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 Chicken feather derived activated carbon (CFAC) was prepared via 

chemical activation using H₃PO₄ and evaluated for the removal of 

Rhodamine B (RhB) from aqueous solutions. The adsorbent was 

characterized using Fourier transform infrared spectroscopy (FTIR), 

scanning electron microscopy (SEM), and Brunauer–Emmett–Teller 

(BET) analysis. CFAC exhibited a specific surface area of 48.140 m²/g, 

a pore volume of 0.057 cm³/g, and an average pore diameter of 2.647 

nm. Batch adsorption experiments demonstrated efficient RhB 

removal, achieving an adsorption capacity of 99.28 mg/g and a removal 

efficiency of 98.42 % under optimal conditions (pH 6, contact time of 

180 min, and temperature of 30 °C). The solution pH was adjusted 

using 0.1 M HCl or 0.1 M NaOH, and the effect of pH was investigated 

over a range of 2–12. The influences of solution pH, adsorbent dosage, 

and contact time on adsorption performance were systematically 

examined. Kinetic studies revealed that the adsorption process 

followed pseudo-first-order and Elovich models, while equilibrium 

data were best described by the Langmuir and Temkin isotherm 

models. Physicochemical properties, including bulk density, moisture 

content, ash content, iodine value, and conductivity, were also 

determined. The results indicate that TCFs-Pa is an effective and 

environmentally sustainable adsorbent with significant potential for 

the treatment of dye-contaminated wastewater.  
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1.0 Introduction 

The removal of harmful dyes like Rhodamine B from aqueous solutions is crucial for environmental 

protection and human health [21]. Adsorption is a widely used method for dye removal due to its 

low-cost, design and operational flexibility and efficiency; and activated carbon is a popular 

adsorbent due to its high surface area and adsorption capacity [16]. However, the high cost and 

limited availability of commercial activated carbons have led to the search for alternative, sustainable 

adsorbents [23]. Chicken feathers, a waste biomass, have been explored as a potential precursor for 

activated carbon production [9]. The use of phosphoric acid as an activating agent has been shown 

to enhance the surface properties and adsorption capacity of chicken feather-based activated carbon 

(CFAC) [16]. 

Generally, activated carbons (ACs) are prepared either by physical or chemical activation method 

where the latter is preferred owing to the simplicity, lower temperature, shorter activation time, 

higher yield, and good development of the porous structure [5]. This study investigates the 

preparation and application of CFAC, using phosphoric acid as an activating agent, for the removal 

of Rhodamine B from aqueous solutions. The surface properties and adsorption capacity of CFAC 

are evaluated, and the effects of pH, contact time, and initial dye concentration on Rhodamine B 

removal are examined [10]. 

2.0 Materials and Method 

2.1 Adsorbent preparation 

Chicken Feather was sourced from Ollan Farm at upper Gaa -Akanbi in Ilorin, Kwara State, Nigeria. 

It was double-washed with distilled water to remove dust and organic matter, then sun-dried for 10 

hours. The Chicken Feathers was carbonized at 300°C for 30 minutes and dried in a desiccator. 

Thereafter, Phosphoric acid (H3PO4) treatment was done following the method reported by Zhang et 

al.,[28] with little modification: The 30 g carbonized material was soaked with 1.0 M 

Orthophosphoric acid in a beaker in mass ratio (Chicken Feathers to Phosphoric acid) of 1:2 and thus 

the activated carbon was achieved by filtration using Whatman Filter Paper No. 42 and washed with 

doubly deionized water to obtain neutral of pH 7. The activated carbon was thereafter dried in an 

oven at 105 oC for 2 hours. The resulting material, was then named TCFs-Pa, was stored in an airtight 

container for subsequent operations. 

