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Abstract 
 

The eco-friendly biosorbent derived from Musa paradisiacal (MPB) was assessed for its capacity to adsorb Rhodamine B (RhB) from aqueous 
media. To achieve this, the influence of key operational parameters-including biosorbent mass, contact time, initial dye concentration, and 
solution pH-was systematically investigated.Adsorption was carried out in batch tests. After adsorption the supernatant was analysed by UV-Vis 
spectrophotometry to determine the residual concentration of the RhB solution.Adsorption modeling was done with the surface reaction kinetic 
model and Langmuir and Freundlich equilibrium models. The obtained results showed that MPB has a pHZPC of 5.51, a specific surface area of 
292.52 m2 g-1 and a maximum observed capacity (Qmo) of 90.00 mg g-1. The results demonstrated that the adsorption capacity of MPB increases 
with time and initial dye concentration, confirming a time-dependent uptake mechanism. Interestingly, the adsorption was only slightly 
influenced by pH, suggesting that electrostatic interactions are not the dominant driving force, and that other mechanisms such as hydrophobic 
interactions or specific binding sites may be involved. The optimal operating pH was determined to be 5.50, with a maximum adsorption 
capacity (Qm) of 4.97 mg/g and a peak adsorption percentage of 79.48%.Kinetic modeling revealed that the pseudo-second-order model (Rg² = 
0.9002) provided a better fit than the pseudo-first-order model (Rg² = 0.8975), indicating that chemisorption likely governs the adsorption 
process. Equilibrium data were best described by the Freundlich isotherm (Rg² = 0.9384), compared to the Langmuir model (Rg² = 0.9049), 
suggesting heterogeneous surface adsorption and the possibility of multilayer coverage. Overall, MPB proved to be an effective and stable 
biosorbent for Rhodamine B removal under varied conditions. Its compatibility with the pseudo-second-order kinetic model and Freundlich 
isotherm reinforces its potential for practical applications in wastewater treatment. 
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INTRODUCTION 

 
Organic dyes are widely used in different industries for dyeing 
paper, textiles and other objects. In most cases industrial 
wastewater is discharged into the environment without prior 
treatment. Thus nearly 15 to 25% of organic dyes are found in 
wastewater, polluting, by vertical or horizontal migration, 
groundwater, aquifers and surface water (Narayana et al., 
2019; Basma et al., 2024; Kifuani et al., 2024). They are likely 
to cause poisoning, cancer and respiratory pain in humans. 
Rhodamine B (RhB) is a synthetic xanthene dye used in 
scientific and industrial applications, such as printing and 
dyeing in paper, paints, inks, textiles, leathers, etc. It serves as 
a fluorescent tracer in biochemical assays, flow cytometry, and 
microscopy due to its strong fluorescence. Despite regulatory 
restrictions, Rhodamine B has also been found in some 
cosmetic and food products, particularly in regions where 
oversight is limited. Rhodamine B dye can cause serious 
environmental and sanitary problems, like irritation of skin, 
eyes and respiratory tract. The carcinogenicity, reproductive 
and developmental toxicity, neurotoxicity and chronic toxicity 
towards humans and animals have been experimentally proven 
(Jain et al., 2007; Cladelaud et al., 2023; Nyakairu et al., 
2024).  
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Rhodamine B is chemically stable and resistant to 
biodegradation, allowing it to persist in aquatic environments 
when discharged through industrial effluents. It poses risks to 
aquatic life due to its toxicity and potential to bioaccumulate. 
Its presence in water bodies not only threatens ecosystems but 
also complicates water treatment processes, making its 
removal a priority in environmental management. The removal 
of Rhodamine B and other organic dyes or inorganic pollutants 
from wastewater is therefore necessary. Several methods and 
techniques are used for the removal of Rhodamine B or other 
organic dyes from wastewater. These biological, chemical, or 
physical methods include the following techniques: adsorption, 
advanced oxidation, chemical and electrochemical oxidation, 
coagulation, flocculation, Fenton electron process, microbial 
and fungal decolorization, photocatalysis, nanofiltration, 
ozonation, reverse osmosis (Achouri et al., 2018; Hatiya et al., 
2022; Gani et al., 2023). Of all these techniques, adsorption 
has proven to be a very effective technique. Activated carbon 
is the most widely adsorbent used for water treatment. But for 
the treatment of wastewater, its high production cost and its 
difficult regeneration make its use expensive (Jan et al., 2022; 
Hajir et al., 2024).For several years, biomass from agricultural 
waste has been tested as biosorbents for the elimination of 
organic dyes from water. These wastes include apricot stones, 
banana pith, coconut coir dust, cotton stalk, hazelnut shell, 
coffee residue, coir pith stone, green pea peels, groundnut 
shells, mango leaves, mango seed kernel, oil palm shell, 
orange peel, peach stones, sugarcane bagasse, sunflower stalks, 
yellow passion fruit waste, Curcumeropsis manni shells, 



