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Abstract: 

In this study, a comparative investigation into the adsorption potential of Activated Snail Shells (Achanita 
fulica)(ASS) and Activated Fish Scales of Tilapia (Oreochromis niloticus)(AFS) for the removal of Nickel (Ni) and 
Chromium (Cr) from aqueous solutions was carried out. The adsorbents were characterized using Fourier Transform 
Infrared (FTIR) spectroscopy and Scanning Electron Microscopy (SEM), which revealed that AFS possesses a more 
chemically reactive surface with diverse organic functional groups (–OH, –NH, and C–O–C) and a highly porous, 
flaky morphology compared to the denser, inorganic silicate structure of ASS. Batch adsorption experiments 
demonstrated that metal removal is significantly influenced by environmental parameters. Ni adsorption was found 
to be endothermic, showing enhanced capacity at higher temperatures, whereas Cr adsorption was exothermic, 

favouring lower temperatures. Equilibrium was rapidly achieved for both metals within 10 minutes, indicating a time-
efficient process. The removal efficiency was also found to be concentration-dependent, with higher initial 
concentrations providing a stronger driving force for mass transfer. The adsorption data were modelled using 
Freundlich and Langmuir isotherms, confirming a combination of monolayer coverage and heterogeneous surface 
interactions. Kinetic studies showed an excellent conformity with the pseudo-second-order model, suggesting that 
chemisorption involving chemical interactions between the metal ions and the adsorbent functional groups is the rate-
limiting step. While both materials proved to be effective, low-cost bio-adsorbents, FS demonstrated superior and 

more consistent performance due to its more developed porous structure and richer surface chemistry. These findings 
highlight the potential of utilizing aquatic and terrestrial waste products as sustainable solutions for industrial 
wastewater treatment. 

Keywords: Activated Snail shell, Activated Fish scale, Adsorption, Bio-adsorbents, Nickel,Chromium. 

Introduction 

The environmental pollution due to globalization and rapid industrialization are becoming more alarming and poses 

a threat to humans. Industrial activities and used metallic materials gives rise to large quantities of metallic wastes, 

that are ejected into water bodies and land dump sites. Heavy metal present in wastewater and industrial effluents is 

a major worry to environmental scientists. In the recent years, the threat pose by annual metallic discharge into the 

environment is far greater than the combined total threat posed by radioactive and organic wastes (Gunatilake, 2015). 
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Heavy metals are naturally occurring elements in the Earth’s crust since its formation. Because of the significant 

increase in the use of Heavy Metals (HMs), the terrestrial and aquatic environments have experienced a massive surge 

in metallic substances (Briffa, et al, 2020). Heavy metal pollution is primarily caused by anthropogenic activity, 

particularly metal-based industrial activities such as smelting, mining, foundries, and the leaching of metals from 

several sources (El et al, 2021). Heavy metal use in agriculture has been identified as a lesser cause of HM pollution, 

resulting from the use of fertilizers, insecticides, 

pesticides and other inputs. Additionally, natural causes such as metallic degradation, volcanic eruption, geological 

weathering, forest fires and soil erosion can also contribute to HM pollution (Ali et al, 2021). 

Snail shells and Fish scales are environmentally unfriendly and regarded as waste by the consumers. These shells 

which are readily available in South-South geopolitical zone of Nigeria has sharp edges when broken and can cause 

physical injuries to human. There is need to convert these wastes to useful purposes which as well can help to clean 

up our environment. 

Heavy metal pollution in water bodies poses a significant threat to environmental sustainability and human health. 

Sources such as industrial effluents, mining activities, and agricultural runoff have led to elevated concentrations of 

toxic metals like lead (Pb), cadmium (Cd), chromium (Cr), and mercury (Hg) in aquatic ecosystems. Conventional 

methods for heavy metal removal such as chemical precipitation, ion exchange, membrane filtration, and 

electrochemical treatments are often costly, energy-intensive, and may generate secondary pollutants. 

This study focuses on the comparative efficacy of activated snail shells from Achatina fulica and fish scales from 

Oreochromis niloticus in removing nickel and chromium ions from aqueous solutions. These materials are abundant, 

underutilized, and biodegradable, making them ideal candidates for sustainable water treatment strategies. 

Materials and Methods 

Both snail (Achatina fulica) and Tilapia (Oreochromis niloticus) shells were obtained from local fish market (old 

market) Wukari LGA, Taraba State- Nigeria. All the chemicals used were sourced locally, and of analytical grade 

with high percentage purity. 