2.2 Characterization of Chicken feather activated with H3PO4 (TCFs-Pa) 

Physico-chemical analysis of TCFs-Pa (Chicken feathers-derived activated carbon) was performed 

to its characteristic properties, including pH, bulk density, ash content, moisture content, iodine 

value, and conductivity. The results are presented in Table 1. Furthermore, advanced characterization 

techniques, namely Scanning Electron Microscopy/Energy-Dispersive X-ray Spectroscopy 

(SEM/EDX) and Fourier Transform Infrared spectroscopy (FTIR) and Brunauer–Emmett–Teller 

(BET), were employed to elucidate the surface morphology, elemental composition, and molecular 

structure of the activated carbon, providing a comprehensive understanding of its properties and 

potential applications [13]. 

2.3 Adsorption Experiment 

The maximum absorption peak of RhB when a known concentration of its solution was scanned 

between 200 and 1000 nm. Maximum adsorption was obtained at 554 nm therefore the residual 

concentration after absorption was determined at ƛmax. Correlation coefficient R2 greater than 0.9943 

shows the linearity of the calibration curve. UV/Visible Spectrophotometry was therefore adopted 

for the analysis of residual Rhodamine B in subsequent experiments. The adsorption of Rhodamine 

B (RhB) from aqueous solution onto chicken feathers activated with H3PO4 was investigated using 

batch experiments. Rhodamine B solutions with initial concentrations range of 1.0-10 mg L-1 were 

prepared and equilibrated with 0.1 g of TCFs-Pa in 250 mL conical flasks, then agitated at 150 rpm 

for 30-240 min at 30-70°C. The filtrate was analyzed by UV/Visible Spectrophotometer (Jenway 

7300 spectrophotometer) [2], to determine the adsorption capacity. The quantity of RhB adsorbed 
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(qe) was calculated by equation (i) and the percentage removal was calculated using equation (ii), 

where Co and Ce are the initial and final concentrations, m is the adsorbent dosage, and V is the 

volume of solution (mL) [24]. 

qe = (
Co−Ce

m
) V          (i) 

Removal (%) = (
𝐶𝑜−𝐶𝑒

𝐶𝑜
) 𝑋100        (ii) 

3.0 Results and Discussion 

The results presented in Table 1 provide a comprehensive overview of the physical and chemical 

properties of TCFs-Pa, including its pH, bulk density, ash content, moisture content, iodine number, 

and conductivity, which are essential for evaluating its suitability for various industrial applications. 

The discrepancy observed between the original and revised iodine values may be attributed to 

variations in experimental conditions, including differences in titration methodology and endpoint 

determination, sample preparation procedures such as drying conditions and particle sized istribution. 

The iodine number (mg g⁻¹) is widely used as an indirect indicator of micropore volume and 

microporous surface area in activated carbons. The relatively low BET surface area of CFAC (48.140 

m² g⁻¹) is consistent with a moderate iodine value, suggesting limited development of microporosity. 

In contrast, activated carbons with well-developed microporous structures and higher BET surface 

areas are generally exhibit higher iodine numbers 

Table 1 Proximate analysis of TCFs-Pa 

Parameter Value 

pH 7.9 

Bulk Density (g/cm3) 0.99 

Moisture Content (%) 0.4 

Ash Content (%) 3.0 

Iodine Number (mg/g) ≈ 550 

Conductivity (µSm) 0.31 

3.1 FTIR SPECTRA of TCFs-PA before and after adsorption of Rhodamine B 

The FTIR spectra of TCFs-PA before and after adsorption reveal significant changes, indicating 

successful adsorption figure 1. Key shifts include: O-H stretching (3429.778-3275.983cm-1, minimal 

shift), C-H stretching (2938.501-2929.823 cm-1), C=C stretching (1657.035-1651.732 cm-1,), and 

C=C bending (1489.1482.509cm-1). The shifts suggest alterations in alkyl group conformations, 

carbonyl group bonding, and aromatic ring conformations, while O-H and C-O stretching vibrations 

remain relatively unaffected. These changes provide valuable insights into the adsorption mechanism 

and molecular interactions between TCFs-PA and rhodamine B, indicating a complex adsorption 

process involving multiple functional groups. 
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Fig. 1: The FTIR spectrum of TCFS-PA after adsorption of Rhodamine B 
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3.2 SEM/EDX Analysis for TCFs-Pa 