Manihot esculenta kernels (Kifuani et al.,2 018a; Jia et al., 
2018; Ali et al,, 2021; Razia et al. , 2022;Ajala et al., 2024; 
Tshene et al., 2024; Mateso et al, 2025). These materials 
contain organic substances such us polyphenols, lignin, 
tannins, flavonoids, cellulose, starch, proteins, which provide 
active surface functions, such as carboxylic acid, ketone, 
aldehyde, phenol, lactone, pyrone, responsible for the 
adsorption of organic dyes or other pollutants on their surface 
(Razia et al., 2022; Kifuani et al., 2024). In this study the 
biosorbent from Musa paradisiaca (plantains banana) peels 
was used to eliminate Rhodamine B from systematically 
polluted water. Several adsorption parameters were studied 
including dose of adsorbent, contact time, initial concentration 
and pH of Rhodamine B solution. 
 
MATERIALS AND METHODS 
 
Biosorbent preparation 
 
The biosorbent used was prepared using plantain peelings 
collected in Mbanza Ngungu, in Kongo Central province, in 
the Democratic Republic of Congo. The biomass was first 
dried in the sun and then in an oven at 105°C (DESPATCH 
Oven Co., type Elect) to eliminate of the water content. It was 
then crushed and sifted to obtain powder with particle size ≤ 
500 um. The Musa paradisiaca biosorbent (MPB) thus 
obtained was stored in airtight packaging and placed in a 
desiccator at laboratory temperature (28°C), to keep it free 
from moisture contact and oxidation (Kifuani et al., 2018a). 
 
Adsorbent characterization 
 
Physicochemical parameters of the biosorbent (MPB) were 
determined including grain diameter, humidity, dry matter, ash 
content, pH of zero point of charge, specific surface area and 
maximum observed capacity. 
 
Grain diameter 
 
The diameter of the grains was determined by sifting using a 
sieve. 
 
Humidity and dry matter 
 
Volatilization gravimetry method was used to determine 
humidity (H) and dry matter (DM). For this purpose, 5 g of 
biosorbent were heated in an oven for 48 hours, after that the 
residual was waited. The humidity level (%H)of the biosorbent 
is then given by equation 1(Ajala et al., 2024). 
 

%H = 
 

1

2 1

m

100  .   m  - m 
                                                   [1] 

 
Where, m1 and m2, the weights of biosorbent before and after 
steaming, respectively. 
 
The dry matter level (%DM) is calculated after deduction of 
the water content from 100% of the initial sample. 
 
Ash content 
 
Ash content of the biosorbent was determined by calcination 5 
g of sample in a muffle furnace at 600⸰C (NABER, model 

N7 H) for 8 hours to obtain the ash. The ash content (%A) was 
calculated using the following equation 2 (Basma et al., 2024). 
 

