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Abstract 
 
Adsorption is widely used in wastewater treatment due to its ease of operation and 

relatively low operational cost. Wastes from agricultural or food industrial sector have 

been idealized as a sustainable solution in the synthesis of adsorbent for this purpose. 

Magnetized adsorbents are gradually gaining attention since the hassle of further 

purification following the adsorption process can be avoided compared to the 

conventional adsorbents. In the present study, the potential of magnetized papaya 

seeds (MPS) to adsorb dye is investigated as a replacement to other adsorbents. The 

removal of methylene blue (MB) from aqueous solution using MPS was conducted. It 

was found that 80.47 % removal of MB could be achieved by MPS. The adsorption 

performance of MPS was further investigated under the effects of different parameters, 

which were pH of solution (2 – 12), adsorption temperature (25˚C – 65˚C), adsorbent 

dosage (0.25g – 1.25g), MB initial concentration (10 mg/L – 50mg/L) and contact time 

(30min – 180min). In terms of the adsorption isotherm, a comparison between the 

Langmuir, Freundlich and Temkin models was performed and the results revealed that 

the adsorption of MB onto MPS obeyed Langmuir adsorption isotherm model with the 

highest regression coefficient value (R2= 0.9983). With such exploratory approach, the 

findings in this research are beneficial to suggest MPS as an inexpensive adsorbent 

that is effective for MB dye removal in a more realistic adsorption system. 
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1 Introduction 
 

Effluents from textiles, dyeing, painting, and papermaking industries are commonly containing highly 

colored species. It is reported that approximately 10 – 15% of the dyes end up in industrial effluents 

during the manufacturing and processing operations [1]. Serving as colorants in these industrial 

processes, dyes reduce the oxygen content in water since colored wastewater prevents the penetration 

of sunlight for photosynthesis of aquatic plants, hence disturbing the aquatic ecosystem and lives. 

Besides, dyes are also extremely stable in aqueous form due to its complex structure and non-

biodegradability in nature [1]. Methylene blue (MB), a cationic dye is widely used in many industries 

such as food, paper, leather, plastics, cosmetics, and textiles for colouring purpose [2]. If the discharged 

coloured wastewater from these industries contains MB without proper wastewater treatment, it will 

cause many significant problems to the environment and human health. Therefore, the removal of such 

dye from wastewater prior to its discharge is of great interest based on both environmental and 

economical perspectives [3].  

Various approaches had been attempted to treat dye-containing wastewater. These include 

adsorption, coagulation and flocculation, advanced oxidation, microbial degradation, membrane 

filtration and liquid–liquid extraction [4]. Advantages and disadvantages of every removal technique 
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have been extensively reviewed in the literature. Scientists and environmentalists are still studying 

viable methods to treat dyes efficiently and economically. Adsorption is by far the most preferable 

method among all due to its ease of design, simple operation and resilience to toxic constituents. It is 

also possible to recover and reuse adsorbents after the pollutant removal, making the process more 

economically viable [5]. In common adsorption processes, activated carbon and synthetic resins are 

usually used to gain high removal efficiency. In recent years, a number of industrial inorganic wastes 

such as ash, or natural inorganic materials such as clay and zeolite, as well as living or non-living 

biomass have been extensively explored as cheap adsorbents capable of replacing the well-known, but 

more expensive ones [6-7]. 

Papaya seeds (PS) are abundantly found in Malaysia as crop wastes. Malaysia produces up to 

72,000 tonnes of papaya annually. The discarded portion of seeds is between 15 – 20% of its overall 

weight [8]. Since papaya is a local staple fruit in Malaysia, the wastes create increasing disposal and 

potentially severe environmental problems. In this context, papaya seeds can be converted to adsorbents 

in wastewater treatment which provide both economical and waste handling advantages [8]. Even with 

the recognized efficiency of adsorbents to remove potentially harmful dyes from wastewater, 

conventional filtration method employed is difficult to separate, retrieve and regenerate the used 

adsorbent and could even cause blockage of filter that may lead to the loss of adsorbents. Moreover, 

centrifugation for large-scale applications suffers from high power consumption that leads to economic 

concern [9]. Hence, it is very challenging to develop highly effective adsorbents with minimal cost to 

separate pollutants particularly MB from wastewater in a continuous flow system [10].  