The SEM/EDX analysis of TCFs-PA (Figure 2) confirmed the successful preparation of CFs-AC 

nanocomposite, revealing a major elemental composition of Oxygen (20.40%), Carbon (56.15%), 

Silicon (15.60%), Iron (3.42%), Potassium (1.21%), and Aluminum (3.22%). The presence of Si and 

Al detected in the BET/elemental analysis of chicken feather activated carbon (CFAC) has direct 

implications for Rhodamine B (RhB) adsorption. These elements may originate from the chemical 

activation process (e.g., H₃PO₄, reagents, or glassware) or be inherently present in the feather 

precursor as trace biological elements. Rhodamine B is a cationic dye, and the incorporation of Si- 

and Al-containing species introduces hydroxylated surface groups (Si–OH and Al–OH) that can 

deprotonate at pH values above the point of zero charge (pHpzc), generating negatively charged sites 

that enhance RhB uptake through electrostatic attraction. Additional adsorption contributions arise 

from hydrogen bonding between surface hydroxyl groups and RhB functional moieties, as well as π–

π interactions between the aromatic structure of RhB and the carbonaceous framework of CFAC. 

However, excessive inorganic content may partially block pores or reduce available carbon active 

sites, potentially influencing adsorption capacity. The predominance of monolayer adsorption 

suggested by the Langmuir isotherm indicates that surface functional groups, rather than multilayer 

physical adsorption, play a dominant role in RhB uptake. Since the pHpzc of CFAC was not 

measured, the precise contribution of surface charge controlled electrostatic interactions cannot be 

conclusively established, representing a limitation of this study [11,15, 26].  

 

Fig. 2: SEM/EDX image of TCFs-PA before adsorption onto RhB 

3.3 Effect of Initial Concentration of TCFs-Pa onto RhB 

The adsorption capacity of TCFs-Pa for RhB dye decreased significantly from 98.8 mg/g to 91.7 

mg/g as the initial concentration increased from 1 to 10 mg L -1, aligning with previous reports of 

adsorbent surface saturation and reduced removal effectiveness at higher dye concentrations [8;18]. 

This decrease is primarily attributed to two factors: the increased number of RhB molecules 

competing for the limited adsorption sites on the TCFs-Pa surface, and the reduced diffusion rates of 

dye molecules from the bulk solution to the adsorbent surface [28]. This phenomenon is further 

supported by [23], highlighting the critical importance of optimizing initial dye concentrations to 

achieve efficient adsorption. Effective adsorption is contingent upon striking a balance between dye 

concentration and adsorbent capacity. 
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Fig 3 (a): Effect of Initial Concentration of TCFs-Pa onto RhB 

3.4 Effect of Contact Time 

The effect of contact time on Rhodamine B adsorption onto TCFs-Pa was examined, showing 

increased adsorption capacity up to 240 minutes, where equilibrium was established (Fig. 3b). 

Adsorption capacity rose slightly and gradually from 30 to 240 minutes, reaching 98.63 mg/g, 

due to available adsorption sites and facilitated electrostatic interactions. However, further 

increases beyond 240 minutes resulted in decreased adsorption capacity, indicating site 

saturation and reduced efficiency [12], highlighting the need for optimized contact time to 

achieve maximum adsorption capacity. 

 

Fig. 3b: Effect of Contact Time on the adsorption of RhB onto TCFs-Pa 

3.5 Effect of pH of TCFs-Pa onto RhB 

The pH of the solution greatly influences adsorption process it determines the surface charge of the 

adsorbent and the state of adsorbate in solution. pH effects on the uptake of RhB onto TCFs-Pa were 

investigated and the highest adsorbed capacity uptake obtained at pH 6 was 99.3 mg/g. adsorbent 

dose (0.1 g/L), agitation speed (150 rpm), temperature (30 ºC) and agitation time (180 mins)] 

 

 

 

 

 

 

 

Fig. 3c: Effect of pH on the adsorption of RhB onto TCFs-Pa 

3.6 Effect of Temperature of TCFs-Pa onto RhB 
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Figure 3d shows RhB adsorption onto TCFs-Pa peaked at 99.24 mg/g at 30°C, then decreased 

gradually to 96.51 mg/g at 70°C. Initially, elevated temperatures enhanced adsorption by 

reducing viscous forces, accelerating diffusion, and boosting kinetic energy [19]. However, 

beyond 30°C, increased thermal energy disrupted adsorbent-adsorbate interactions and 

enhanced molecular motion, potentially causing desorption and decreased adsorption capacity. 

