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Untreated municipal wastewater with elevated phosphate levels can trigger eutrophication and the flourishing 

of algal blooms in surface waters. Among various phosphate removal methods, adsorption, especially with 

surface modifications, demonstrated enhanced adsorption capacity. This study examined phosphate removal 

from aqueous solution using activated carbon (AC) derived from saba banana peels (ACB) and AC derived from 

banana peels impregnated with Ca2+ from eggshells (ACB-C). Scanning electron microscopy (SEM) was used 

to examine the surface morphology of the adsorbents before and after adsorption. Batch adsorption experiments 

were conducted to investigate the effect of adsorbent dosage and effect of pH on phosphate removal, and to 

compare the performance ACB and ACB-C. The findings indicate that 0.5 g of ACB demonstrated the highest 

phosphate removal efficiency of 41.58 % with an adsorption capacity of 1.17 mg/g at pH 6 while 0.5 g of ACB-

C exhibited superior performance, with a remarkable 96.42 % phosphate removal efficiency and an adsorption 

capacity of 2.43 mg/g at pH 8. These results were consistent under specific conditions: contact time of 1 hand 

agitation speed of 300 rpm. Adsorption kinetics adhered well to pseudo-second-order kinetics for both ACB and 

ACB-C. Isotherm analysis revealed that phosphate adsorption on ACB followed the Langmuir isotherm model, 

indicative of monolayer adsorption. These findings affirm that Ca2+ impregnation enhances the efficiency of 

phosphate removal by the adsorbent. 

1. Introduction 

Phosphorus in the form of phosphate (PO4
3-) is an essential plant nutrient and is a major component of most 

agricultural fertilizers and animal supplements (Yang et al., 2022). High level of phosphates in municipal 

wastewater is one of the major contributors of increased eutrophication in lakes and natural waters. 

Eutrophication has posed a serious threat to most freshwater bodies and coastal ecosystems in recent years, 

as it promotes algal bloom, deteriorates water quality, reduces the dissolved oxygen levels, and adversely 

affects aquatic life (Kumar et al., 2010). Municipal wastewater can contain phosphorus as phosphate ranging 

from 4 to 15 ppm, as noted by Masindi et al. (2015). It's important to adhere to regulatory standards, such as 

the maximum allowable phosphate concentration in effluent, which is set at 1 ppm according to DAO 2016-08. 

Therefore, it's imperative to treat wastewater before its discharge into bodies of water. Commonly investigated 

treatment technologies for phosphate removal include chemical precipitation, biological treatment, 

electrodialysis, reverse osmosis and adsorption (Yang et al., 2018). Among these various methods, adsorption 

is widely employed and extensively studied due to its simplicity, cost-effectiveness, and high efficiency. The 

spent adsorbent, enriched with nutrients, can be repurposed as fertilizer and soil conditioner, adding to its value 

and environmental sustainability. In most recent studies, researchers are investigating the utilization of low-cost 

and locally available raw materials in wastewater treatment (Ali et al., 2021). Agricultural by-products, 

characterized by their cost-effectiveness, abundant availability, and effectiveness, serve as excellent precursor 

for producing activated carbon, a commonly used adsorbent. Banana peel is one of the biomass wastes that 

has potential to be used as a raw material to produce activated carbon due to its significant lignocellulose 
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content, estimated at around 50 % (Kabenge et al., 2018). In 2017 and 2018, the Philippines ranked among the 

top five banana exporters, with a production of 9.36 M t. Bananas are readily available year-round in the 

Philippine market and can even be harvested from nearby banana plants. Saba banana is the most used variety 

of banana for products sold as banana cues, banana chips, turon, and other products, and for that much waste 

is generated by the banana peels (Reginio Jr. et. al, 2020). About 70-75 % of wastes are generated in 

households and kitchens in Manila and fruit peels take up a portion of those. These resulting in a substantial 

amount of waste with minimal economic value but can serve as a valuable precursor for activated carbon 

production. 

Surface modifications of the activated carbon derived from biomass has the potential to enhance surface and 

adsorption chemistry by improving the interaction between the adsorbent surface and the adsorbate molecule. 