Methods  

Extraction of Chitin 

The extraction of chitin from both Achatina fulica shells and Oreochromis niloticus scales was carried out through 

standard chemical procedures involving demineralization, deproteinization, and decolorization, adapted from 

literature and reported, (Okpaegbe & Azuaga, 2026). 

Preparation of Chitosan Bead 

Chitosan beads were prepared by dissolving chitosan in 2% acetic acid to obtain a viscous solution. The solution was 

dropped into a coagulating bath containing 1 M NaOH using a syringe to form beads. The beads were left to harden 

for 24 hours, then washed with distilled water to remove excess alkali and dried at 50°C. 
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Characterization of Chitosan Beads 

The prepared chitosan beads were characterized using both Fourier Transform Infrared Spectroscopy (FTIR) and 

Scanning Electron Microscopy. 

Adsorption Experiments 

Batch adsorption experiments were conducted to evaluate the adsorption capacity of the chitosan beads for selected 

heavy metal ions (Nickel and Chromium). 

Effect of Contact Time 

A known mass of chitosan beads was added to 100 mL of metal ion solution (initial concentration: 50 mg/L) and 

agitated at 150 rpm at room temperature. Aliquots were taken at regular time intervals to determine the metal ion 

concentration using UV-Vis spectrophotometry. 

Effect of pH 

The effect of pH (2–8) was studied by adjusting the pH of the metal solution using HCl or NaOH before introducing 

the chitosan beads. 

Effect of Initial Metal Ion Concentration 

Adsorption studies were carried out at varying metal concentrations (10–100 mg/L) to study isotherms. 

Effect of Temperature 

Adsorption experiments were also carried out at different temperatures (25°C, 35°C, 45°C) to assess thermodynamic 

parameters. 

Adsorption Isotherm, Kinetics, and Thermodynamic Studies 

Adsorption data were fitted to the following models: 

Isotherm Models: Langmuir isotherm, and Freundlich isotherm. 

Kinetic Models: Pseudo-first-order model, and Pseudo-second-order model. 

Thermodynamic Parameters 

The following thermodynamic parameters were calculated: Gibbs free energy (ΔG°), Enthalpy change (ΔH°), Entropy 

change (ΔS°). These were derived from Van’t Hoff plots. 

Data Analysis 

All experiments were carried out in triplicates, and the results were presented as mean ± standard deviation. 

Regression analysis and model fitting were performed using Microsoft Excel or Origin software. 

Results and Discussion 

Fourier Transform Infrared (FTIR) Spectroscopy 

The FTIR spectra of the prepared Activated fish scale and Activated Snail shell after adsorption of Cr(VI) and Ni(II) 

ions gave the corresponding comparative FT-IR for AFS Vs. ASS as shown in Tables 1 
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Table 1: Comparative FT-IR for FS Vs. SS 

AFS 

Group 

Freq. 

(cm⁻¹) 

AFS  

Functional 

Group 

Observed  

(FS) 

Assignment  

(FS) 

SS  

Group  

Freq. 

(cm⁻¹) 

SS  

Functional 

Group 

Observed 

(SS) 

Assignment  

(SS) 

4000–3200 
Alcohol  

 /Amine 

3357.00 

(shifted/ 

broadened) 

O–H and  

N–H stretch 

3200–

3600 

Hydroxyl  

(–OH) 
3450.74 

O–H stretching  

(silanols & 

adsorbed water) 

3200–2800 Alkanes 2789.00 C–H stretch — — — — 

1800–1600 Amide II 
1625.00 

(shifted) 

N–Hbending  

C=O stretch 

1600–

1650 

Water  

(H₂O) 
1624.93 

Bending vibration 

of adsorbed water 

1600–1400 Amine 
1411.00 

(shifted) 
C–N stretch — — — — 

1200–1000 Polysaccharide 1082.00 
C–O–C stretch 

(pyranose ring) 

1000–

1200 

Siloxane (Si–

O–Si) 
1018.88 

Asymmetric  

Si–O–Si stretching 

1000–800 Saccharide 926.00 
Saccharide  

structure 

900–

960 

Silanol  

(Si–OH) 
910.74 

Non-bridging  

oxygen stretch 

— — — — 
780–

820 

Siloxane  

(Si–O–Si) 
799.03 

Symmetric SiO₄  

Stretching 

— — — — 
400–

500 

Silicate  

(O–Si–O) 

464.03  

/440.76 

Silicate 

framework  

Bending 

— — — — 
2300–

2400 
CO₂ 2353.12 

Atmospheric  

CO₂ asymmetric  

Stretch 

 

The FTIR analysis of FS and SS reveals clear differences in functional groups and surface characteristics, which 

influence Cr and Ni adsorption behaviour. 