 

Fig. 3d: Effect of Temperature on the adsorption of RhB onto TCFs-Pa 

3.7 Effect of Adsorbent Dosage onto TCFs-Pa 

It could be observed that increase in adsorbent dosage resulted to decrease in adsorption capacity. 

This could be attributed to the aggregation or overlapping of the various adsorption sites thereby 

causing a decrease in total surface area and subsequently lower the adsorption capacity. A similar 

observation has been reported in literature by Shirvanimoghaddam et al., [20]. The maximum 

adsorption capacity achieved was 99.1 mg/g using optimum adsorbent dosage of 0.3 g.  

 

Fig. 3e: Effect of Adsorption Dosage on the adsorption of RhB onto TCFs-Pa [(Agitation 

speed (150 rpm), contact time (120 mins), temperature (30±01 ºC), adsorbate concentration 

(10 mg/l)]. 

3.8 Adsorption Kinetic Studies 

The results of adsorption kinetics of RhB onto TCFs-Pa are presented in Table 2. The pseudo-second-

order model best fit the kinetic data, indicating chemisorption as the rate-controlling step. Notably, 

the initial adsorption rate increased with initial adsorbate concentration, suggesting enhanced mass 

transfer driving forces and increased dye molecule diffusion towards the adsorbent surface. This 

phenomenon aligns with previous research [12; 22], highlighting the importance of concentration-

dependent mass transfer in facilitating rapid adsorption. The pseudo-second-order model's suitability 

confirms that RhB uptake onto TCFs-Pa is governed by chemisorptive interactions, providing 

valuable insights into the adsorption mechanism [1]. 
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Fig. 4: Kinetic models for adsorption of RhB onto TCFs-PA 

Table 2: Kinetic models for adsorption of RhB onto TCFs-PA 

3.9 Isothermal studies 

The adsorption data were analyzed using various isotherm models under controlled conditions of 

initial RhB concentration (Co) = 100 mg L-1, adsorbent dose (W) = 0.3 g, temperature = 30 °C, 

contact time = 180 min, and agitation speed = 150 rpm. The adsorption isotherm describes the 

equilibrium relationship between the amount of substance adsorbed and its concentration in the bulk 

fluid phase at a constant temperature. This fundamental relationship is essential for distinguishing 

between different temperature-dependent adsorbents-adsorbates interaction and selecting the most 

suitable ones for specific applications [6;7]. To accurately describe the experimental data, several 

isotherm models were examined, including two-parameter models (Freundlich, Langmuir, and 

Temkin) and three-parameter models (Dubinin-Radushkevitch, D-R). Notably, the Langmuir and 

Temkin models demonstrated exceptional fit to the adsorption isotherm, with correlation coefficients 

(R2) of 0.9994 and 0.9833, respectively. These high R2 values indicate that the Langmuir and Temkin 

models accurately describe the adsorption behavior of RhB onto TCFs-Pa, suggesting a 

homogeneous monolayer adsorption process. The fitted parameters for each model are presented in 

Table 3, providing a comprehensive understanding of the adsorption mechanism.  

Negative Langmuir constant (n): This may indicate poor model fitting or an inappropriate data 

range. Normally, the Freundlich constant n should be greater than 1, indicating favourable adsorption 

[4]. 

Extremely high values of Kf (Freundlich) or AT (Temkin): These may result from: Poor fit of the 

model to the experimental data and Parameter correlation or overfitting. 