(Rosa et al., 2023). Impregnation involves incorporating a metal component into a porous material, which can 

be done through either dry impregnation or wet impregnation (Abegunde et al., 2020). An impregnated 

adsorbent is more stable and has higher surface area for enhanced adsorption capacity (Girish, 2018). Activated 

carbon and biochar exhibit strong adsorption capabilities for organic pollution and cations, but they are less 

effective for anionic pollutants like phosphates so enhancing their adsorption properties for anionic pollutants is 

necessary. Mitrogiannis et al. (2017) reported that metal cations, including Ca2+, Al3+, Fe3+, and La3+, exhibit a 

strong affinity for phosphates, resulting to enhanced the adsorption capacity in phosphate removal processes. 

Numerous studies have utilized chicken eggshells to produce calcium solutions, often employed as an 

economical activation agent for biomass or activated carbon. This approach serves to enhance the surface 

chemistry of the adsorbent, thereby augmenting its adsorption capabilities. About 94% of the dry eggshell is 

CaCO3 (Faridi and Arabhosseini, 2018) so eggshell can be used as a low-cost source of Ca2+. When calcium 

carbonate reacts with acetic acid, it produces carbonic acid and calcium acetate. Carbonic acid spontaneously 

decomposes to water and carbon dioxide leaving only Ca2+ and acetate ions in the aqueous solution. 

This study aimed to remove inorganic phosphates from aqueous solution using two materials: (1) activated 

carbon derived from saba banana peels (ACB), and (2) activated carbon derived from saba banana peels 

impregnated with Ca2+ from chicken eggshells (ACB-C). Factors influencing phosphate adsorption, such as 

adsorbent dosage and pH, were examined. Additionally, adsorption isotherms and kinetics were analyzed by 

fitting the data to various isotherm and kinetic models. 

2. Materials and Methods 

2.1 Preparation of Activated Carbons (ACB and ACB-C) 

The preparation of saba banana peels followed the methods outlined in the study by Chafidz et al. (2018), with 

some modifications. Initially, banana peels were collected, washed, diced, heated in an oven at 110 °C for 20 

min, and ground using a blender. The unmodified activated carbon (ACB) was produced by subjecting 720 g of 

dried saba banana peels to activation in a furnace at 800 °C for 10 min. Before preparing the modified activated 

carbon (ACB-C), a calcium solution was initially prepared following the method outlined by Hernandez-Montoya 

et al. (2011). This involved immersing 100 g of prepared chicken eggshells in 1 L of 25 % (v/v) acetic acid. The 

mixture was agitated until all bubbles dissipated, and then the residual eggshells were filtered out. The resulting 

filtrate served as the calcium solution (1 L), wherein 600 g of dried saba banana peels were soaked, with 

intermittent stirring every hour, for 24 h at room temperature to impregnate the banana peels with calcium ions. 

The impregnated banana peels were then dried in the oven at 110 °C for 15 min before being activated at 800 

°C for 5 min. 

2.2 Characterization of the Activated Carbons 

The microstructure and morphology of both ACB and ACB-C, which exhibited the highest phosphate removal 

efficiency, were examined through Scanning Electron Microscopy (SEM) Analysis before and after the 

adsorption process. Each sample underwent analysis at x1000 magnification and was observed at a voltage of 

15 kV. 

2.3 Preparation and Characterization of Aqueous Phosphate Solution  

A 300 ppm phosphate stock solution was prepared by dissolving 300 mg of reagent grade KH2PO4 in 1 L distilled 

water. To achieve the desired inorganic phosphate concentration of 15 ppm in municipal wastewater, simple 

dilution of the stock solution was carried out. The actual phosphate concentration of the resulting working 

solution was determined using the Phosphate High-Range Checker® HC-HI717 by HANNA Instruments.  