%A = 
 

3

43

m

100  .   m  - m 
                                                    [2] 

 
Where, m3 and m4 being the weights of biosorbent before and 
after calcination, respectively. 
 
Determination of pHZPC 

 

The pHZPC (pH of zero point of charge) was determined by 
Boehm method or pH drift method. For this purpose, 100 mL 
of 0.01 mol L-1 NaCl solutions are placed in different 
Adsorbers (LACOPE ADX), and the pH of these solutions is 
adjusted from 2 to 12, by addition of 0.1 N HCl or 0.1 N 
NaOH solutions, to adjust the acidic or basic solutions, 
respectively. 1000 mg of biosorbent were then added to each 
solution and the suspension was stirred for 72 h, and 
centrifuged at 3000 rpm (Centrifuge Labofuge 200 Heraeus). 
The final pH of each solution was determined using a pH-
meter (Hanna Instruments). The point of intersection of the 
curve obtained by plotting the final pH as a function of the 
initial pH of each solution determines the pHZPC (Kifuani et al., 
2012; Musah et al., 2020). 
 
Determination of the maximum observed capacity (Qmo) 
and specific surface area (SMB) 
 
The specific surface area of the biosorbent was determined by 
adsorption of methylene blue using the Kifuani volume 
variation method (KVVM). This method consists of studying 
adsorption of methylene blue, at equilibrium time, using a low 
mass of adsorbent. For this purpose, to 5 mg of adsorbent, 
increasing volumes (100 mL to 1000 mL) of the MB solution 
50 mg/L are added. The suspension is stirred at the equilibrium 
time previously determined experimentally.  The determination 
of the residual concentration of the supernatant by UV-
spectrophotometry makes it possible to calculate the maximum 
adsorption capacity (Qm) and the maximum adsorption 
capacity (%mAds), using equations 3 to 5. The curve obtained 
by plotting the maximum adsorption capacity (Qm) as a 
function of the volume (V) of the MB solution, makes it 
possible to determine the true maximum adsorption capacity, 
which we call maximum observed adsorption capacity (Qmo); 
the others being apparent maximum capacities (Qm). The 
maximum observed adsorption capacity is given by the plateau 
of this curve (Kifuani et al., 2012; Kifuani, 2013; Kifuani et 
al., 2018a). 
 
A = ɛ.l.C                                                                                  [3] 
 
With, A being the absorbance, ɛ the molar absorption 
coefficient (L mg-1 cm-1), l the thickness of the cell (1 cm) and 
C, the concentration of the solute (mg L-1). 
 

Qm=   
 

B

eo

m

V C  - C
                                                               [4] 

 

% mAds = 100 x 
C

C  - C

o

eo
             [5] 
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Adsorption isotherms 
 
The modeling of the adsorption equilibrium was done using 
the Langmuir and Freundlich models given by the following 
equations 11, 12 and 13 (Mekhalef et al., 2018; Gani et al., 
2023): 
 
Langmuir model: 
 

eLmme C

1
  . 

K Q

1
    

Q

1
     

Q

 1
                         [11] 

 
Where, Qe is the apparent adsorption capacity of the biosorbent 
(mg g-1), Qm the adsorption capacity at saturation or maximum 
adsorption capacity (mg g-1), KL equilibrium constant 
adsorption (L mg-1) and Ce, equilibrium concentration. The 
plot of 1/Qe versus 1/Ce gives a line which allows to determine 
Qm and KL, from the intercept and slope, respectively. 
 
The Langmuir separation parameter (RL) was calculated using 
equation 12 (Hajir et al., 2024): 
 

RL = 
oL C K  1

1  


   [12] 

 
With, KL being the Langmuir constant (L mg-1) and Co the 
initial dye concentration. 
 