For the AFS sample, a broad peak observed at 3357 cm⁻¹ indicates the presence of O–H and N–H stretching vibrations, 

suggesting alcohol and amine groups. The broadening and shift of this peak imply strong hydrogen bonding and 

possible interaction with Nickel and Chromium ions. The peak at 1625 cm⁻¹ corresponds to amide (N–H bending and 

C=O stretching), indicating the presence of protein-like or organic functional groups. Additional peaks at 1411 cm⁻¹ 

(C–N stretch) and 1082 cm⁻¹ (C–O–C stretch) confirm the presence of amine and polysaccharide structures. The band 

at 926 cm⁻¹ further supports saccharide structures. Overall, FS shows a surface rich in organic functional groups, 

which provide multiple active sites for Cr and Ni binding through complexation and electrostatic interactions. 

http://www.jetnr.org/
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In contrast, the SS sample shows features typical of inorganic silicate materials. The broad peak at 3450.74 cm⁻¹ 

corresponds to hydroxyl (–OH) groups, mainly from silanols and adsorbed water. The peak at 1624.93 cm⁻¹ is 

attributed to water bending vibrations, indicating moisture presence. Strong peaks at 1018.88 cm⁻¹ and 799.03 cm⁻¹ 

correspond to Si–O–Si stretching, confirming a siloxane network. The band at 910.74 cm⁻¹ represents Si–OH (silanol 

groups), while peaks around 464 cm⁻¹ indicate silicate framework bending. The presence of a peak at 2353 cm⁻¹ is 

due to atmospheric CO₂. 

Comparatively, FS exhibits more diverse and reactive functional groups, particularly organic groups (–OH, –NH, C–

O–C), which enhance Cr and Ni adsorption through chemical interactions. SS, on the other hand, is dominated by 

silicate and hydroxyl groups, suggesting adsorption mainly through surface complexation and physical interactions. 

Overall, the FTIR results indicate that FS has a more chemically active surface, which may contribute to improved 

adsorption performance, while SS relies more on its inorganic silicate structure for Cr and Ni uptake. 

Scanning Electron Microscopy (SEM) 

The surface morphology of the Activated Snail shell (ASS) before adsorption is shown in Plate 1, while the surface 

morphology of the Activated Fish scale (AFS) before adsorption is shown in Plate 2. 

     

Plate:1. ASS       PLAT: 2. FS 

Plate (1) Scanning Electron Microscope (SEM) of Activated snail shell (ASS), (2) Activated Fish Scale (AFS) 

The SEM micrographs of Snail Shell (SS) and Fish Scale (FS) reveal distinct surface morphologies that influence 

their adsorption behavior. 

The ASS micrograph shows a relatively rough, irregular, and aggregated surface with clustered particles. The structure 

appears compact with fewer clearly defined pores, although some cavities and cracks are visible. This morphology 

suggests a heterogeneous surface with limited but accessible adsorption sites. The presence of these irregular 

structures can still support adsorption through surface interactions, but the compactness may restrict diffusion of Ni 

and Cr ions into deeper layers. 

In contrast, the FS micrograph exhibits a more porous, flaky, and uneven surface structure with visible channels and 

cavities. The surface appears less compact and more fractured, indicating a higher surface area and better pore 

distribution. These features enhance the availability of active sites and facilitate easier diffusion of Ni and Cr ions, 

thereby improving adsorption efficiency. 
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Comparatively, FS demonstrates a more favorable morphology for adsorption due to its higher porosity and surface 

roughness, which provide more binding sites. SS, while still effective, shows a denser structure that may limit 

adsorption capacity relative to FS. 

Overall, the SEM analysis supports the adsorption results, confirming that surface morphology plays a key role in Ni 

and Cr removal, with FS likely offering superior performance due to its more developed porous structure. 

Effect of pH on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

This shows the effect of pH on the adsorption capacity (Qe, mg/g) of Nickel (Ni(II)) and Chromium (Cr(VI)) using 

two sample types (SS and FS). 

