Case study of arsenite (As3+) sorption onto goethite with difference pH levels: kinetic and equilibrium sorption
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The contamination of arsenic (As) is a major environmental concern. The storage, fate, and transport of As by minerals are significantly influenced by various factors. In the study, goethite was widely applied to remove As in both arsenite (As3+) and arsenate (As5+) species. The report indicated that As3+ is more toxic, mobile, and soluble in the aquatic system compared to As5+.

The objectives were to investigate the rates of As3+ sorption from solution to the goethite surface at varies pH levels (4, 7, and 10). The sorption experiments assessed various As3+ concentrations (20-100 mg/L) at these pH levels to determine the equilibrium time. Additionally, the kinetic experiments were conducted to observe the mass transfer mechanism of As3+on goethite until equilibrium was reached. The experimental data, encompassing pH, contact time, and initial As3+ concentration, were analyzed using the Langmuir and Freundlich isotherm models, as well as the pseudo-first-order and pseudo-second-order sorption kinetic models.

The results indicated that the kinetic sorption of As3+ was influenced by pH, with sorption equilibrium being reached within contact times of 60, 180, and 360 minutes at pH levels of 4, 7, and 10, respectively. The maximum sorption capacity for As3+ was 2.17 mg/g at pH 7, which decreased to 1.94 mg/g at pH 4 and 1.55 mg/g at pH 10. The mechanism might have been involved with goethite surface charge (negative charge) and As3+ species charge in each pH levels, for pH 7 As3+ exists in neutral species. The contact time required for As3+ sorption was found to be 1,080 minutes for all pH levels. Kinetic data demonstrated that the pseudo-second order model provided an excellent fit for As3+ sorption (R2=0.99), with an equilibrium rate constant (k2) of 8.63, 6.08, and 6.48 g/mgmin-1 at pH 4, 7, and 10, respectively. The pseudo-second order model explains the chemical sorption by exchange electron or valence electron between As3+ and goethite. The sorption isotherm analysis revealed that As3+ sorption was more accurately represented by the Freundlich isotherm model, with R² values of 0.97, 0.99, and 0.89 for pH levels of 4, 7, and 10, respectively, compared to the Langmuir isotherm. The Freundlich isotherm model reveals As3+ sorption onto a heterogeneous goethite surface. 

[bookmark: _GoBack]In conclusion, this study demonstrated that a pH level of 7 is optimal for the sorption of As3+ from aqueous systems, suggesting its potential use as an As3+ sorbent. Additionally, pH conditions are crucial in the sorption of arsenic in aquifer media and the As3+-facilitated goethite colloid in groundwater. Moreover, the variations in pH charges result in the desorption of As form from mineral oxides. Goethite particles, commonly found in groundwater, are highly effective sorbents for removing pollutants due to their rich iron oxide content, high affinity, and strong chemical bonds. They are abundant in nature, can be synthetically produced, and are cost-effective. Further research will explore the impact of As(III) colloidal co-transport mechanisms, blocking effects, and flow rates at different pH levels in simulated groundwater, with the aim of designing a household filter  and investigation of sorption mechanisms in acidic or alkaline environments.
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