Freundlich model: 
 

log Qe = log KF + 
n

1
 log Ce                        [13] 

 
Where, Qe the adsorption capacity at equilibrium (mg g-1), KF 
the adsorption constant (Freundlich constant), Ce the 
concentration of the adsorbate at equilibrium (mg L-1) and n, 
the Freundlich constant, characterizing the affinity of solute for 
the adsorbent (affinity parameter). The plot of log Qe versus 
log Ce gives a line which allows to determine KF and 1/n from 
the intercept and slope, respectively. 
 
RESULTS 
 
Characteristics of the biosorbent MPB 
 
Table 1 presents the physicochemical characteristics of 
MPBbiosorbent. The maximum observed adsorption capacity 
(Qmo) is 90.00 mg/g, with a specific surface area of 296.52m2 
g-1(calculated with Qmo, using methylene blue as adsorbate). 
The biosorbent is weakly acidic with pHZPC of 5.51. 
 

Table 1. Physicochemical parameters of MPB 
 

Parameters Values  

Humidity (%H) 5.38  
Ash (%C) 4.40  
Dry matter (%) 94,62  
Particle size (µm) ≤ 0.50  
pHZPC 5.51  
Qmo (mg. g-1) 90.00  
Specific area, SBM (m2.g-1) 296.52  

 
 

Effect of biosorbent amount 
 
Table 2, Figures 2 and 3 give theeffect of the amount of MP 
biosorbent on adsorption of RhB. The results obtained show 
that the maximum adsorption capacity of MPB decrease from 
41.60mg/g to 3.79mg/g, when the amount of the biosorbent 
increases from 50 g to 1000 g (Table 2, Figure 2). In the other 
hand, the maximum adsorption capacity increases from 
41.60% to 75.78%, when the mass of the biosorbent increase 
(Table 2, Figure 3).  800 mg of MPB were evaluated as the 
optimal adsorption weight of the adsorbent, with a %mAds of 
75.35% and Qm of 4.71 mg/g, after 210 min. After this amount 
of biosorbent, the maximum adsorption capacity and the 
maximum adsorption percentage tend towards constants. 
 

Table 2. Maximum adsorption capacity (Qm), maximum 
percentage of adsorption (%mAds) and equilibrium time (te) at 

different weights of biosorbent (mMPB) 
 

mBA(mg) Qm (mg. g-1) %mAds te (min)  

50 41.6 41.6 240  
100 22.32 44.65 240  
200 13.97 55.89 240  
400 7.66 61.3 210  
600 6.01 72.11 210  
800 4.71 75.35 210  
1000 3.79 75.78 190  

 

 
 

Figure 2. Maximum adsorption capacity (Qm) vs dose of 
biosorbent (mBA) 

 

 
 

Figure 3. Maximum percentage of adsorption (%mAds)vs dose of 
biosorbent (mBA) 
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Figure 10. Effect of initial concentration (Ci) on themaximum 
adsorption capaciy (Qm Ads) of MPB 

 

 
 

Figure 11. Effect of initial concentration (Ci) on the maximum 
adsorption percentage (%m Ads) of MPB 

 
Effect of pH 
 
The effect of pH of the solution on the adsorption of 
Rhodamine B dye onto MPB biosorbent is given by Table 3 
and Figure 12. From these results it appeared that the 
maximum adsorption capacity and maximum adsorption 
percent decrease slightly when the pH of the solution 
increases. The optimum maximum adsorption capacity and 
maximum adsorption percentage are evaluated at4.96 mg/g and 
79.35%, at pH 8.00, after 210 minutes. A reduction of 0.94% is 
observed in the maximum adsorption percentage, when pH 
increases from 2 to 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Maximum adsorption capacity (Qm), maximum 
percentage of adsorption (% Ads) and equilibrium time (te) at 

different pH 
 

pH Qmo (mg/g) %Ads. te 

2.00 5.00 79.95 210 
4.00 4.98 79.67 210 
5.50 4.97 79.48 210 
8.00 4.96 79.35 210 
10.00 4.96 79.31 210 
12.00 4.95 79.20 210 

 

 
 

Figure 12. Effect of pH of RhB solution on maximum adsorption 
capacity (Qm) of MPB 

Modeling of adsorption kinetics 
 
Kinetic data were analyzed using pseudo-first-order and 
pseudo-second-order models. The correlation coefficients 
(R2g) obtained were 0.8975 and 0.9002, respectively (Table 4). 
 