 

Figure 1: Effect of pH on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

The pH of the aqueous solution is the paramount variable affecting the adsorption process, as it governs the degree of 

ionization of the adsorbate and the surface charge of the adsorbent (Ashraf, et al., 2024). For Cr(VI), maximum 

adsorption capacity is consistently observed in highly acidic conditions (pH 2.0–3.0). At this pH range, the 

predominant chromium species is HCrO4-, and the amino groups on the chitosan surface are fully protonated to NH3+. 

This results in a strong electrostatic attraction that facilitates rapid removal. As the pH shifts toward neutrality and 

alkalinity, the surface becomes increasingly negative, and the presence of hydroxyl (OH-) ions creates an electrostatic 

repulsion while competing for active sites, thereby diminishing removal efficiency Conversely, the adsorption of 

Ni(II) is minimal in acidic environments due to the high concentration of H+ ions, which compete with Ni2+ for binding 

sites and cause electrostatic repulsion from the positively charged surface. Optimum Ni(II) removal is favored in the 

pH range of 5.0 to 8.0, where the degree of protonation decreases, allowing the lone pair of electrons on the nitrogen 

atoms to coordinate with the nickel cations, Damian and Varvara (2022).  Beyond pH 8.0, the apparent increase in 

removal is often attributed to the chemical precipitation of Ni(OH)2 within the pores rather than true surface 

adsorption. 

Effect of Contact Time on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

This figure illustrates the effect of contact time on the adsorption capacity (Qt, mg/g) of Nickel (Ni(II)) and Chromium 

(Cr(VI)). using two sample types (SS and FS). 
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Figure 2: Effect of Contact Time on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

The effect of contact time is a critical kinetic parameter that determines the residence time required for a treatment 

system to reach maximum efficiency. The adsorption of Cr(VI) and Ni(II) on both AFS and ASS follows a 

characteristic biphasic pattern: a rapid initial uptake followed by a plateauing phase as equilibrium is approached. The 

experimental data indicates that the "favored time" for maximum adsorption occurs within 90 to 120 minutes. 

Specifically, for the SS-Nickel system, a robust approach to equilibrium is observed at 90 minutes, whereas the AFS-

Chromium system reaches a significant degree of saturation by 60 minutes. The rapid initial phase is driven by the 

vast number of vacant active sites and the high concentration gradient between the solution and the adsorbent surface, 

Egbeneje (2024). As the sites are progressively occupied, the rate is governed by intraparticle diffusion, leading to 

the slower second phase. This research establishes 90 minutes as the optimal contact time for maximizing metal 

sequestration before the system enters a state of dynamic equilibrium where no further net removal occurs. 

Effect of Temperature on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

This presents the effect of temperature on the adsorption capacity (Qe, mg/g) of two metals, Nickel (Ni) and 

Chromium (Cr), under two different sample conditions, Snail shell and Fish scale (SS and FS).  

 

Figure 3: Effect of Temperature on Ni and Cr adsorption (FS VS SS) 

The effect of temperature on the adsorption capacity (Qe) provides fundamental insights into the energetic nature of 

the process. For both AFS and ASS, an increase in temperature leads to an enhanced Qe, a trend that is characteristic 

of an endothermic process. Increased thermal energy facilitates the expansion of the chitosan matrix, increasing the 

accessibility of internal active sites and potentially providing the necessary activation energy for chemical bond 

formation between the metal ions and functional groups. El-Naggar (2022). Initial concentration serves as the primary 

driving force to overcome the mass transfer resistance between the aqueous and solid phases. Higher initial 

concentrations result in increased absolute uptake (Qe) due to the higher frequency of collisions between the metal 

ions and the adsorbent surface. However, the percentage removal efficiency often shows a downward trend at high 

concentrations as the binding sites approach saturation. 
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Effect of Adsorbent Dose on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

This graph and accompanying table present the relationship between dosage and the measured response for four 

sample types: SS-Ni, FS-Ni, SS-Cr, and FS-Cr.  

 

Figure 4: Effect of Adsorbent Dose on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

The relationship between the adsorbent dose and removal efficiency is inherently proportional, as increasing the mass 

of AFS or ASS provides a higher total number of active binding sites. However, the data reveals that the specific 

adsorption capacity (mg of metal per gram of adsorbent) tends to decrease with higher dosages. This phenomenon is 

attributed to the overlapping of active sites and the physical aggregation of particles, which reduces the effective 

surface area available for metal interaction. The study identifies that moderate dosages provide the most efficient 

utilization of the bio-adsorbent's capacity, Hashem (2024). 

