


Synthesis and Characterization of Engineered Nanobiochar for Enhanced Removal of Excess Fluoride in Water

ABSTRACT
Fluoride contamination in groundwater poses serious public health risks in many developing regions.  Corncob-based nanobiochar presents an innovative and sustainable solution, leveraging Nigeria’s abundant agricultural residues to create a renewable water treatment material. However, despite global interest in nanobiochar, limited research has focused on HCl-treated, corncob derived nanobiochar, particularly its structural characterization, fluoride adsorption performance, and applicability under variable environmental conditions. This study reports the synthesis, characterization, and application of hydrochloric acid (HCl)-engineered corncob-derived nanobiochar for fluoride removal from aqueous solutions. Corncobs were pyrolyzed at 550 °C to produce biochar, mechanically milled to nanoscale dimensions, and chemically activated using 1M HCl. The engineered nanobiochar was characterized using Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), and Brunauer–Emmett–Teller (BET) surface area analysis. Batch adsorption experiments were conducted to evaluate the effects of adsorbent dosage, initial fluoride concentration, pH, and contact time. Optimal fluoride removal (80–90%) was achieved at a dosage of 0.8 g L⁻¹, initial fluoride concentration of 6 mg L⁻¹, pH 2, and contact time of 60 minutes. The enhanced performance was attributed to increased surface area, nanoscale porosity, and the introduction of oxygen-containing functional groups following HCl treatment. The results demonstrate that engineered corncob nanobiochar is a low-cost, sustainable, and effective adsorbent for fluoride removal, with strong potential for application in fluoride-endemic regions. 
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INTRODUCTION
Fluoride contamination in drinking water is a pressing environmental and public health concern, particularly in developing countries where groundwater serves as the primary drinking source. Although fluoride in trace amounts (0.5 – 1.5 mg/L) strengthens bones and teeth, concentrations above 1.5 mg/L can cause dental and skeletal fluorosis, bone deformities, neurological impairments, and other systemic disorders [1]. Fluoride contamination in groundwater arises from both anthropogenic and geogenic sources. Anthropogenic sources such as coal burning, industrial activities, and phosphate fertilizers significantly raise the groundwater fluoride level. However, the geogenic source includes the leaching and dissolution of fluoride-bearing minerals, ion exchange, rock-water interaction, weathering process, evaporation, precipitation of calcite, and the type of rock present [19]. The World Health Organization estimates that over 260 million people worldwide consume fluoride-contaminated water, especially in regions of India, China, Ethiopia, Kenya, and parts of Nigeria [2]. Conventional methods of de-fluoridation, including reverse osmosis, ion exchange, precipitation, and activated alumina adsorption, are often expensive, energy-intensive, and impractical for small-scale or low-income communities [3].
Biochar, a carbon-rich material produced through pyrolysis of biomass, has gained attention as a sustainable adsorbent due to its affordability, high porosity, and environmental compatibility [4]. Studies have shown that biochar can effectively remove pollutants from wastewater [20,23]. However, its limited surface reactivity and negative surface charge restrict its fluoride adsorption capacity. To overcome these limitations, nanobiochar, biochar reduced to nanoscale dimensions, offers enhanced surface area and reactivity, improving pollutant adsorption efficiency [5]. Due to its nanoscale size, it exhibits certain unique characteristics: higher surface area-to-volume ratio, more significant reactivity, and adsorption [21,22]. Furthermore, acid modification (particularly using HCl) increases the density of oxygen-containing functional groups (-OH, -COOH), facilitating stronger electrostatic attraction and ion exchange with fluoride ions [6]. Corncobs, a readily available agricultural residue, are an ideal feedstock for nanobiochar production. They offer high cellulose content and structural carbon, aligning with waste-to-resource initiatives that convert agro-waste into value-added products [7].
In recent years, considerable research has been directed toward developing cost-effective, sustainable, and efficient materials for fluoride removal from contaminated water. Between 2020 and 2025, the application of biochar and its engineered derivatives has received significant attention due to their environmental compatibility, affordability, and high surface reactivity. However, the performance of conventional biochar has been limited by its low surface area, restricted functional group density, and insufficient charge properties for anionic contaminants such as fluoride. Consequently, numerous studies have explored the conversion of biochar into nanoscale and chemically modified forms to enhance adsorption efficiency, regeneration capacity, and long-term stability. According to Ramanayaka et al. (2020), nanobiochar demonstrates an adsorption capacity almost ten times higher than traditional biochar due to its extremely high surface-to-volume ratio and the abundance of reactive functional groups [8]. Their work established that mechanical milling of biochar to nanoscale dimensions (below 100 nm) significantly increases porosity, enabling faster fluoride diffusion and stronger binding through surface electrostatic interactions. Similarly, Chausali, Saxena, and Prasad (2021) reported that nanobiochar and biochar-based nanocomposites can remove both organic and inorganic pollutants efficiently, underscoring its versatility as an eco-friendly adsorbent [5]. They emphasized that particle size reduction and the incorporation of surface functional groups through acid or metal modification are critical to achieving high fluoride removal efficiency [9].