In view of that, magnetic field assisted separation technology has gradually been improved to tackle 

these issues. Used magnetized adsorbents could potentially be recovered at once to produce clarified 

treated water after the water treatment processes. Its advantages in terms of convenience, economic 

feasibility and efficiency have been evidenced in many reports in the literature [10]. Magnetic 

adsorbents whereby the base adsorbents are embedded with magnetic particles (metal oxides) such as 

Co, Ni, Fe and Cu have gradually been explored recently [11]. In this study, the possibility of 

magnetizing papaya seeds to produce adsorbent that can be easily recovered from the treated solution 

by an external magnetic field was investigated. This research aims to reduce the hassle of filtration 

process and energy consumption associated with the centrifugation process in retrieving the used 

papaya seed adsorbent. The adsorption performance of magnetized papaya seed was also investigated 

under the effects of different adsorption parameters. Finally, the kinetic model for the prediction of MB 

removal using magnetically modified papaya seed was proposed. 

 

2 Methodology and Experiment Setup 

 

2.1 Preparation of the Papaya Seed 

 
Fully ripened and edible papaya fruits were bought from the night market at Taman Connaught, Cheras. 

The papaya seeds (PS) were removed from the fruit, washed with distilled water, oven dried at 85ºC for 

half an hour, before crushing and sieving to obtain uniform particle size between 350 and 450 μm. 

 

2.2 Preparation of Magnetized Papaya Seed (MPS) 
 

The procedures performed in the magnetization of PS were according to the report of Madrakian et al. 

[3]. Briefly, 5.2 g of FeSO4•7H2O and 7.4 g of FeCl3•6H2O were dissolved in 80 ml of distilled water 

with vigorous stirring. When the solution was heated to 80ºC, 20 ml of ammonium hydroxide (25%) 

was gradually added in.  Then, 10 g of PS was added to the solution and the reaction was allowed for 

one hour at 85ºC under constant stirring. Following that, the sample was cooled to room temperature 

and then repeatedly washed with distilled water and ethyl alcohol to remove the unreacted chemicals. 

The washed MPS was then dried in an oven at 60ºC for 10 hours and kept until further usage. 

 

 

 



Progress in Energy and Environment 

Volume 14 (2020) 1-12 

3 

 

2.3 Preparation of Methylene Blue 
 

Methylene Blue (MB) stock solution, without further purification, was prepared by dissolving 

accurately weighed samples of 0.25 g MB powder in 500 ml of distilled water. The desired MB 

concentrations in subsequent experiments were prepared by further diluting the stock solutions with 

suitable volumes of distilled water [13]. 

 

2.4 Adsorption of Methylene Blue Using Magnetized Papaya Seed 
 

The adsorption process was carried out by adding 2.0 g of MPS into a 250 ml Erlenmeyer flask 

containing 100 mg/L MB solution without changing the solution pH [14]. Subsequently, the flask was 

placed on a rotary shaker at a pre-set speed of 300 rpm for 2 hours at 30°C. Upon completion, the flask 

was removed from the shaker, and the used adsorbent (MPS) was separated from the treated solution 

using an external magnet [15]. The final concentration of MB dye in the solution was analysed by a 

double beam UV-vis spectrophotometer (Hitashi U2900) at the wavelength of 673 nm [12]. The MB 

removal percentage was computed using Eq. (1): 

MB removal percentage (%) = 0

0

tC C

C


           (1) 

where, Co was the initial concentration of MB and Ct was the concentration of MB after the adsorption 

process. 