2.4 Effect of Adsorbent Dosage and Effect of pH 

Batch adsorption experiments were conducted to investigate the phosphate adsorption capacity of both ACB 

and ACB-C. To determine the effect of adsorbent dosage, 0.1, 0.2, 0.3, 0.4, and 0.5 g of both ACB and ACB-C 
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were utilized for 100 mL of 15 ppm phosphate aqueous solution at pH 6, agitated using a magnetic stirrer set to 

300 rpm, maintained at room temperature for a duration of 1 h. To evaluate effect of pH, 0.5 g of both ACB and 

ACB-C were used for 100 mL of 15 ppm phosphate aqueous solution. The pH of the solutions was adjusted to 

6, 7, 8, 9, and 10 by adding 0.1 M NaOH. The mixtures were stirred with a magnetic stirrer at 300 rpm at room 

temperature for 1 h. Mixtures were then filtered using a 0.45 µm membrane syringe filter, and the phosphate 

concentration of the treated solutions was determined using the Phosphate High-Range Checker® HC-HI717 

by HANNA Instruments. The adsorption experiments were conducted with two trials, each consisting of two 

replicates. These methodologies were adapted from the study conducted by Kumar et al. (2010) with some 

modifications. 

2.5 Kinetics and Isotherm Experiment 

In this experiment, 200 mL of phosphate aqueous solution with initial concentrations of 2, 4, 6, 8, and 10 ppm 

was employed. A 0.5 g of ACB at pH 6 and 0.5 g of ACB-C at pH 8 were utilized. Sample aliquots of 10 mL were 

collected at appropriate sampling times: a 1-min interval for the initial 5 min, a 5-min interval for the subsequent 

10 min, a 10-min interval for the subsequent hour, and a 20-min interval until the solution concentration reached 

a steady state. This methodology was adapted from the research conducted by Cao et al. (2020) with some 

modifications. 

3. Results and Discussion 

3.1 Scanning Electron Microscopy (SEM) Analysis 

SEM imaging analysis was employed to examine the features and surface structure of both ACB and ACB-C 

before and after adsorption. The surface morphology, as illustrated in Figure 1, reveals the surface area 

available for adsorption and illustrates its transformation following the adsorption process. 

 

Figure 1: SEM micrograph of (a) ACB before adsorption; (b) ACB after adsorption; (c) ACB-C before                

adsorption; (d) ACB-C after adsorption. (Condition: x1,000 magnification) 

The surface of ACB before adsorption, as shown in Figure 1a, is crystalline and has a distribution of shallow 

pores and cavities. Figure 1b illustrates ACB after the adsorption, where the surface of the activated carbon 

appears smooth due to the coverage of pores by phosphate molecules.  

The surface of ACB-C before adsorption, depicted in Figure 1c, shows amorphous-like structure with more 

visible pores that are deeper and larger. This suggests that the impregnation of Ca2+ enhances the surface 

morphology of the activated carbon by penetrating deeper into the structure of the saba banana peel, resulting 

to generation of internal pores. This increase in internal porosity leads to a larger surface area for the particles, 

ultimately enhancing their overall adsorption capabilities. Figure 1d displays ACB-C after the adsorption 

process, revealing that numerous pores on the surface are no longer visible. This suggests that these pores 

may have been occupied by phosphates during the adsorption, leading to their temporary or permanent 

obstruction. The phenomenon of Ca-P precipitation is also distinctly observed, potentially resulting from the 

formation of calcium phosphate crystals such as Ca5(PO4)3(OH) and CaHPO4. This occurs through the 

interaction between calcium oxide (CaO) and calcium hydroxide (Ca(OH)2) with phosphates, as detailed in the 

study conducted by Cao et al. (2020). 

3.2 Effect of Adsorbent Dosage 

The influence of adsorbent dosage on phosphate removal, investigated across dosages ranging from 0.1 to 0.5 

g under constant conditions of 1 h contact time, agitation rate of 300 rpm at room temperature, and at pH 6, is 

illustrated in Figure 2. 

Results indicate that for ACB, as shown in Figure 2a, the highest removal efficiency of phosphate (40.24 %) is 

achieved with a dosage of 0.5 g. At a 95 % confidence level, there is a significant enhancement in phosphate 

removal as the dosage increases. This improvement is primarily due to the greater surface area and increased 

number of sorption sites provided by higher adsorbent dosages, which effectively enhances phosphate 

adsorption. This trend aligns with findings reported by Ouakouak and Youcef (2016). 