A study by Ahmed et al. (2021) investigated hydroxyapatite-biochar nanocomposites and demonstrated that chemical modification improves the ion exchange potential of biochar [4]. Their findings revealed that acid treatment with HCl or HNO₃ removes mineral impurities and ash, increases the surface area, and introduces active oxygen-containing sites such as hydroxyl (-OH) and carboxyl (-COOH) groups, which act as binding centers for fluoride ions. The study also emphasized that the modification enhances the zeta potential of the biochar, making it more electropositive and therefore more effective in attracting fluoride anions from solution. Further contributions were made by Maity et al. (2021), who developed bacterial-surfactin-mediated hydroxyapatite nanoparticles and confirmed their superior fluoride adsorption capacity and antibacterial properties [3]. This work demonstrated the potential of combining biogenic and physicochemical approaches in producing high-performance adsorbents for water purification. Similarly, Kut et al. (2022) presented a comprehensive review of fluoride contamination across African groundwater systems, including Nigeria, Kenya, and Tanzania [10]. They identified significant fluoride concentrations, often exceeding 10 mg/L, and concluded that local and low-cost adsorbents such as biochar are crucial for mitigating fluoride-related health risks in low-income regions [10].
Tomar et al. (2022) explored the role of acid modification in improving biochar efficiency. Their research established that HCl treatment specifically enhances fluoride adsorption by increasing surface roughness, removing metallic oxides, and enriching oxygenated functional groups. They observed that HCl-modified biochars exhibited up to 80% improvement in fluoride adsorption compared to untreated counterparts [6]. Likewise, Hettithanthri et al. (2023) synthesized layered double hydroxide-modified corncob biochar and demonstrated that temperature and chemical activation significantly influence the adsorption capacity [11]. They concluded that thermochemical activation using mild acids at moderate pyrolysis temperatures (500–600°C) produces optimal pore structures and active binding sites. Building on this trend, Kumar et al. (2023) and Kumar, Singh, and Mukherjee (2023) emphasized that agricultural residues such as corncobs are highly promising feedstocks for producing biochar due to their high carbon and cellulose content, abundance, and low cost [7, 12]. Their research demonstrated that corncob-derived nanobiochar could efficiently adsorb contaminants such as methylene blue and fluoride from aqueous solutions, with removal efficiencies exceeding 85%. These studies further highlighted the environmental advantages of valorizing agricultural wastes, aligning with circular economy principles and sustainable waste management strategies [7, 12].
The persistence of fluoride contamination in groundwater presents a critical environmental and public health challenge, especially in developing regions where access to advanced purification systems is limited. Nigeria, like many sub-Saharan African countries, has communities whose groundwater fluoride concentrations exceed the WHO permissible limit of 1.5 mg/L. Continuous ingestion of such water leads to severe health conditions, including dental and skeletal fluorosis, neurological disorders, and kidney damage [1]. While numerous fluoride removal methods exist, including ion exchange, reverse osmosis, and chemical precipitation, these technologies are generally unaffordable, energy-intensive, and maintenance-demanding, making them unsuitable for rural communities. Adsorption using natural and engineered materials offers a simpler, low-cost, and scalable alternative. Corncob-based nanobiochar presents an innovative and sustainable solution, leveraging Nigeria’s abundant agricultural residues to create a renewable water treatment material. However, despite global interest in nanobiochar, limited research has focused on HCl treated, corncob derived nanobiochar, particularly its structural characterization, fluoride adsorption performance, and applicability under variable environmental conditions [2].
This study is therefore rationalized by the urgent need to develop and scientifically validate an affordable, efficient, and environmentally sustainable adsorbent capable of removing excess fluoride from water while promoting agricultural waste utilization and circular economy principles.

