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Abstract 

Phosphate contamination in water bodies is a major environmental concern due to its role in 

eutrophication, necessitating the development of low-cost, efficient, and sustainable removal 

technologies. In this study, an eco-friendly biosorbent was prepared from waste banana peels 

through saponification followed by Fe(III) loading (Fe(III)-SBP) for effective phosphate ion removal 

from aqueous solutions. The prepared biosorbent was characterized using FTIR and SEM to confirm 

functional group modification and surface morphology, while the point of zero charge (pHPZC) was 

determined to be 6.8. Batch biosorption experiments revealed that phosphate uptake was highly 

pH-dependent, with a maximum biosorption capacity of 18.51 mg/g at pH 5.34. Equilibrium and 

kinetic data were best described by the Langmuir isotherm and pseudo-second-order kinetic model, 

indicating monolayer chemisorption. Competitive ion studies showed negligible interference from 

chloride and nitrate ions, whereas sulphate and bicarbonate ions significantly inhibited phosphate 

removal. The adsorbed phosphate was efficiently desorbed using 0.5 M NaOH, demonstrating good 

regeneration potential of the biosorbent. Overall, the results confirm that Fe(III)-loaded saponified 

banana peels are an effective, low-cost, and sustainable biosorbent for phosphate removal, 

highlighting their potential application in wastewater treatment and nutrient pollution control. 
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Introduction  

Phosphate is necessary for the 

physiological processes of life [1]. It is often 

present in low concentration in wastewater in 

the form of phosphate ion, hydrogen phosphate 

and dihydrogen phosphate [2]. Surface run-offs 

contribute to an extent of 65% phosphate 

pollution, industrial waste adds to 25% and 

domestic and municipal sewages account to 10% 

[3]. Strict regulatory requirements decreased 

the permissible level of phosphate 

concentration (upto 1 mg/L) [4]. The excess 

discharge of phosphate from the municipal or 

industrial wastes in the sources of water causes 

eutrophication [5]. It depletes the level of 

oxygen which causes reduction in biodiversity 

[6]. Eutrophication leads to undesirable algal 

blooms [7]. 

Phosphate can exist in a variety of ionic 

species. H3PO4 has low affinity for binding sites 

below pH 2.0 but H2PO4
⁻ and HPO4

²⁻ are found 

in pH range of 2.1 to 7.2. Some of the 

traditional ways to remove PO4
3⁻ from 

contaminated water are membrane separation 

technologies [8], ion exchange [9], reverse 

osmosis [10]. Likewise there is a growing 

interest among researchers in using agro-waste 

products to remove contaminants [11]. 

Sugarcane bagasse [12], peanut shell [13], 

apple pomace [14], orange peel [15], litchi seed 

waste [16], pine bark [17] are some of the 

agrowastes used for removing pollutants are 

some of the agrowastes used for removing 

pollutants. Banana peel is a cellulosic biomass 

with considerable potential for 
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functionalization to enhance adsorption sites 

[18]. Its main structural components include 

cellulose (7.6–9.6%), hemicellulose (6.4–9.4%), 

and pectin (10–21%), along with proteins (10.2–

12.1%), ash, moisture, and minor constituents 

[19]. The presence of methyl ester groups of 

pectin is responsible for chemical modification 

[20]. Pectin has a carboxy group, which makes 

it easy to convert into functionalized biosorbent 

obtained through the saponification process 

[21]. In this study, Fe(III) ion was selected for 

loading biosorbent due to their low cost, wide 

availability, and established use of Fe(III) salts 

in conventional water and wastewater 

treatment processes. Unlike Zr(IV) salts, which 

are relatively expensive and less accessible, 

Fe(III) compounds are environmentally benign, 

and non-toxic. These advantages make Fe(III)-

loaded biosorbents more suitable for 

sustainable phosphate removal applications. 

Saponification of banana peel generates 

active carboxylate groups that can coordinate 

with positively charged metal ions through 

ligand exchange. In this study, Fe (III) ions were 

immobilized onto saponified banana peels to 

develop a low-cost, environmentally friendly 

biosorbent, and its performance for phosphate 

removal was systematically evaluated through 

batch adsorption experiments. Several factors 

including the influence of pH, biosorption 

isotherms, kinetic studies and the influence of 

interfering ions on phosphate biosorption were 

evaluated. 

Materials and Methods 

Chemicals 

Chemicals like FeCl3 (70% purity), Ca(OH)2 

(96% purity) and NaH2PO4.2H2O (98% purity) 

were were obtained from Loba Chemical Pvt. 