Isotherms Parameters Values 

Pseudo-first order K1(min-1) 

Qe, cal (g/g) 

R2 

-108162 

1.0 x E-9216 

1 

Pseudo-second order K2(min-1) 

Qe, cal (g/g) 

  R2 

-4212.3238 

0.009938 

0.0969 

Elovich α  

  β   

R2 

0 

-109.8901099 

0.7633 
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Fig. 5: Adsorption Isotherms for adsorption of RhB onto TCFs-Pa 

Table 3: Freundlich, Langmuir, Temkin and D-R Isotherms data 

Isotherms Parameters Values 

Freundlich 

n 

Kf (mol/g) 

R2 

-0.02704 

4.797x1073 

0.7013 

Langmuir 

Qm (mg/g) 

KL (L/mg) 

R2 

10.93 

800.4 

0.9994 

Temkin 

B 

AT 

R2 

-1.0387 

1.35x1043 

0.9833 

D-R 

ΒD (mol2kL-2) 

Qm (mg/g) 

E (kJ/mol) 

R2 

2x10-9 

95.51 

15811 

0.3454 

The thermodynamic parameters for RhB adsorption onto TCFs-Pa, presented in Table 4, revealed the 

negative ΔH value confirms the exothermic nature of the process, while the positive ΔS value 

suggests an increase in disorder or randomness at the solid-solution interface during adsorption. 

These findings are consistent with previous studies [3;17], validating the thermodynamic results and 

emphasizing the significance of temperature-dependent adsorption behavior in understanding the 

adsorption mechanism [27].  
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A negative enthalpy change (ΔH < 0) indicates an exothermic process, suggesting that the adsorption 

of RhB onto CFAC is accompanied by the release of heat. A positive Gibbs energy change (ΔG > 0) 

implies that the adsorption process is non-spontaneous under the given conditions.  A positive 

entropy change (ΔS > 0) indicates an increase in disorder or randomness, potentially due to the 

displacement of solvent molecules or increased freedom of the adsorbate. 

The apparent contradiction between physisorption and chemisorption can be resolved by recognizing 

that adsorption on CFAC does not occur through a single mechanism. Although the low BET surface 

area and limited microporosity suggest that physisorption is not the dominant process, weak physical 

interactions may still contribute to the initial uptake of adsorbate molecules. However, the observed 

kinetic and isotherm behavior indicates the involvement of stronger interactions, implying a 

significant contribution from chemisorption. This is likely due to the presence of surface functional 

groups on CFAC, which promote specific interactions such as electrostatic attraction or π–π 

interactions. Consequently, the adsorption process is best described as a combined mechanism, in 

which initial physisorption is followed by chemisorption at active surface sites, thereby resolving the 

apparent inconsistency between the two interpretations 

Furthermore, the Van't Hoff plot, illustrated in Fig. 6, provides additional insight into the 

thermodynamic properties of the adsorption process. 

 

Fig 6: Van’t Hoff plot for adsorption of RhB onto TCFs-Pa 

 

Table 4: The thermodynamics parameters (∆H, ∆S, and ∆G) evaluated from the van’t Hoff plot 

T (K) ∆G (KJ/mol) ∆H (KJ/mol) ∆S (J/mol/K) 

303 0.070 -0.0913 0.236 

4.0 Conclusion 

This study demonstrates that chicken feather–derived activated carbon (CFAC) is a highly effective 

adsorbent for the removal of Rhodamine B (RhB) from aqueous solutions. The TCFs-PA was 

characterized using Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy 

(SEM), and Brunauer–Emmett–Teller (BET) analysis. BET Analysis was employed to determines 

surface area & porosity on the adsorbent surface. The adsorbent exhibited a surface area of 48.140 

m²/g, a pore volume of 0.057 cm³/g, and an average pore size of 2.647 nm. 

Physicochemical properties of TCFs-PA CFAC, including bulk density (0.99 g/cm³), moisture 

content (0.4%), ash content (3.0%), iodine value (≈ 550 mg/g), and electrical conductivity (0.31 

µS/cm), were also determined at pH 7.9 which proved that, it is an alkaline adsorbent and a 

temperature of 25.9 °C. The observed agreement between the iodine number and BET surface area 

supports the conclusion that CFAC is characterized by a low proportion of micropores, which may 
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influence its adsorption performance (minimal shift), C-H stretching C=C stretching and C=C 

bending (1489.1482.509cm-1). 