MATERIALS AND METHODS
This study adopted an experimental laboratory design, involving synthesis, chemical modification, characterization, and application of nanobiochar for fluoride removal under controlled conditions.
Materials and Equipment
The major materials/equipment used in this work included a Corncobs (collected locally), concentrated HCl, NaOH, NaF (for fluoride solutions), deionized water, UV–Vis spectrophotometer, pH meter, muffle furnace, sieve set, analytical balance, SEM, FTIR, BET, and XRD instruments.
Preparation of Nanobiochar
Corncobs were washed, dried, and pyrolyzed at 550 °C for 2 hours under oxygen-limited conditions to produce biochar. The biochar was mechanically milled and sieved to obtain nanoscale particles (<100 nm). The nanobiochar was then treated with 1 M HCl (1:10 w/v) for 4 hours, washed to neutral pH, dried at 105 °C, and stored for further use [13, 14]. 
Characterization
Surface morphology was examined using SEM, functional groups were identified by FTIR (400–4000 cm⁻¹), crystallinity was analyzed using XRD (2θ = 10–80°), and surface area and pore structure were determined using BET analysis [15]. 
Batch Adsorption Experiments
Fluoride adsorption experiments were performed using synthetic fluoride solutions prepared from sodium fluoride. The effects of adsorbent dosage (0.2–1.2 g L⁻¹), initial fluoride concentration (2–12 mg L⁻¹), pH (2–10), and contact time (20–120 min) were evaluated at 25 °C. Residual fluoride concentrations were analyzed using the Acid Zirconyl–SPADNS spectrophotometric method at 570 nm. Removal efficiency and adsorption capacity were calculated accordingly [15]. 

RESULTS AND DISCUSSION
Characterization of Engineered Nanobiochar
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Figure 1: Fourier-Transform Infrared Spectroscopy
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Figure 2: Scanning Electron Microscopy (SEM)

Figure 3: X-ray diffraction


Figure 4: Brunauer-Emmett-Teller

Figure 5: Calibration Curve Graph

A calibration curve was established using the Acid Zirconyl-SPADNS method to convert absorbance to residual fluoride concentration (Cₑ, mg/L). Fluoride standards (0, 0.5, 1.0, 1.5, 2.0 mg/L) were prepared, and absorbance was measured at 570 nm after mixing 10 mL of each standard with 3 mL SPADNS reagent and a 5-minute reaction time [16]. The high R² value confirms the method’s reliability for concentrations up to 2 mg/L, suitable for the expected Cₑ (0.01–5 mg/L) in adsorption experiments.
The SEM images of the HCl-treated nanobiochar at magnifications of 500x, 1000x, and 2000x reveal a highly porous and irregular surface morphology, indicative of nanoscale structural modifications. At 500x (100 μm scale), the material displays a rough, fragmented texture with block-like formations and interconnected pores, suggesting effective imprint by HCl that removed mineral impurities and ash from the pristine biochar. At 1000x (50 μm scale), the porosity becomes more pronounced, with visible nanoscale particles (50-150 nm) and a heterogeneous surface, enhancing active site exposure for adsorption. At 2000x (20 μm scale), the complex network of pores and jagged edges is evident, confirming microporous and mesoporous structures ideal for fluoride ion diffusion and binding. The increased roughness and porosity, resulting from HCl-induced demineralization, improve the nanobiochar's surface area and reactivity, making it highly suitable for fluoride removal from water through enhanced electrostatic interactions and ion exchange. The BET Analysis graph shows the HCl-treated nanobiochar has negligible micropores below 0.78 nm, with significant pore volume starting at 0.8 nm and increasing to 0.0169 cm³/g/nm at 5.98 nm. This indicates a useful micropore and small mesopore range (0.8-6 nm) for fluoride removal, providing accessible sites for ion exchange and adsorption in water treatment [17].
SEM images revealed a highly porous and irregular nanoscale surface structure following HCl treatment, indicating enhanced adsorption sites. FTIR spectra confirmed the presence of oxygen-containing functional groups (–OH, –COOH), which promote fluoride binding. XRD patterns indicated an amorphous carbon structure, while BET analysis showed increased surface area and mesoporous distribution favorable for fluoride adsorption[17]. 