 

2.5 Effects of Adsorption Parameters on Methylene Blue Removal 
 

The effects of five different adsorption parameters on the MB removal using MPS were investigated. 

These parameters included solution pH, adsorption temperature, adsorbent dosage, initial concentration 

of MB and contact time. The adsorption efficiency of MPS under the influence of different adsorption 

parameters was calculated by determining the removal percentage (Eq. 1) as well as the amount of MB 

adsorbed per unit mass of MPS (Qe) according to Eq. (2). 

 0

e

0

Q
eC C V

W


              (2) 

where, Co was the initial concentration of MB, Ce was the equilibrium concentration of MB, V was the 

volume of the solution, and W was the mass of MPS used. 

 

2.5.1 Effect of Solution pH 

 

The MB adsorption process was conducted as described in Section 2.4, with the exception that the 

solution pH was varied across pH 2, 4, 6, 8 and 10. The adjustment of pH was performed using 0.1 M 

HCl or 0.1 M NaOH accordingly. The adsorption process was performed for 3 hours and the MB 

concentration in the solution was measured by a double beam UV–vis spectrophotometer at 673 nm at 

the intervals of 30 minutes for every solution pH. The percentage removal of MB from aqueous solution 

of different pH was then calculated and compared. 

 

2.5.2 Effect of the Adsorption Temperature 

 

The MB adsorption process was conducted as described in Section 2.4, with the exception that the 

adsorption temperature was manipulated to identify its effects towards the MPS adsorption efficiency. 

The MB solution temperature was varied from 25˚C, 35˚C, 45˚C, 55˚C to 65˚C for the adsorption 

process. The pH was fixed at 8 and the adsorption process was conducted for 2 hours. The MB 

concentration in the solution was measured by a double beam UV–vis spectrophotometer at 673 nm 
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every 20 minutes for each adsorption temperature. The percentage removal of MB from aqueous 

solution of different temperature was then calculated and compared. 

 

2.5.3 Effect of Adsorbent Dosage 

 

The adsorption process was performed as described in Section 2.4, with the exception that different 

amount of MPS ranging from 0.25 g, 0.5 g, 0.75 g, 1.0 g to 1.25 g was used. The pH was fixed at 8 and 

the adsorption process was conducted for 2 hours at 25°C. The MB concentration in the solution was 

measured every 20 minutes by a double beam UV–vis spectrophotometer at 673 nm for each adsorbent 

dosage. The percentage removal of MB from aqueous solution of different MPS dosage was then 

calculated and compared. 

 

2.5.4 Effect of Methylene Blue Initial Concentration and Contact Time 

 

The adsorption process was performed as described in Section 2.4, with the exception that the 

experiments were repeated at different MB concentrations of 10 mg/L, 20 mg/L, 30 mg/L, 40 mg/L and 

50 mg/L for 3 hours using 0.25 g of MPS. The pH was fixed at 8 and the adsorption process was 

conducted at 25°C. The MB concentration in the solution was measured by a double beam UV–vis 

spectrophotometer at 673 nm at the intervals of 30 minutes for every initial concentration studied. 

 

2.6 Adsorption Isotherms 

  

In this study, three parametric kinetic models namely Langmuir, Freundlich, and Temkin models were 

used to analyse the experimental data of MB removal percentages. Results from the experimental runs 

were fitted into the linearized equation of Langmuir, Freundlich and Temkin isotherms as listed in Table 

1. The graph of every isotherm was constructed accordingly. The best fit isotherm was determined based 

on the highest correlation coefficients, R2. The model parameters of each isotherm were calculated by 

linear regression method. 

 

Table 1 Linearized equation for Langmuir, Freundlich and Temkin isotherm. 