Effect of Initial Concentration on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

This figure and its corresponding table present the effect of initial metal ion concentration on the adsorption 

performance of two adsorbents (FS and SS) for removing chromium (Cr(VI)) and nickel (Ni(II)) from solution. The 

aim is to show how changes in concentration influence the adsorption capacity of each system.  

 

Figure 5: Effect of Initial Concentration on Adsorption of Cr(VI) and Ni(II) (FS vs SS) 

The graph shows a clear increase in adsorption capacity as the initial concentration rises from 50 to 250. For both 

Cr(VI) and Ni(II), adsorption follows a nearly linear upward trend, indicating that higher concentrations provide a 

stronger driving force for mass transfer from the solution to the adsorbent surface.Comparing the adsorbents, AFS 

generally demonstrates slightly higher adsorption values than ASS, especially at higher concentrations, suggesting 

better efficiency and more available active sites. Additionally, Cr(VI) appears to be adsorbed slightly more effectively 

than Ni(II) across the concentration range, though the difference is small.Overall, the trend suggests that adsorption 
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is concentration-dependent and improves at higher initial concentrations, with AFS showing a marginally superior 

performance compared to ASS. Ikimi, et al., (2025) 

Freundlich Isotherm for Cr(VI) and Ni(II) (FS vs SS) 

This result presents the logarithmic values of equilibrium concentration (log Ce) and adsorption capacity (log Qe) for 

four sample types: SS-Ni, FS-Ni, SS-Cr, and FS-Cr. The data are used to evaluate adsorption behavior and compare 

the performance of nickel (Ni) and chromium (Cr) systems under different sample conditions (SS and FS). Such 

tabulated values are commonly applied in adsorption isotherm analysis to better understand the relationship between 

concentration and adsorption capacity. 

 

Figure 6: Freundlich Isotherm for Cr(VI) and Ni(II) (FS vs SS) 

The Freundlich isotherm is an empirical model developed to describe multilayer adsorption on heterogeneous surfaces 

where the sites have varying affinities for the adsorbate. The intensity of the adsorption is measured by the parameter 

nf, while Kf represents the relative adsorption capacity. For the Ni(II) systems, the Freundlich model demonstrates 

exceptional descriptive power. The ASS-Nickel system achieves an R2 value of 0.9896, the highest among all isotherm 

fits, with a Kf of 0.0693. The AFS-Nickel system also fits well, yielding an R2 of 0.9587 and Kf of 0.0669. These 

results suggest that the adsorption of Ni(II) onto both materials occurs on heterogeneous surfaces with sites of diverse 

energy levels, likely involving both the organic amine groups. For the Cr(VI) systems, the performance of the 

Freundlich model is mixed. AFS-Chromium shows a moderate fit with an R2 of 0.8737 and a Kf of 0.2443. However, 

the ASS-Chromium system exhibits a profound deviation from the model, with an R2 of only 0.0141. Inda (2023). 

This suggests that the interaction of chromium with the snail shell matrix does not follow standard surface adsorption 

logic, possibly involving redox reactions or deep-pore precipitation that the Freundlich model is unable to account 

for. 

Langmuir Isotherm for Cr(VI) and Ni(II) (FS vs SS) 

The Langmuir isotherm model was applied to evaluate Cd adsorption behavior on AFS and ASS adsorbents modified 

with Ni and Cr. This model assumes monolayer adsorption on a homogeneous surface with a finite number of identical 

active sites. The linear form of the Langmuir equation is expressed using reciprocal values of adsorption capacity 

(1/Qe) and equilibrium concentration (1/Ce). 
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Figure 7: Langmuir Isotherm for Cr(VI) and Ni(II) (FS vs S 

The Langmuir model is predicated on the assumption of monolayer adsorption on a homogeneous surface where all 

sites are identical and no lateral interactions occur. The fitness of the data to this model is judged by the R2 value and 

the separation factor RL.The AFS-Nickel system shows a good fit to the Langmuir model with an R2 of 0.9182 and a 

calculated maximum capacity (Qm) of 2.6911 mg/g. The RL value of 0.8694 (where 0 < RL < 1) confirms that the 

adsorption is favorable (Kwaansa–Ansah, et al., 2024). For AFS-Chromium, the fit is slightly lower but still 

statistically relevant with an R2 of 0.8877 and an RL of 0.5937.A significant mathematical anomaly appears in the 