Modeling of adsorption isotherms 
 
The adsorption isotherms of the adsorption of Rhodamine on 
MPB were modeled according to the two-parameters 
equilibrium models of Langmuir and Freundlich. The results 
obtained are summarized in table 5. The table gives the 
specific parameters of each model including Langmuir 
parameters (Qm, KL and RL) and Freundlich parameters (KF and 
1/n).The overall correlation coefficients (R2

g) of Langmuir and 
Freundlich models are respectively 0,9049 and 0,9385. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Pseudo-first order and pseudo-second order parameters for adsorption of RhB onto MPB at different pH 
 

 Parameters of pseudo-first- order Parameters of pseudo-second- order 

pH k1 (min-1) R2 k2 (g.mg-1min-1) R2 
2.02 0.0089 0.9342 0.0122 0.8456 
4.02 0.0076 0.9374 0.0088 0.8969 
6,61 0.0148 0.8458 0.0254 0.9453 
8.08 0.0124 0.9156 0.0274 0.8279 
10.02 0.0119 0.8824 0.0122 0.9634 
12.02 0.0082 0.8695 0.0078 0.9218 
R2

g 0.8975  0.9002 

 
Table 5. Langmuir and Freundlich parameters for the adsorption of RhB onto MPB at different pH 

 
pH Qm(mg/g) Langmuir parameters Freundlich parameters 

KL (L mg-1) RL R2 Kf  (mg g-1) (mg L-1)-1/n 1/n R2 

2.00 5.00 0.0744 0.2119 0.9379 0.8775 0.8774 0.9616 
4.00 4.98 0.3428 0.0551 0.8779 1.1609 1.1608 0,8956 
5.50 4.97 0.5869 0.0329 0.9559 1.6128 1.6127 0.9343 
8.00 4.96 0.0272 0.4240 0.9110 1.5779 1.5779 0.9590 
10.00 4.96 0.0356 0.3595 0.8019 0.5567 0.5567 0.9192 
12.00 4.95 0.0014 0.9367 0.9445 0.7665 0.7665 0.9614 
R2

g 0.3367 0.9049 1.0920 0.9385 
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DISCUSSION 
 
The maximum observed adsorption capacity (Qmo) of MPB 
with a value of 90.00 mg g-1 (Table 1) is very high compared 
to that reported by Senol et al. (2024), with 14.70 mg g-1 for 
the adsorption of Rhodamine B dye by using a biosorbent from 
agricultural solid waste (almond shell).The surface of the 
biosorbent MPB is neutral at pH 5.51, which is thepHZPC; then, 
the surface of the biosorbent is positive at pH <pHZPC, and 
negative at pH>pHZPC. The decrease in maximum adsorption 
capacity of MPB with increasing biosorbent mass is due to the 
biosorbent mass effect, resulting from steric hindrance (Table 
2 and Figure 2). This phenomenon makes some active sites of 
the biosorbent inaccessible, but taken into account in the 
calculation of the adsorption capacity (Kifuani et al., 2018a). 
The observed increase in adsorption efficiency with rising 
biosorbent mass can be attributed to the enhanced availability 
of active surface sites, which facilitates greater interaction 
between the adsorbent and the target molecules(Table 2 and 
Figure 3).Similar results have also been reported by other 
researchers, confirming the positive correlation between 
biosorbent dosage and adsorption efficiency (Gani et al., 
2023). 
 