 

(b) (c) (d) (a) 
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 Figure 2: Effect of adsorbent dosage on the % phosphate removal of ACB (a) and ACB-C (b)  

The results for ACB-C, depicted in Figure 2b, similarly indicated that the highest phosphate removal was 

achieved with 0.5 g of ACB-C, reaching 92.83 %. Similar pattern was also observed that there is a significant 

increase of phosphate removal as the dosage increases at 95 % confidence level. Notably, the impregnation 

treatment, incorporating Ca2+ into the adsorbent, resulted in a remarkable enhancement in phosphate removal 

efficiency compared to unmodified activated carbon. This improvement is attributed to the binding of phosphate 

ions to Ca2+ions, utilizing metal-ligand interactions to augment adsorption efficiency as elucidated in the study 

conducted by Mitrogiannis et al. (2017). Modifying the surface of activated carbon with metal cations increases 

phosphate removal. The likely mechanism of phosphate ions onto the surface of the adsorbent involves not only 

ion interaction, which entails interactions between hydrogen ions and phosphate anions, but also ligand-metal 

interaction, which entails interactions between calcium ions and phosphate. 

3.3 Effect of pH 

The effect of pH on the removal of phosphate was observed from pH 6 to 10 using 0.5 g of ACB and ACB-C is 

summarized in Figure 3. 

Figure 3: Effect of pH on the % phosphate removal of ACB (a) and ACB-C (b) (Conditions: adsorbent dosage = 

0.5 g, contact time = 1 h, stirring rate = 300 rpm) 

The highest percent removal for ACB is 41.58 % at pH 6. At 95 % confidence level, there is a significant decrease 

in phosphate removed after pH 6 as shown in Figure 3a. Under acidic conditions, the hydrogen ions (H+) in the 

solution competes with the sorption sites of the adsorbent. There is probably an electrostatic attraction between 

H2PO4
- and H+. Whereas, under basic conditions, the hydroxide ions (OH-) occupy the sorption sites of ACB. 

Since HPO4
2- is also an anion, electrostatic repulsion and competition occurs between these ions for the 

adsorption sites of ACB. This would possibly explain why pH 10 has a lowest percent phosphate removal. Similar 

results were confirmed in the study of Ouakouak and Youcef (2016), where the maximum removal of phosphate 

ions occurred at pH 2 and the adsorption efficiencies decrease with increasing pH at pH ranging from 2 to 10. 

As pH decreases, more H+ ions attract phosphate ions through electrostatic attraction. But in basic pH, more 

negative charges on the surface hinder phosphate ion removal because of electrostatic repulsion. 

Results for ACB-C, as depicted in Figure 3b, showed that the highest percent removal is 96.42 % at pH 8. At 

95 % confidence level, the percent removal is significantly different at different pH. Under acidic conditions, 

(a) (b) 

(a) (b) 
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some H+ occupy the sorption sites of ACB-C, which H2PO4
- then binds to the cations on the adsorbent. Due to 

the presence of Ca2+, there is a competition between the cations in the solution which makes phosphates bind 

to the excess H+ instead of the adsorbent surface. Moreover, H2PO4
- favors interaction with H+ than with Ca2+ 

because of their valency. Under basic conditions, there is an electrostatic repulsion between OH- ions and 

HPO4
2- in the solution. While the repulsion is not favorable for adsorption, Ca2+ plays a vital role in the adsorption 

process by strong chemical interaction. HPO4
2- binds with Ca2+ of the adsorbent and there is a strong attraction 

between them. 

3.4 Adsorption Kinetics 

The kinetics of adsorption processes are often described using two common models: the pseudo first-order and 

pseudo second-order models. The pseudo first-order model suggests that the adsorption process involves 

physical adsorption, and the pseudo second-order model proposes that the adsorption process is driven by 

chemical adsorption. Experimental data can be graphed to assess which model offers a superior fit for the kinetic 

model. A higher R2 value associated with a model indicates a closer fit to the data and is generally regarded as 

more favorable for describing the kinetics of the process. 