Effect of Operational Parameters


Figure 6: Dosage Variation Graph


Figure 7: Initial Fluoride Concentration Graph

Figure 8: pH Variation Graph


Figure 9: Contact Time Variation Graph

Fluoride removal efficiency increased with increasing adsorbent dosage up to 0.8 g L⁻¹. Maximum adsorption occurred at acidic pH (pH 2), attributed to electrostatic attraction between protonated functional groups and fluoride ions. Equilibrium was reached within 60 minutes, indicating rapid adsorption kinetics. These results are consistent with previously reported acid-modified biochar systems [18]. 

CONCLUSION
HCl-engineered corncob-derived nanobiochar demonstrated high efficiency for fluoride removal from water under optimized conditions. The enhanced performance is attributed to nanoscale particle size, increased surface area, and acid-induced functionalization. The material offers a sustainable, low-cost alternative to conventional defluoridation technologies and holds promise for application in fluoride-affected regions.
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Intensity


dV(d)	2.0000000000000011E-2	4.0000000000000022E-2	6.0000000000000026E-2	8.0000000000000043E-2	0.1	0.12000000000000002	0.14000000000000001	0.16	0.18000000000000008	0.2	0.22	0.24000000000000007	0.26	0.28000000000000008	0.30000000000000016	0.32000000000000017	0.34	0.36000000000000015	0.38000000000000017	0.4	0.42000000000000015	0.44	0.46	0.48000000000000015	0.5	0.52	0.54	0.56000000000000005	0.58000000000000007	0.60000000000000031	0.62000000000000033	0.64000000000000035	0.66000000000000036	0.68	0.70000000000000029	0.72000000000000031	0.74000000000000032	0.76000000000000034	0.78	0.8	0.82000000000000028	0.8400000000000003	0.86000000000000032	0.88	0.9	0.92	0.94000000000000028	0.9600000000000003	0.98	1	1.02	1.04	1.06	1.08	1.1000000000000001	1.1200000000000001	1.1399999999999992	1.1599999999999993	1.1800000000000006	1.2	1.22	1.24	1.26	1.28	1.3	1.32	1.34	1.36	1.3800000000000001	1.4	1.42	1.44	1.46	1.48	1.5	1.52	1.54	1.56	1.58	1.6	1.62	1.6400000000000001	1.6600000000000001	1.6800000000000006	1.7	1.72	1.74	1.76	1.78	1.8	1.82	1.84	1.86	1.8800000000000001	1.9000000000000001	1.9200000000000006	1.9400000000000006	1.9600000000000006	1.9800000000000006	2	2.02	2.04	2.06	2.08	2.1	2.12	2.14	2.16	2.1800000000000002	2.2000000000000002	2.2200000000000002	2.2400000000000002	2.2599999999999998	2.2799999999999998	2.2999999999999998	2.3199999999999985	2.34	2.36	2.38	2.4	2.42	2.44	2.46	2.48	2.5	2.52	2.54	2.56	2.58	2.6	2.62	2.64	2.66	2.68	2.7	2.72	2.74	2.7600000000000002	2.7800000000000002	2.8	2.82	2.84	2.86	2.88	2.9	2.92	2.94	2.96	2.98	3	3.02	3.04	3.06	3.08	3.1	3.12	3.14	3.16	3.18	3.2	3.22	3.24	3.2600000000000002	3.2800000000000002	3.3	3.32	3.34	3.36	3.38	3.4	3.42	3.44	3.46	3.48	3.5	3.52	3.54	3.56	3.58	3.6	3.62	3.64	3.66	3.68	3.7	3.72	3.74	3.7600000000000002	3.7800000000000002	3.8	3.82	3.84	3.86	3.88	3.9	3.92	3.94	3.96	3.98	4	4.0199999999999996	4.04	4.0599999999999996	4.08	4.0999999999999996	4.1199999999999974	4.1399999999999997	4.1599999999999975	4.18	4.2	4.22	4.24	4.26	4.28	4.3	4.3199999999999985	4.34	4.3599999999999985	4.38	4.4000000000000004	4.42	4.4400000000000004	4.46	4.4800000000000004	4.5	4.5199999999999996	4.54	4.5599999999999996	4.58	4.5999999999999996	4.6199999999999974	4.6399999999999997	4.6599999999999975	4.68	4.7	4.72	4.74	4.76	4.78	4.8	4.8199999999999985	4.84	4.8599999999999985	4.88	4.9000000000000004	4.92	4.9400000000000004	4.96	