The progressive enhancement of both adsorption capacity and 
efficiency with time can be explained by the initial abundance 
of free active sites on the biosorbent surface. As the adsorption 
process proceeds, these sites become increasingly occupied, 
leading to a gradual saturation and a slower rate of 
adsorption.This explains the three phases of the curves 
(Figures 4 to 9). The horizontal part of the curve shows a total 
saturation of adsorption sites, and indicates that the maximum 
apparent adsorption capacity is reached (Kifuani et al., 
2018a;Nigist et al.,2022; Gani et al., 2023; Ajala et al., 2024). 
The increase in adsorption capacity of MPB with rising initial 
concentration of Rhodamine B is attributed to the greater 
availability of free active sites at higher solute concentrations 
(Figures 10 and 11). An increase in solute concentration leads 
to a higher solute mass in the system, which in turn enhances 
the diffusion of solute particles (Fick’s law). This phenomenon 
facilitates more frequent interactions between the solute and 
the biosorbent surface, thereby contributing to improved 
adsorption performance. Although the adsorption capacity 
tends to increase with higher initial concentrations, the 
percentage of adsorption generally decreases. This decline can 
be attributed to the saturation of available active sites on the 
biosorbent surface, which limits the proportion of solute that 
can be effectively adsorbed at elevated concentrations. A mass 
effect is observed. Musah et al. (2020) also reported the same 
observations on the decrease in the adsorption percentage with 
the concentration of the solution for the adsorption of 
methylene blue on a biosorbent from Platanus orientalis leaf 
powder. 
 
The pH of the solution plays a critical role in regulating the 
surface charge distribution of the biosorbent. Variations in pH 
can alter the ionization state of functional groups on the 
biosorbent surface, thereby influencing its affinity for charged 
solute species and affecting the overall adsorption 
performance. The distribution of charges on the surface (S) of 
the biosorbent is as follows: 
 
At   pH < pHZPC: S-OH + H3O

+ ↔ SO+H2 + H2O 
At   pH= pHZPC:  SO+H2↔ S-OH + H+ 
At pH> pHZPC:    S-OH + HO- ↔ S-O- + H2O 

At pH= pHZPC (=5.51), the surface of the MPB biosorbent is 
neutral. Below the pHZPC, the surface of the biosorbent is 
positively charged, and beyond pHZPC, the surface of the 
biosorbent is negatively charged. Adsorbate solution pH 
greatly influences adsorbate behavior. Rhodamine B exhibits 
different forms depending on the solution pH: lactonic at pH 
lower than 1.0, cationic at pH range 1 to 3, and zwitterionic at 
pH greater than 3.7. The tendency exhibited by the zwitterionic 
form of RhB leads to its dimer formation, thus reducing 
adsorption potential at pH above 4 (Folahan et al., 2019). As 
the pH of the rhodamine solution increases, its adsorption onto 
biosorbents decreases (Table 3, Figure 12); this mainly due to 
the reduced electrostatic attraction: at low pH (< 5.1), 
biosorbent surfaces are protonated and attract the cationic dye. 
At high pH (> 5.1), deprotonation leads to negatively charged 
surfaces, but excess hydroxide ions compete for binding sites 
and may hinder dye interaction. Additionally, rhodamine B 
may become more soluble or aggregate, further lowering its 
adsorption efficiency. This finding has also been independently 
observed by other researchers, supporting the robustness of the 
result (Folahan et al., 2019; Senol at al., 2024). The results 
obtained in this study indicate that the adsorption of 
Rhodamine B onto the biosorbent is only slightly influenced 
by pH. This suggests that the interaction mechanisms may not 
be predominantly governed by electrostatic forces, but rather 
by other factors such as hydrophobic interactions or specific 
functional groups present on the biosorbent surface. The 
optimum pH was estimated to be 5.50 with an optimum Qm of 
4.97 mg/g and optimum %mAds of 79.48% (Table 3, Figure 
12). 
 