Isotherms Equation Linearized Equation 

Langmuir 
1

m e
e

L e

q KC
q
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Freundlich 
1/n
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Temkin  lnT
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In Table 1, Ce is the equilibrium concentration of adsorbate (mg/L); qe is the adsorption capacity at 

equilibrium (mg/g); KL is the Langmuir constant related to the affinity of the binding sites (L/mg); qm 

is the maximum amount of adsorbed MB per gram of adsorbent (mg/g); KF is the Freundlich isotherm 

constant (mg/g); n is the adsorption intensity under different experimental conditions; 1/n is the 

heterogeneity of the sorption sites and an indicator of isotherm nonlinearity; AT is the Tempkin isotherm 

equilibrium binding constant (L/mg); bT is the Tempkin isotherm constant; R is the universal gas 

constant (8.314 J/mol/K); T is the absolute temperature (K); and BT is the constant related to heat of 

sorption (J/mol). 
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3 Results and Discussion 
 

3.1 Adsorption of Methylene Blue using Magnetized Papaya Seeds 
 

A preliminary MB adsorption process was performed to evaluate the feasibility of magnetizing papaya 

seeds for the application of methylene blue removal from aqueous solution. It was observed that the 

used MPS adsorbent that was initially suspended and dispersed in the treated MB solution was 

successfully separated to a side (red circle) by using an external magnet after the adsorption process 

(Fig 1). 

 

       

        (a)            (b) 

Fig. 1 The treated MB solution after adsorption process (a) with suspended MPS; (b) MPS 

separated to a side by using an external magnet. 

 

The colour of the treated MB using MPS became light blue at the end of the experiment, which 

evidenced the effectiveness of MPS to remove MB from the aqueous solution. Based on calculation as 

depicted in Eq. 1, the MB removal was recorded as 80.47 %. This high percentage removal achieved 

could be correlated to the favourable electrostatic interactions between the positively charged MB dye 

molecule and the oppositely charged MPS surface. Lignocellulosic plant materials such as papaya seeds 

contained many negatively charged surface sites, which included the hydroxyl and carboxyl groups on 

the cellulose fibres and those in proteins and phenolic compounds [16-17]. Therefore papaya seed was 

proven to reduce or mitigate MB dye as a result of its chemical composition.  

Magnetization technology offered the advantage in which the used biosorbent could be separated 

from the treated aqueous solution using an external magnet easily. Agro-industrial wastes of defective 

green coffee (DGC), coffee silverskin (CS) and spent coffee grounds (SCG) were possible to be 

transformed into low-cost magnetic adsorbents for the removal of cationic MB dye from aqueous 

solution and were easily recovered from the solution by a permanent magnet [18]. In addition to that, 

magnetically modified activated carbon had also been reported to show considerable potential for the 

removal of Crystal Violet and the magnetic adsorbent could be simply removed from treated solution 

by using magnet or appropriate magnetic separator after adsorption process [19]. Therefore, in terms of 

the recovery of used adsorbents after adsorption process, magnetization treatment showed that it 

possessed the practical potential to overcome the difficulty of separating them from wastewater in a 

continuous flow system, which was always faced by the conventional adsorption treatment. In this study, 

it was observed that magnetization of papaya seeds to be utilized as MB removal adsorbent is a feasible 

approach in easing the subsequent separation process. 
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3.2 Effects of Adsorption Parameters on Methylene Blue Removal 
 

3.2.1 Effect of Solution pH 

 

In the present study, the effect of solution pH on the adsorption of MB is presented in Fig 2 over the 

pH range of 2 to 10 for initial MB concentration 10 mg/L at 25˚C. It was clearly observed that the 

removal of the MB dye from aqueous solution increased significantly as the pH was increased from 2 

to 10. The cationic MB dyes produced positively charged ions when dissolved in water. Thus, in acidic 

mediums (lower pH), there was the possibility that positive charges were induced on the MPS surface 

and hence opposed the adsorption of cationic dyes [20]. On the other hand, as the pH of MB solution 

was increased, the adsorbent surface was slowly becoming negatively charged, resulting in the 