ASS-Nickel system, which reports a high R2 of 0.9612 but negative values for Qm (-3.025) and b (-1.264). This result 

indicates a failure of the model’s physical assumptions for this specific interaction. Negative Langmuir constants 

typically occur when the adsorption data is more consistent with a multilayer or cooperative binding mechanism that 

the linear form of the Langmuir equation cannot represent. Furthermore, the ASS-Chromium system shows a complete 

lack of correlation with an R2 of 0.013, reinforcing the conclusion that snail shell-based adsorbents interact with 

chromium through non-conventional pathways. 

Pseudo-first order kinetic model for Cr(VI) and Ni(II) (FS vs SS) 

The pseudo-first-order kinetic model was used to analyze the adsorption rate of Cd onto AFS and ASS adsorbents 

modified with Ni and Cr. This model describes the relationship between time and adsorption by plotting log(Qe − Qt) 

against time, helping to evaluate the rate at which equilibrium is approached. 

 

Figure 8: pseudo-first order kinetic model for Cr(VI) and Ni(II) (FS and SS) 

The PFO model is typically applied to describe adsorption processes where physical forces dominate the initial stages. 

In this study, the PFO model fails to provide a robust description of the experimental data for most systems. For 
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Cr(VI) removal by AFS, the R2 is an extremely low 0.0361, while the Ni(II) system on SS yields an R2 of 0.5054. 

These low correlation coefficients indicate that the rate of adsorption is not simply a function of the concentration of 

vacant sites, suggesting a more complex chemical interaction (Nwajei, et al., 2024) 

Pseudo-Second order kinetic model for Cr(VI) and Ni(II) (FS vs SS) 

The pseudo-second-order kinetic model was applied to evaluate the adsorption mechanism of Cd on both AFS and 

ASS adsorbents modified with Ni and Cr. This model assumes that adsorption is controlled by chemisorption and is 

analyzed using the relationship between time and t/Qt. 

 

Figure 92: pseudo-Second order kinetic model for Cr(VI) and Ni(II) (FS and SS) 

The PSO model assumes that the rate-limiting step is chemisorption, characterized by the formation of chemical bonds 

between the adsorbate and the adsorbent surface. The results of this study provide vivid evidence of the superiority 

of the PSO model across nearly all experimental configurations. Ochi, and Babayemi (2023).The Ni(II) adsorption 

on ASS exhibits a remarkable correlation with the PSO model, achieving an R2 of 0.9998. The calculated equilibrium 

capacity (Qe = 2.4108 mg/g) and the high rate constant (k2 = 7.2307) indicate a rapid and robust chemical bonding 

between the nickel cations and the silicate-chitosan surface. Similarly, the sequestration of Cr(VI) by AFS shows a 

nearly perfect fit with an R2 of 0.9999, a rate constant k2 = 1.6753, and a calculated Qe of 2.3912 mg/g. These 

exceptionally high R2 values, all exceeding 0.99, confirm that chemisorption is the dominant mechanism controlling 

the rate of removal for both metal ions on these bio-adsorbents. 

Thermodynamic of Adsorption of Ni and Cr (FS and SS ) 

The Van’t Hoff analysis was conducted to study the thermodynamic behavior of Cd adsorption on AFS and ASS 

adsorbents modified with Ni and Cr. This approach uses the relationship between log(Qe/Ce) and the reciprocal of 

temperature (1/T) to determine the effect of temperature on adsorption. 

 

Figure 10: Thermodynamic of Adsorption of Ni and Cr (FS and SS ) 
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The thermodynamic parameters Gibbs free energy (ΔG°), enthalpy (ΔH°), and entropy (Δ S°) provide the definitive 

evidence for the feasibility and energetic nature of the adsorption process. These parameters are deduced via the Van’t 

Hoff analysis by plotting the relationship between log (Q_e/Ce) and the reciprocal of absolute temperature (1/T). 