The pseudo-first-order and pseudo-second-order models are 
suitable for describing the adsorption of Rh onto MPB, as the 
overall correlation coefficients obtained in both cases are close 
to unity (Table 4). Although both pseudo-first-order and 
pseudo-second-order models provide a good fit to the 
experimental data, the pseudo-second-order model (R2

g 
0.9002) proves to be more suitable for describing the 
adsorption of Rh onto MPB. This is evidenced by its higher 
correlation coefficient and better agreement with the observed 
adsorption kinetics, suggesting that chemisorption may be the 
rate-limiting step in the process.  This correlation, less than 1, 
does not exclude other adsorption mechanisms. Similar kinetic 
results have been reported in the literature (Musah et al., 
2020). 
 
Equilibrium data were fitted to both Langmuir and Freundlich 
isotherms. The Langmuir model yielded a correlation 
coefficient of 0.9049, while the Freundlich model produced a 
higher value of 0.9384 (Table 5). This indicates that the 
adsorption process is better described by the Freundlich model, 
implying heterogeneous surface adsorption and the possibility 
of multilayer coverage. Such behavior is consistent with the 
complex nature of biosorbent surfaces, which often contain a 
variety of functional groups and binding sites. The equilibrium 
parameter or separation parameter, KL, indicates the affinity of 
the biosorbent towards rhodamine B, which can be favorable 
(0 <RL<1), irreversible (RL=0), linear (RL =1) or unfavorable 
(RL>1) (Hajir et al., 2024; Kifuani et al., 2024:). The KF values 
represent the adsorbent power of the biosorbent, when the 
concentration (Ce) of RhB is unitary. The Freundlich parameter 
1/n indicate the adsorption intensity or adsorption interaction 
strength. It is reported that the adsorption can be favorable 
(1/n<1), linear (1/n = 1), physical and unfavorable (1/n>1) 
(Bharath et al., 2022; Basma et al. 2024; Hajir et al. 2024). 
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The values of RL less than 1 obtained for all pH studied, 
indicate that the adsorption of RhB on MPB biosorbent is 
favorable. 
 
Conclusion 
 
The eco-friendly biosorbent based on Musa paradisiaca was 
used for the removal of rhodamine B dye in aqueous solution. 
Adsorption were carried out in batch tests by varying several 
parameters. The experimental results demonstrate that 
biosorbent has a specific surface area of 296.52 m2 g-1 and a 
maximum observed adsorption capacity (Qmo) of 90.00 mg g-

1.the adsorption capacity was found to increase progressively 
with contact time across different biosorbent masses, initial 
dye concentrations, and pH levels. This time-dependent 
behavior confirms the gradual saturation of active sites, and 
supports the relevance of kinetic modeling to describe the 
adsorption mechanism. The experimental results demonstrate 
that the adsorption percentage decreases from 79.20% to 
75.95% as the pH increases from 2 to 12. From this result, it 
appears that the adsorption process is only slightly influenced 
by pH, suggesting that electrostatic interactions are not the 
dominant mechanism. Instead, the adsorption appears to be 
governed by other factors such as hydrophobic interactions and 
the presence of specific functional groups on the biosorbent 
surface. Kinetic data were analyzed using pseudo-first-order 
and pseudo-second-order models. The correlation coefficients 
obtained were 0.8975 and 0.9002, respectively. Although both 
models show reasonable fit, the slightly higher Rg² value for 
the pseudo-second-order model suggests that chemisorption 
may play a more significant role in the adsorption process, 
involving valence forces through sharing or exchange of 
electrons between the dye molecules and the biosorbent 
surface. Equilibrium studies further supported these findings, 
with the Freundlich isotherm (Rg² = 0.9384) providing a better 
fit than the Langmuir model (Rg² = 0.9049). This suggests that 
the adsorption occurs on a heterogeneous surface with 
multilayer coverage, which is consistent with the complex 
nature of biosorbent materials. The results obtained in this 
study show that the eco-friendly biosorbent from Musa 
paradisiacais effective for removal rhodamine B or other 
organic dyes from wastewaters. 
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