Ltd., India. The pH of the solutions was 

maintained by using HCl and NaOH. All the 

chemicals used were of analytical grade and 

were used as received, without any additional 

purification. All the solutions mentioned above 

were made in deionized water. The stock 

solution of phosphate (1000 mg/L) was made 

by the dissolution of 1.64g of NaH2PO4.2H2O in 

1000 mL water. The stock solutions were stored 

in an airtight bottle from where the working 

solutions were made by dilution method 

throughout the experiments. 

Preparation of biosorbent material 

Raw banana peels were collected from 

Bhotahity, Kathmandu. They were cut into 

pieces, sundried for 7 days, grinded and sieved 

through 150µm. Powder was washed via 

deionized water to remove contaminants. It was 

named raw banana peel abbreviated as RBP.  

100 g of RBP and 8 g of Ca(OH)2 powder along 

with 2 pellets of NaOH were added in a 500 mL 

beaker. It was stirred in a magnetic stirrer for 

24h, filtered and the residue was washed to 

make neutral. The sample was dried for 24h at 

70 oC. The obtained sample is named as 

saponified banana powder (SBP). Now, 5g of 

SBP was mixed with 500 mL of 0.01M FeCl3. pH 

was maintained at 3 [22]. The mixture of SBP 

and FeCl3 was shaken in a flask shaker for 24h. 

It was filtered and the residue obtained after 

filtration was washed to make neutral again. 

The sample was dried at 70 oC for 24h, which 

is now named as Fe(III)-SBP. 

Characterization of the Biosorbent and 

Biosorption Experiments 

Topographical image of RBP, Fe(III)-SBP 

and Fe(III)-SBP@PO4 were analyzed by field 

emission scanning electron microscopy (FE-

SEM; JEOL, JSM-6701 F, Japan). Functional 

groups in RBP, SBP and Fe(III)-SBP were 

analyzed by Fourier transformed infrared (FTIR) 

spectroscopy. Dried samples were subjected to 

FTIR analysis using a Perkin Elmer 

Spectrometer, version 10.6.2 in the range of 

4000-500 cm–1 at a resolution of 4 cm⁻¹. Initial 

and final concentration of phosphate was 

evaluated using spectrophotometer (LT-2802, 

Labtronics, India). Batch adsorption 

experiments were conducted to evaluate the 

phosphate removal capacity of Fe(III)-SBP). In 

each experiment, a known mass of biosorbent 

(30 mg) was added to 30 mL of phosphate 

solution with a desired initial concentration. 

The pH of the solution was adjusted using 0.1 
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M HCl or 0.1 M NaOH, and the mixture was 

agitated at 150 rpm using an orbital shaker at 

room temperature for predetermined contact 

times. After adsorption, samples were filtered 

using Whatman No. 42 filter paper, and the 

residual phosphate concentration was 

determined by molybdenum blue method using 

UV–Vis spectrophotometry at 850 nm after 

complexation with ammonium molybdate and 

ascorbic acid.  The effects of solution pH, 

initial phosphate concentration, contact time, 

and competing anions on phosphate uptake 

were systematically investigated under 

identical experimental conditions. All 

experiments were performed in triplicate, and 

average values were reported. The percentage 

removal (%A) was calculated using equation (1) 

[23]. 

%A = 
𝐶𝑖− 𝐶𝑒

𝐶𝑖
  × 100%         (1) 

where ci and ce are the initial concentration and 

equilibrium concentration of phosphate of a 

phosphate solution. 

Influence of pH, contact time, initial 

concentration and effect of competing ions were 

studied by using 10 mg of biosorbent with 10 

mL of phosphate. Amount of phosphate 

biosorbed was calculated by equation (2) [24]. 

qe = 
𝐶𝑖− 𝐶𝑒

𝑊
  × 𝑉                       (𝟐)          

where, qe is amount of phosphate biosorbed 

(mg/g), V is the volume of solution (L) and w is 

the weight of biosorbent (g). The following is the 

non-linear equation for pseudo-first-order 

kinetics. 

𝑞𝑡 =  𝑞𝑒(1 − 𝑒−𝐾1𝑡)      (3) 

Similarly, the non-linear equation for PSO 

kinetics is as follows: 

𝑞𝑡 =  
𝑞𝑒

2𝐾2𝑡

1+𝑞𝑒𝐾2𝑡
           (4) 

where qe and qt (mg/g) are the adsorption 

capacity at equilibrium and at time t, 

respectively; and k1, (min–1) and k2 (g/mg min) 

are the rate constants of PFO and PSO kinetics, 

respectively. 