4.9800000000000004	5	5.0199999999999996	5.04	5.0599999999999996	5.08	5.0999999999999996	5.1199999999999974	5.14	5.1599999999999975	5.18	5.2	5.22	5.24	5.26	5.28	5.3	5.3199999999999985	5.34	5.3599999999999985	5.38	5.4	5.42	5.44	5.46	5.48	5.5	5.52	5.54	5.56	5.58	5.6	5.6199999999999974	5.64	5.6599999999999975	5.68	5.7	5.72	5.74	5.76	5.78	5.8	5.8199999999999985	5.84	5.8599999999999985	5.88	5.9	5.92	5.94	5.96	5.98	2.8684700000000125E-27	1.7928000000000078E-28	3.5413200000000172E-29	1.1205000000000059E-29	4.5895600000000244E-30	2.2133300000000125E-30	1.1947000000000061E-30	7.0031100000000344E-31	4.3720100000000211E-31	2.8684700000000146E-31	1.9592100000000108E-31	1.3833300000000067E-31	1.0043300000000049E-31	7.4668700000000411E-32	5.6661200000000276E-32	4.3769400000000242E-32	3.4344300000000174E-32	2.732500000000013E-32	2.2010800000000122E-32	1.7928000000000093E-32	1.4749400000000077E-32	1.2245000000000061E-32	1.0250400000000055E-32	8.6458100000000453E-33	7.343290000000041E-33	6.2770800000000341E-33	5.3975400000000269E-33	4.6667900000000237E-33	4.0556300000000227E-33	3.5413200000000198E-33	3.106020000000017E-33	2.7355900000000149E-33	2.4187700000000133E-33	2.1465200000000122E-33	1.9115200000000102E-33	1.707810000000009E-33	1.5305400000000086E-33	1.3756800000000073E-33	4.7938700000000255E-31	9.7416900000000421E-29	1.1851800000000058E-26	9.1644600000000387E-25	4.7426500000000194E-23	1.7177500000000058E-21	4.5271200000000112E-20	8.9814000000000306E-19	1.3817200000000033E-17	1.6918600000000044E-16	1.6870700000000046E-15	1.398010000000004E-14	9.8007600000000259E-14	5.9057100000000146E-13	3.1021800000000065E-12	1.4384600000000023E-11	5.9542900000000119E-11	2.2223800000000045E-10	7.5468600000000132E-10	2.3505900000000027E-9	6.7640100000000075E-9	1.810050000000003E-8	4.5310900000000088E-8	1.0667500000000011E-7	2.3734000000000017E-7	5.0123400000000058E-7	1.0087900000000001E-6	1.9419500000000018E-6	3.5874200000000041E-6	6.3789800000000031E-6	1.0948200000000001E-5	1.8182700000000018E-5	2.9288800000000024E-5	4.585610000000003E-5	6.9918400000000086E-5	1.0400800000000012E-4	1.5119499999999999E-4	2.151130000000002E-4	2.9996200000000019E-4	4.1048600000000011E-4	5.519310000000003E-4	7.2997400000000064E-4	9.5063500000000046E-4	1.2201600000000001E-3	1.5449100000000007E-3	1.9312100000000013E-3	2.3852000000000001E-3	2.91274E-3	3.5192100000000013E-3	4.2094400000000053E-3	4.9875600000000029E-3	5.8569600000000031E-3	6.8201299999999998E-3	7.8786900000000059E-3	9.0332900000000028E-3	1.0283700000000003E-2	1.1628600000000001E-2	1.30659E-2	1.4592599999999999E-2	1.6204800000000009E-2	1.7897900000000001E-2	1.9666700000000009E-2	2.1505300000000015E-2	2.3407200000000013E-2	2.5365800000000001E-2	2.7373800000000021E-2	2.9423999999999999E-2	3.1508700000000001E-2	3.3620499999999998E-2	3.5751699999999997E-2	3.7894900000000023E-2	4.0042599999999998E-2	4.2187700000000022E-2	4.4323300000000024E-2	4.6442799999999999E-2	4.8539699999999998E-2	5.0608199999999985E-2	5.2642599999999998E-2	5.4637800000000014E-2	5.6588899999999977E-2	5.8491700000000021E-2	6.0342100000000003E-2	6.2136500000000025E-2	6.3871800000000006E-2	6.554519999999997E-2	6.715450000000002E-2	6.8697500000000009E-2	7.0172600000000043E-2	7.1578600000000006E-2	7.2914400000000046E-2	7.417940000000002E-2	7.5373200000000043E-2	7.6495599999999997E-2	7.7546799999999999E-2	7.8527200000000019E-2	7.9437200000000041E-2	8.0277700000000007E-2	8.1049600000000013E-2	8.1753900000000004E-2	