demonstrated that the surface of biochar is susceptible to positive charging under strong acidic conditions, and with increasing pH, the surface of biochar is negatively charged (Wan et al., 2020). Consequently, an increase in solution pH may result in an electrostatic repulsion effect between the surface of biochar and Sb(OH)- ions, which impairs the biochar’s ability to adsorb and remove Sb (Li et al., 2022). Consequently, the adsorption of Sb by the three biochar species demonstrated a declining trend with increasing solution pH.
[image: Figure 2]FIGURE 2 | Effect of solution pH on adsorption of Sb(V) in water by biochar, the errors are based on the results of three parallel experiments.
3.4 Adsorption kinetics
Adsorption kinetics can be employed as the primary criterion for evaluating the potential practical application of biochar adsorbents. In cases where the adsorption process is rapid and efficient, the associated costs can be reduced. Figure 3 illustrates the trends in adsorption amount and removal rate of Sb(V) in water over time for the three biochars. The adsorption amount increased rapidly during the initial two hours of the adsorption process, after which the growth slowed down to reach equilibrium after 10 ours. The equilibrium adsorption amounts of Sb(V) by biochar prepared from different modified materials were 4.8 mg/g, 3.6 mg/g, The equilibrium adsorption amounts were 2.9 mg/g, and the equilibrium removal rates were 35%, 26.5%, and 22%, respectively. These results indicated that BC-FeOOH exhibited the best adsorption effect. The presence of FeOOH may provide additional adsorption sites, beyond those provided by surface functional groups, which could enhance the adsorption efficiency of BC-FeOOH. Furthermore, it was demonstrated that biochar with larger pores exhibited a higher rate of adsorption of Sb removal (Chen et al., 2022), indicating that the pore structure of the surface of prickly pear pomace modified biochar by Fe was enhanced, which accelerated the diffusion rate of Sb within the pores and resulted in a faster rate of BC-FeOOH adsorption.
[image: Figure 3]FIGURE 3 | Effect of adsorption time on antimony adsorption by biochar, the errors are based on the results of three parallel experiments.
During the adsorption of Sb from solution by biochar, there were more adsorption sites and functional groups on the surface of the adsorbent at the beginning stage of adsorption, and the competition between ions was minimal. Additionally, functional groups with high adsorption affinity on the adsorbent surface were occupied first, which led to a rapid increase in adsorption efficiency. However, as adsorption proceeds, the limited adsorption sites are gradually saturated, and heavy metal ions begin to diffuse into the interior of the adsorbent. This leads to a gradual increase in diffusion resistance and a decrease in diffusion rate. At the same time, the remaining adsorption sites with lower adsorption affinity begin to function, and gap diffusion may occur. The adsorption rate gradually slows down and eventually tends to adsorption equilibrium (Zhou et al., 2017).
The adsorption mechanism of Sb by prickly pear pomace biochar was further investigated based on the study of the adsorption amount and removal rate of Sb(V) in solution, as well as the effect of different adsorption times on the adsorption performance of biochar. The adsorption of Sb(V) by prickly pear pomace biochar was used in this study. Table 2 presents the fitting parameters of the proposed primary equation and the proposed secondary kinetic equation model for the adsorption of Sb(V) by prickly pear pomace biochar. Figure 4 depicts the results of the adsorption kinetic equation. The adsorption rate of the three biochar samples exhibited a trend of initial acceleration followed by a deceleration with increasing time, reaching equilibrium after approximately 8 h. The adsorption amount of BC-FeOOH was the highest at equilibrium, reaching 4.6 mg/g, while the adsorption amount of BC-control was the lowest, at 3.1 mg/g. The adsorption of Sb(V) in water by FeOOH-modified prickly pear pomace biochar was found to be the most effective.
TABLE 2 | Adsorption kinetic parameter model of antimony adsorption on biochar.
[image: Table 2][image: Figure 4]FIGURE 4 | Dynamic adsorption equation model.