Equations (5) and (6) reflect the Langmuir 

isotherm's linear and non-linear versions, 

respectively. 

 
𝐶𝑒

𝑞𝑒
=  

1

𝑞𝑚𝑎𝑥 .𝑏
+ 

𝐶𝑒

𝑞𝑚𝑎𝑥
     (5)  

𝑞𝑒 =  
𝑞𝑚𝑎𝑥.𝑏𝐶𝑒

1+𝑏𝐶𝑒
          (6) 

where b represents the Langmuir constant, 

qmax signifies the maximum adsorption capacity. 

To calculate pHpzc, 10 mg of Fe(III)-SBP 

was mixed separately each with 10 mL of 0.01M, 

0.05M and 0.1M of NaCl at different pH from 1-

12. It was shaking for 24h. The biosorption 

isotherms of phosphate was analyzed using 

Langmuir and Freundlich isotherm models. 

Similarly, kinetic studies were also done [25]. 

Further, the influence of ions like Cl⁻, NO3
⁻, 

CO3
2⁻, HCO3

⁻, SO4
2⁻ were also done. 

Desorption Studies 

The % desorption of phosphate was obtained 

from equation (7) [26]. 

%D = 
𝐴𝑟

𝐴𝑏
  × 100%                   (7)      

where Ar and Ab are the amounts of phosphate 

(mg) bioadsorbed and released, respectively. 

Results and Discussion 

Characterizations of Biosorbents 

The surface morphology of biosorbents was 

determined by analyzing the scanning electron 

microscopy (SEM). The surface of RBP is 

smooth with white patches (Figure 1(a)) due to 

presence of soluble sugars and low molecular 

weight organic compounds which is anticipated 

to be leached out after Ca(OH)2 treatments. 

Therefore, the surface of Fe(III)-SBP (Figure 

1(b)) is rough and has uneven protuberances. 

Similarly, after phosphate was filled in the 

holes, the surface of Fe(III)-SBP@PO4
--- has 

become uniform and smooth (Figure 1(c)), 

which can be properly attributed due to coating 

of phosphate species onto Fe(III)-SBP surface. 

http://www.nepjol.info/index.php/JNCS
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Figure 1: SEM images of a) RBP, b) Fe(III)-SBP and 

c) Fe(III)-SBP@PO4 

FTIR spectroscopy was employed to 

investigate the surface functional groups of 

RBP, saponified banana peel (SBP), Fe(III)- SBP, 

and phosphate-loaded Fe(III)-SBP (Figure 2), 

and to elucidate the adsorption mechanism. 

The FTIR spectrum of RBP exhibited a broad 

band around 3348 cm⁻¹ corresponding to O–H 

stretching vibrations of hydroxyl groups. The 

peak observed near 2923 cm⁻¹ is attributed to 

aliphatic C–H stretching, while the band 

around 1735 cm⁻¹ corresponds to C=O 

stretching of ester and carboxylic acid groups 

[27]. In FTIR spectrum of Fe(III)- SBP, 

significant changes were observed. The 

carboxylate stretching bands showed 

noticeable shifts and reduced intensity, 

indicating coordination between Fe(III) ions and 

the carboxylate functional groups of the 

biosorbent. Additionally, the broad O–H 

stretching band became less intense, 

suggesting involvement of hydroxyl groups in 

Fe(III) binding. These changes confirm the 

successful loading of Fe(III) ions onto the SBP 

surface. After phosphate adsorption, further 

spectral changes were evident. The Fe–

carboxylate related bands showed additional 

shifts, and new bands appeared in the region of 

1016 and 1242 cm⁻¹, which are characteristic 

of P–O stretching vibrations of phosphate 

species. This suggests that phosphate 

adsorption occurs predominantly through 

ligand exchange and inner-sphere complex 

formation, where phosphate ions replace 

surface hydroxyl or coordinated water 

molecules bound to Fe(III) [28]. 