8.2391900000000004E-2	8.2964800000000047E-2	8.3474200000000026E-2	8.3921600000000068E-2	8.4308600000000025E-2	8.4636800000000068E-2	8.49081E-2	8.5124200000000066E-2	8.5286800000000024E-2	8.5398000000000002E-2	8.5459500000000022E-2	8.5473200000000013E-2	8.54409E-2	8.5364500000000024E-2	8.5246000000000002E-2	8.5087000000000024E-2	8.4889500000000007E-2	8.4655100000000122E-2	8.4385800000000025E-2	8.4083100000000008E-2	8.3748900000000057E-2	8.3384600000000003E-2	8.2992100000000013E-2	8.2572800000000002E-2	8.2128200000000012E-2	8.1659900000000063E-2	8.1169300000000028E-2	8.0657800000000085E-2	8.0126800000000054E-2	7.9577500000000023E-2	7.9011300000000034E-2	7.8429299999999993E-2	7.7832800000000035E-2	7.7222799999999994E-2	7.6600399999999999E-2	7.5966800000000043E-2	7.5322800000000023E-2	7.46695E-2	7.4007700000000037E-2	7.3338399999999998E-2	7.2662300000000013E-2	7.19804E-2	7.1293200000000001E-2	7.0601700000000003E-2	6.9906500000000024E-2	6.9208199999999997E-2	6.8507399999999996E-2	6.7804800000000012E-2	6.7100900000000033E-2	6.6396300000000033E-2	6.56915E-2	6.4986900000000042E-2	6.4283000000000021E-2	6.3580300000000006E-2	6.2879099999999993E-2	6.2179799999999986E-2	6.1482800000000004E-2	6.0788399999999999E-2	6.009690000000005E-2	5.940870000000003E-2	5.8724000000000012E-2	5.8043000000000004E-2	5.7366000000000042E-2	5.6693300000000002E-2	5.6024999999999998E-2	5.5361300000000023E-2	5.4702400000000047E-2	5.4048500000000013E-2	5.3399700000000022E-2	5.2756200000000038E-2	5.2118100000000014E-2	5.1485499999999997E-2	5.0858500000000001E-2	5.0237200000000003E-2	4.9621699999999998E-2	4.9012100000000031E-2	4.8408399999999997E-2	4.7810700000000032E-2	4.7219000000000004E-2	4.6633500000000001E-2	4.6054099999999987E-2	4.5480800000000002E-2	4.4913700000000042E-2	4.4352800000000026E-2	4.379820000000003E-2	4.3249699999999974E-2	4.270750000000003E-2	4.2171500000000001E-2	4.1641699999999976E-2	4.1118099999999998E-2	4.0600700000000003E-2	4.0089399999999997E-2	3.958430000000001E-2	3.9085300000000024E-2	3.8592499999999988E-2	3.8105600000000003E-2	3.7624800000000021E-2	3.7150000000000002E-2	3.6681100000000022E-2	3.6218199999999999E-2	3.5761099999999997E-2	3.5309800000000002E-2	3.4864300000000001E-2	3.44246E-2	3.39905E-2	3.3562099999999984E-2	3.3139200000000001E-2	3.2721899999999998E-2	3.2310100000000001E-2	3.1903700000000021E-2	3.1502599999999999E-2	3.110690000000001E-2	3.0716399999999998E-2	3.0331200000000016E-2	2.9951100000000001E-2	2.9576000000000002E-2	2.9206099999999999E-2	2.8841100000000015E-2	2.8480999999999999E-2	2.8125799999999986E-2	2.7775400000000013E-2	2.7429700000000012E-2	2.7088700000000014E-2	2.6752399999999999E-2	2.6420599999999989E-2	2.6093400000000006E-2	2.5770600000000001E-2	2.5452300000000011E-2	2.5138199999999999E-2	2.48285E-2	2.4523E-2	2.4221699999999999E-2	2.3924599999999983E-2	2.3631500000000014E-2	2.3342399999999989E-2	2.3057299999999999E-2	2.2776100000000014E-2	2.2498799999999999E-2	2.2225300000000021E-2	2.1955499999999989E-2	2.1689400000000011E-2	2.1427000000000002E-2	2.1168199999999991E-2	2.0913000000000001E-2	2.0661200000000012E-2	2.0412900000000001E-2	2.0167999999999998E-2	1.992650000000001E-2	1.9688200000000003E-2	1.9453300000000003E-2	1.9221500000000013E-2	1.8992999999999999E-2	1.876750000000001E-2	1.8545100000000009E-2	1.832580000000001E-2	1.8109500000000011E-2	1.7896100000000005E-2	1.7685600000000003E-2	1.7478E-2	1.7273199999999999E-2	1.7071200000000002E-2	1.6872000000000005E-2	Pore Diameter (nm)