FTIR analysis was employed to identify the functional groups present on the adsorbent surface. The 

FTIR spectra of activated carbon samples TCFs-PA the composite, and Rhodamine B–adsorbed 

carbon is presented in Figures 1. The TCFs-PA spectrum displayed characteristic peaks at 3429.778 

- 3275.983 cm-1, the broad peak at 3429.778 - 3275.983 cm⁻¹ indicates the presence of free and 

hydrogen-bonded hydroxyl (–OH) groups on the adsorbent surface, 2938.501-2929.823 cm-1, 

correspond to conjugated carbonyl (C=O) groups, aromatic C–C bonds, C–N peptide bonds, and S–

O interactions, respectively.  and 1489.741 -1482.509cm-1, The band  Peaks at 1657.035-1651.732 

cm-1, further suggests the presence of COO⁻ and C=C groups, while the peak at 1021.1253 cm⁻¹ is 

associated with amine functional groups and N–H bending vibrations of primary amines (–NH₂). The 

band around 617.30 cm⁻¹ represents fingerprint vibrations within the composite structure. 

A noticeable reduction in peak intensities after RhB adsorption (Figure 1) confirms effective dye 

uptake by the composite adsorbent. The active functional groups on the TCFs-PA surface facilitated 

strong interactions with the dye molecules, thereby enhancing the adsorption process. UV–Vis 

spectrophotometric analysis showed that RhB exhibited a maximum absorption wavelength (λmax) 

at 554 nm when scanned between 200 and 1000 nm, and residual dye concentrations were determined 

at this wavelength. Correlation coefficient R2 greater than 0.99 shows the linearity of the calibration 

curve. UV/Visible Spectrophotometry was therefore adopted for the analysis of residual Rhodamine 

B in subsequent experiments. 

The maximum adsorption capacity of TCFs-PA was achieved at a dosage of 0.1 g, with a qe value 

of 98.28 mg/g, pH 6, temperature 30°C in contact time 180 mins., indicating that CFAC is highly 

effective even at low adsorbent dosages. CFAC achieved a removal efficiency of 98.48% with an 

adsorption capacity of the adsorption data fitted well with the Langmuir R2 = 0.9994 and Temkin R2 

= 0.9833 isotherm models and followed pseudo-second-order R2 = 1 and elovich kinetics, R2 = 0.7633 

confirming monolayer adsorption and chemisorption as the dominant mechanism. 

Desorption–adsorption studies using 1.0 M HCl demonstrated good reusability of TCFs-PA, with 

acceptable performance over three consecutive cycles and an overall capacity loss of approximately 

27%. Iodine Number was to determines adsorption capacity (mg/g). This combination of 

thermodynamic parameters suggests that while the adsorption process releases heat, the overall 

spontaneity is influenced by the entropy and temperature, as described by the equation ΔG = ΔH - 

TΔS, where the entropic contribution (TΔS) may dominate the enthalpic contribution, leading to a 

positive ΔG.     

The adsorption of Rhodamine B (RhB) onto Chemically Functionalized Activated Carbon (CFAC) 

was investigated, revealing insights into its thermodynamic characteristics. The positive Gibbs 

energy change (ΔG > 0) indicates the process is non-spontaneous under the studied conditions. A 

negative enthalpy change (ΔH < 0) suggests the adsorption is exothermic, while a positive entropy 

change (ΔS > 0) points to increased system randomness, likely due to solvent displacement. These 

findings imply that CFAC's adsorption of RhB involves heat release but is influenced by entropic 

factors, as per ΔG = ΔH - TΔS, where the TΔS term likely drives the non-spontaneity. This study 

highlights CFAC's potential for RhB removal, warranting further exploration of operational 

parameters for enhanced efficacy. 

Overall, TCFs-PA derived from poultry waste represents a low-cost, eco-friendly, and sustainable 

adsorbent for the treatment of dye-contaminated wastewater. This waste to resource approach 

provides a viable strategy for poultry waste management while addressing water pollution challenges. 

Future studies should focus on large-scale production, and performance evaluation in real industrial 

wastewater systems to further validate its practical applicability. 
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