 

 
Figure 2: FTIR spectra of RBP, Fe(III)-SBP and 

Fe(III)-SBP@PO4 

Surface Charge of the Biosorbent 

The point of zero charge (pHpzc) was 

evaluated by plotting the graph between initial 

pH and ∆pH as shown in Figure 3. The pHpzc 

value was found at 6.8 from the graph. At the 

value of pHPZC, the surface charge of biosorbent 

becomes neutral, due to which the phosphate 

anions of aqueous solutions substitute the 

hydroxyl groups by ligand exchange 

mechanism. On the other hand, when the pH is 

below pHPZC, the surface charge of biosorbent 

becomes positive due to protonation 

phenomenon. So, the biosorption of phosphate 

anion favors at lower pH because of the 

electrostatic force of attraction between the 

phosphate anion and surface of biosorbent [29]. 

 

Figure 3: Determination of point zero charge (pHPZC) 

for Fe(III)-SBP 
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Influence of pH 

The biosorption of phosphate anion is 

influenced by surface charge of biosorbent. The 

biosorption performance of RBP and Fe(III)-SBP 

under varying pH is shown in Figure 4, which 

demonstrates that the percentage of phosphate 

biosorbed on to RBP increased from 3.6% at pH 

1.5 to 19% at pH 5.34 whereas Fe(III)-SBP 

exhibited greater efficacy for the biosorption of 

phosphate from 7.06% at pH 1.5 to 88.80% at 

pH 5.34. After the optimum pH, biosorption 

process decreased gradually. At this pH, the 

biosorption took place through electrostatic 

interaction as well as ligand exchange 

mechanism, but at higher pH, the electrostatic 

repulsion between hydroxyl ions and 

phosphate ions have reduced the biosorption 

process [30]. 

 

Figure 4: Influence of pH for the biosorption of 

phosphate onto Fe(III)-SBP 

Influence of Contact Time 

The findings of the kinetic studies of Fe(III)-

SBP at pH 5.34 are given in Figure 5. Figure 5 

(a) showed the progressive rise in the 

phosphate biosorption, then slowed down and 

finally achieved plateau at 6 h. Figure 5 (b) 

showed the non-linear plot of pseudo-first-

order (PFO) and pseudo-second-order (PSO) 

kinetic model [31]. PSO data are in line with 

experimental data rather than the PFO data. 

Similarly, Figure 5 (c) and Figure 5 (d) showed 

separate linear plot of PFO and PSO 

respectively. It showed PSO kinetic model 

better fit because coefficient of determination of 

PSO (R2 = 0.98) is greater than the coefficient of 

determination of PFO (R2 = 0.91). Likewise, the 

value of qe calculated from PSO (4.032 mg/g) is 

close to observed qe (3.91 mg/g). Hence, 

phosphate biosorption followed PSO kinetics 

which confirms the chemisorption process is 

involved in this biosorption phenomenon [32]. 

The kinetic parameters were tabulated in Table 

1. 

 

Figure 5: Biosorption of phosphate onto Fe(III)-SBP 

(a) Influence of contact time (b) Non-linear kinetics 

of phosphate biosorption onto Fe(III)-SBP (c) Plot of 

pseudo-first-order and (d) pseudo-second-order 

model 

Table 1: Kinetic parameters for the biosorption of 

phosphate onto Fe(III)-SBP 

Order R2 
qe (exp) 

(mg/g)  

qe (cal) 

(mg/g) 

k1 

(min-1) 

k2 

(mg/g/min) 

PSO 0.989 3.91 4.0 - 0.009 

PFO 0.912 3.91 0.505 0.002 - 

Biosorption Isotherm Studies 

Figure 6 (a) showed the phosphate 

biosorption increases at lower concentration 

then slowed down and attains a plateau region. 

Figure 6 (b) showed that experimental data is 

in line with the Langmuir isotherm model. 

Similarly, separate Langmuir [33] and 

Freundlich isotherm model [34] were plotted in 

the graph which have the coefficient of 

determination (R2 = 0.982) and (R2 = 0.91) 

respectively. It showed Langmuir model best fit 

http://www.nepjol.info/index.php/JNCS
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the data. Likewise, maximum biosorption 

capacity (qmax) was calculated to be 18.51 mg/g 

(Langmuir) which is similar to the experimental 

data (17.31 mg/g). Hence, phosphate 

biosorption followed Langmuir isotherm model 

which confirms monolayer biosorption is 

involved. The evaluated values of isotherm 

parameters were listed in Table 2. 