dV(d) Pore Volume


Calibration Curve
Absorbance	y = -0.963x
R² = 0.9077
0	1	1.5	2	2.5	0	-1.8660000000000001	-1.837	-1.867	-1.859	


Dosage Variation
% Removal	0	1.0000000000000005E-2	2.0000000000000011E-2	3.0000000000000002E-2	4.0000000000000022E-2	0.05	6.0000000000000026E-2	0	88.8	86	86.6	85.7	87.8	87.2	qₑ (mg/g)	0	1.0000000000000005E-2	2.0000000000000011E-2	3.0000000000000002E-2	4.0000000000000022E-2	0.05	6.0000000000000026E-2	0	26.64	12.9	8.66	6.42	5.2700000000000014	4.3599999999999985	Dosage

%Removal

qe(mg/g)





Initial Variation
% Removal	0	2	4	6	8	10	12	0	22.4	61.5	67.900000000000006	77.3	82.2	84.8	qₑ (mg/g)	0	2	4	6	8	10	12	0	0.56000000000000005	3.07	5.09	7.73	10.28	12.719999999999999	Conc.(mg/L)

%Removal

qe(mg/g)





pH Variation
% Removal	0	2	4	6	7	8	0	77.599999999999994	76.7	76.7	74.7	66.3	qₑ (mg/g)	0	2	4	6	7	8	0	5.8199999999999985	5.75	5.75	5.6	4.9700000000000024	pH

%Removal

qe(mg/g)





% Removal	0	20	40	60	80	100	120	0	73.099999999999994	74.599999999999994	75.7	74.900000000000006	75.400000000000006	74.5	qₑ (mg/g)	0	20	40	60	80	100	120	0	5.48	5.59	5.67	5.6199999999999974	5.6499999999999995	5.59	Time(min)

%Removal

qe(mg/g)
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