The kinetics data, as presented in Table 1, demonstrate that the pseudo-second order model provides the most 

accurate fit for the adsorption of phosphate using ACB and ACB-C, indicating chemisorption as the predominant 

mechanism. The chemisorption happened because of electrostatic attraction between phosphate and 

impregnated calcium ions on the surface of the adsorbent. 

Table 1: Rate Constants of Pseudo-first Order and Pseudo-second Order Kinetic Model for ACB and ACB-C 

ACB   ACB-C  

Co (mg/L) Pseudo-first order  
model 
 

Pseudo-second order  
model 
 

Pseudo-first order  
model 

Pseudo-second order 
model 

 k1 (min-1) R2 k2 (g/mg-min-1) R2 k1 (min-1) R2 k2 (g/mg-min-1) R2 
2.1 -0.0009 0.8651 0.2579 0.9901 -0.0015 0.8738 0.4092 0.9984 
4.0 -0.0006 0.8780 0.1054 0.9870 -0.0006 0.9266 0.2472 0.9984 
6.2 -0.0007 0.9059 0.0772 0.9920 -0.0004 0.8130 0.2523 0.9967 
7.9 -0.0005 0.8601 0.0664 0.9964 -0.0002 0.7147 0.2681 0.9998 
10.2 -0.0005 0.8738 0.0472 0.9944 -0.0003 0.7748 0.1620 0.9999 

3.5 Adsorption Isotherms 

Adsorption isotherms are used to relate adsorbent to its adsorbate when it reaches equilibrium. The Langmuir 

Isotherm Model and the Freundlich Isotherm Model are both widely used to describe the relationship between 

the amount of adsorbate adsorbed onto the surface of the adsorbent and the amount of the adsorbate remaining 

in the solution.  

Langmuir isotherm assumes a monolayer adsorption with a homogeneous surface. The Freundlich model, on 

the other hand, suggests that multilayer adsorption takes place on heterogeneous surfaces, where adsorption 

sites possess different energy levels. When comparing the R2 values obtained for both models, the model with 

a higher R2 value indicates a better fit to the experimental data and is considered more favorable as an isotherm 

model. 

The adsorption of phosphate onto unmodified activated carbon derived from saba banana peels was notably 

well described by the Langmuir model, evidenced by a significantly higher coefficient of determination (R2) value 

of 0.9909, as compared to the Freundlich model, which yielded an R2 value of 0.9833, as indicated in Table 2. 

Table 2: Adsorption isotherm constants for ACB  

Isotherm Model Parameter Constant Isotherm Model Parameter Constant 

Langmuir qmax 29.4985 Freundlich Kf 0.4419 
 KL 0.0150  1/n 0.9611 
 RL 0.9694  R2 0.9833 
 R2 0.9909    

Adsorption on ACB follows a monolayer adsorption where all adsorbates form a single molecular layer around 

the surface of the adsorbent. There is no interaction between the adsorbed molecules on the other sites that 

are in proximity and all adsorption sites of ACB are homogeneous (Ashfaq et. al., 2020). 
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4. Conclusions

This study shows that activated carbon derived from saba banana peel impregnated with Ca2+ from chicken 

eggshells is an effective and low-cost adsorbent for the removal of phosphates from aqueous solution. The 

highest phosphate removal efficiency of 96.42 % was achieved at 0.5 g adsorbent dosage of ACB-C, pH 8, 

contact time of 1 h and stirring rate of 300 rpm. The mechanism of adsorption on both ACs was controlled by 

the electrostatic interaction and ion exchange reaction between phosphate anions and the adsorbent. ACB-C 

has greater adsorption performance than ACB due to the enhanced interaction of Ca2+ on the surface and the 

adsorbate, aside from the sorption sites that were already present on the adsorbent. The adsorption of 

phosphate onto ACB followed the Langmuir isotherm. The adsorption process onto ACB and ACB-C obeyed 

the pseudo-second order kinetic model.  
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