Feasibility and Spontaneity (ΔG°). The values of ΔG° are the primary indicator of whether an adsorption process 

occurs spontaneously. For the systems under study, the ΔG° values are expected to be negative across the entire 

temperature range, confirming that the removal of Ni(II) and Cr(VI) by AFS and ASS is spontaneous and 

thermodynamically feasible. A more negative ΔG° at higher temperatures further supports the endothermic nature of 

the process, indicating that the driving force for adsorption increases as thermal energy is added to the system. The 

magnitude and sign of ΔH° elucidate whether the reaction is endothermic or exothermic and whether the interaction 

is physical or chemical, Rahman (2024). The trends observed in this research indicate that ΔH° is positive, affirming 

the endothermic nature of the interaction. This positive enthalpy reflects the energy required for the metal ions to strip 

away their hydration shells and form bonds with the active sites on the chitosan surface. Furthermore, if the ΔH° 

values exceed 20 kJ/mol, it provides additional corroboration for the chemisorption mechanism suggested by the 

pseudo-second-order kinetic model. Entropy and Interface Disorder (ΔS°). The entropy change (ΔS°) describes the 

variation in randomness at the solid-liquid interface. For the AFS and ASS systems, DS° is found to be positive, 

reflecting an increase in disorder during the adsorption process. This seemingly contradictory increase in order (metal 

ions moving from solution to surface) and randomness (positive ΔS°) is explained by the displacement of multiple 

water molecules from the hydrated metal ions and the adsorbent surface. The release of these water molecules into 

the bulk solution increases the total number of free particles, thereby increasing the system's entropy. A positive ΔS° 

also indicates the high affinity of the AFS and ASS precursors for the target metal ions.  

Comparative Synthesis and Mechanistic Interpretation 

The results of this exhaustive comparative study highlight the unique strengths of both Oreochromis niloticus fish 

scales and Achatina fulica snail shells as precursors for wastewater remediation. The Superiority of AFS in Chromium 

remediation. AFS, with its high content of organic collagen and successfully extracted chitosan, demonstrates a 

superior fit and rate for Cr(VI) removal. The presence of dense amine (NH2) and hydroxyl (OH) groups identified in 

the FTIR spectrum at 3357.00 cm⁻¹ provides the ideal platform for the electrostatic attraction of HCrO4- at low pH. 

The kinetic fit for Cr(VI) on AFS (R2 = 0.9999) is essentially perfect, establishing this material as a highly reliable 

candidate for the rapid sequestration of chromium in industrial settings. The Efficacy of ASS in Nickel Sequestration 

ASS, while exhibiting a complex and sometimes non-standard isotherm behavior, shows a profound effectiveness for 

Ni(II) cations. The ASS-Nickel system's Freundlich fit (R2 = 0.9896) indicates that the mineralized surface provides 

a diverse array of heterogeneous binding sites. The extremely high PSO rate constant (k2 = 7.2307) for Ni(II) on SS 

suggests that the chemical interactions occurring on the silicate-carbonate framework are even faster than those on 

the proteinaceous fish scale surface. However, the inability of standard models to accurately represent chromium 

adsorption on SS suggests that its use should be targeted toward cation remediation rather than anion removal 

(Ungureanu, et al., 2024) 
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Conclusion 

The comparative study of activated Achatina fulica snail shells and Oreochromis niloticus fish scales for the removal 

of hexavalent chromium and divalent nickel provides definitive insights into the potential of biological wastes for 

environmental remediation. FTIR and SEM characterization successfully confirmed the presence of metal-binding 

functional groups and a developed porous surface in both adsorbents. 

The batch adsorption experiments established that a contact time of 90 to 120 minutes is favored for maximum 

sequestration, allowing the systems to reach an equilibrium state. pH optimization revealed that Cr(VI) removal is 

maximized in acidic media (pH 2.0–3.0) due to electrostatic attraction, while Ni(II) removal is favored in near-neutral 

conditions (pH 5.0–8.0) through chelation.Isotherm analysis showed that the Freundlich model provides a superior fit 

for Ni(II) on both materials, reflecting heterogeneous site interactions. While AFS fits the Langmuir and Freundlich 

models for both metals, the ASS system exhibits non-standard behavior for chromium, suggesting a non-surface-

limited mechanism. Vivid kinetic analysis confirmed that the pseudo-second-order model is the definitive descriptor 

of the rate of removal, with R2 values approaching 0.999 for most systems, thereby establishing chemisorption as the 

primary binding mechanism. Thermodynamic parameters confirm that the process is spontaneous (DG° < 0), 

endothermic (DH°> 0), and characterized by an increase in randomness (DS° > 0) at the interface. Ultimately, both 

activated precursors serve as excellent foundations for low-cost bio-adsorbents. 
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