 

Figure 6: (a) Influence of initial concentration (b) 

non-linear isotherm of phosphate biosorption onto 

Fe(III)-SBP (c) Langmuir isotherm (d) Freundlich 

isotherm 

Table 2: Isotherm parameters for the phosphate 

biosorption onto Fe(III)-SBP 

Langmuir Isotherm Freundlich Isotherm 

qmax (mg/g) b (L/mg) R2 KF 

[(mg g−1)(L 

mg−1)1/n] 

1/n R2 

18.51 0.78 0.98 5.5 0.24 0.91 

 

Table 3: Comparision of uptake capacity of Fe(III)-

SBP with other biosorbents 

S.N. Biodsorbent qmax (mg/g) Reference 

1 Zr(IV)-SOW 13.94 [35] 

2 Zr(IV)-SWR 27.63 [21] 

3 Zr-MCM 41 3.36 [36] 

4 Modified 

almond 

wooden shell 

22.73 [37] 

5 La(III)-modifed 

Pine needles 

4.8 [38] 

6 Fe-loaded 

activated 

2.87 [39] 

carbon 

7 Zr(IV)-loaded 

Okara 

44.13 [40] 

8 Zr(IV)-loaded 

apple peels 

20.35 [41] 

9 La-

incorporated 

porous zeolite 

17.2 [42] 

10 Fe(III)-loaded 

pomegranate 

peel 

99.30 [43] 

11 Fe(III)-SBP 18.51 This study 

 

Influence of Interfering Anions  

The presence of coexisting anions in 

aqueous solutions can significantly influence 

phosphate adsorption. In our study, Cl⁻, HCO₃⁻ 

and NO₃⁻ had negligible effects, whereas SO₄²⁻ 

significantly inhibited adsorption. This 

difference can be explained by the stronger 

affinity of multivalent anions for Fe(III) centers. 

SO₄²⁻ compete with phosphate ions for 

coordination to surface-bound Fe(III) sites, 

reducing available binding sites. In contrast, 

monovalent anions interact weakly with Fe(III), 

resulting in minimal interference. These results 

highlight the selectivity of Fe(III)-SBP toward 

phosphate over common monovalent ions 

[29,44,45]. 

 

Figure 7: Influence of interfering anions in the 

biosorption of phosphate onto Fe(III)-SBP 

Phosphate Biosorption Mechanism 

Scheme 1 showed Fe(III)-SBP and 

phosphate biosorbed Fe(III)-SBP. Fe(III)-SBP 

undergoes ligand exchange mechanism. (OH-) 

group of Fe(III)-SBP is replaced by HnPO4
(3-n)- 

http://www.nepjol.info/index.php/JNCS
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which is present in the aqueous solution [46]. 

 

Scheme 1: Inferred mechanism of phosphate 

biosorption onto Fe(III)-SBP biosorbent 

Desorption Studies 

NaOH of 0.01, 0.1, 0.2, 0.5 and 1M were 

used, where phosphate desorption increased 

from 53.21% to 93.34% from 0.01 to 0.5M. 

However, desorption of biosorbed phosphate 

decreased with 1M NaOH because it ruptured 

the surfaces of Fe(III)-SBP [21]. 

 

Figure 8: Desorption of phosphate biosorbed Fe(III)-

SBP as a function of NaOH concentration. 

 

 

Scheme 2: Inferred mechanism of phosphate 

desorption using NaOH solution. 

Scheme 2 shows the biosorbed phosphate 

anion can be easily desorbed with NaOH by the 

ligand exchange mechanism between the 

biosorbed phosphate anions and high 

concentration of OH- ions present in the 

solution [21]. 

 

Conclusions 

Phosphate biosorption from aqueous 

solution was investigated using Fe(III)-SBP as 

the biosorbent. To prepare Fe(III)-SBP, banana 

peel powder was saponified with Ca(OH)2 and 

then loaded Fe(III). SEM analysis showed the 

morphology of Fe(III)-SBP before and after 

biosorption. FTIR analysis indicated the 

principal role of carboxyl functional group for 

biosorption. The pHPZC was determined at 6.8. 

The phosphate uptake (qmax) was found to be 

18.51 mg/g. Kinetic analysis showed that PSO 

kinetic model best suited the data. Ions like Cl⁻, 

NO3
⁻, CO3

2⁻ and HCO3
⁻  have no appreciable 

influence but SO4
2⁻ has maximum interference. 

Using 0.5M NaOH, the biosorbed phosphate 

was successfully eluted. Compared to reported 

biosorbents, Fe(III)-SBP has superior 

phosphate biosorption performance. The 

experimental findings revealed that Fe(III)-SBP 

can be efficient and low-cost material for 

phosphate biosorption. 
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