The pseudo-primary kinetic fitted R2 values of the three biochars were 0.34, 0.33, and 0.49, respectively, while the proposed secondary kinetic fitted R2 values were 0.71, 0.75, and 0.31. These results indicated that the proposed secondary kinetic equations better responded to the adsorption mechanism of modified prickly pear pomace biochar on Sb(V), and also indicated that the surface adsorption energy of the modified prickly pear pomace biochar in the adsorption process was uniformly distributed. The proposed primary kinetic adsorption is physical adsorption, whose adsorption process is mainly controlled by diffusion, and the proposed secondary equation is mainly chemical adsorption, whose adsorption process is mainly controlled by binding force (Fang et al., 2021). Therefore, the adsorption mechanism of Sb by the two biochars, BC-FeOOH and BC-(CH2OH)2, is mainly chemisorption, and BC-control’s mainly exhibits physisorption.
3.5 Adsorption isothermal process
The adsorption isotherms of Sb in water by the three biochars are presented in Figure 5. It can be observed that the adsorption of Sb in water by BC-FeOOH increased with the increase of the initial concentration, and that the adsorption and removal capacity of Sb in solution was stronger. The adsorption amount of BC-control and BC-(CH2OH)2 was greater than that of BC-FeOOH when the concentration was lower, and the adsorption amount of BC-FeOOH exceeded that of BC-(CH2OH)2when the concentration reached up to 20 mg/L, with a greater adsorption capacity. This indicates that BC-(CH2OH)2 can be used for the treatment of low concentrations of Sb in water, while BC-FeOOH can be efficiently adsorbed to remove Sb from water. The parameters calculated by Langmuir and Freundlich models are shown in Table 3. The adsorption effects of BC-(CH2OH)2 and BC-control were not obvious. Therefore, these parameters are not discussed further. The Langmuir and Freundlich equations for BC-FeOOH both have R2 values greater than 0.9, indicating that these isothermal adsorption equations can fit the experimental data better. This also indicates that the adsorption process of modified prickly pear pomace on Sb from water may be affected by a variety of adsorption mechanisms. The R2 value of the Freundlich equation is greater than that of the Langmuir equation, indicating that the Langmuir equation more accurately describes the adsorption process of BC-FeOOH on Sb as homogeneous monolayer chemisorption (Zhou et al., 2016). Its 1/n is 0.81, which is less than 1, suggesting that this adsorption process is more facile (Wang L. et al., 2018).
[image: Figure 5]FIGURE 5 | Isothermal adsorption curve equation model.
TABLE 3 | Parameter model of isothermal adsorption curve for Biocarbon adsorption of antimony.
[image: Table 3]4 CONCLUSION
In this study, modified prickly pear pomace biochar (BC-FeOOH) was prepared from prickly pear pomace as the raw material. The adsorption characteristics of modified prickly pear pomace biochar on Sb in water were investigated with different biochar dosages, pH values, and reaction times. The results confirmed the feasibility of the modified prickly pear pomace biochar for the removal of Sb in water. The experimental results demonstrated that the maximum adsorption of antimony in water was achieved at a biochar dosage of 0.05 g and a pH of 2.0. The kinetic and isothermal modeling indicated that the reaction kinetics of the adsorption process of Sb by BC-FeOOH conformed to the proposed second-order kinetic equation, and the isothermal adsorption curves conformed to the Langmuir model. The adsorption The adsorption of Sb in water by BC-FeOOH was a mono-molecular-layer chemical adsorption process. The adsorption of Sb in water by BC-FeOOH exhibited excellent adsorption performance, and it is an adsorbent with considerable potential for application. The application of BC-FeOOH to the adsorptive removal of Sb in water not only provides an efficient, inexpensive, and fast way to remove Sb from wastewater, but also realizes the efficient green resourcefulness and harmless utilization of prickly pear residue.
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