enhancement of MB adsorption due to an increase in the electrostatic attraction between the negatively 

charged MPS and positively charged MB dye. Based on Fig 2, the lower adsorption of MB at acidic pH 

could be also due to the presence of excess H+ ions competing with dye cations for the available 

adsorption sites on MPS [21]. Therefore, basic conditions were found to be more favorable for the 

adsorption of MB from aqueous solution using MPS. In fact, the influence of solution pH towards the 

efficiency of MPS in the removal of MB was evidenced since the beginning of the process whereby a 

significant difference was noted in terms of the removal percentage as early as 30 minutes. Subsequently, 

it was observed that the improvement in the removal efficiency was not more than 10 % for each 

solution pH though the adsorption process was prolonged up to 180 minutes. 

 

 

Fig. 2 The effect of pH on the removal of MB using MPS. 

 

3.2.2 Effect of Adsorption Temperature 

 

The effects of temperature variation on the adsorption rate of 10 mg/L MB were investigated within the 

range of 25˚C to 65˚C. The results are presented in Fig 3. Based on adsorption results, it was apparent 

that as the adsorption temperature was increased from 25˚C to 65˚C, the highest percentage removal of 

MB on papaya seeds was attained at the temperature of 55˚C with 81.59 % MB removal. Generally, in 

adsorption process, increasing the temperature increases the rate of diffusion of the adsorbate molecules 

across the external boundary layer and in the internal pores of the adsorbent particle as solution viscosity 

drops [22]. The increase of the adsorption efficiency and adsorption capacity at elevated temperature 

indicated that the adsorption of MB molecules onto MPS was endothermic in nature. Hence, in this 

study, increasing the temperature may produce a swelling effect within the internal structure of the MPS 

enabling MB dye particles to penetrate further and also due to enlargement of pore size or creation of 
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some new active sites on the MPS surface due to rupture of bond. Mouni et al. [22] also suggested that 

this phenomenon may be due to a change in chemical potentials, correlated with adsorbate species 

solubility. However, based on Fig 3, it was found that there was a drop in the removal percentage of 

MB when the adsorption temperature was further increased to 65˚C. This could be due to the fact that 

temperature beyond 55˚C led to denature of the structure of papaya seeds and resulted in the weaker 

capability to adsorb the MB dyes. Another plausible explanation given by Bhaumik et al. [23] was that 

the reduction of removal percentages may be due to thinning of the boundary layer at higher 

temperatures. There was also higher tendency of the MB molecules to escape from the MPS surface to 

the solution phase, which resulted in a decrease in the adsorption capacity.  

 

 

 
Fig. 3 The effect of temperature on the removal of MB using MPS. 

 

3.2.3 Effects of Adsorbent Dosage 

 

In this study, the effect of adsorbent dosage on the adsorption of MB was studied over different amount 

of MPS used that ranged from 0.25 g to 1.25 g. The MB removal percentage profile is depicted in Fig 

4. The MB removal percentage increased but remained almost constant, i.e. 2 % difference with the 

increase in the amount of MPS adsorbent beyond 1.0 g at the end of the adsorption process. Increase in 

the MB removal percentage with increasing adsorbent dosage using MPS was due to the split in the 

flux or the concentration gradient between MB concentration in the solution and the MB concentration 

on the surface of MPS. Umoren et al. [29] explained that the reason being the increment of adsorbate 

removal percentage on increasing adsorbent dosage was due to greater availability of the exchangeable 

sites or surface area at a higher concentration of the adsorbent. According to Kiew and Toong [5], 

increase in the amount of adsorbent leads to a substantial availability of active sites. However, at a point 

of saturation, the removal efficiency of the adsorbent will become steady and even start to decrease 

when the dosage is further increased beyond that. This phenomenon is contributed by the presence of 

adsorbent in excess that will in turn block the active sites, thus, reducing the total surface area of binding. 

In this study, the reduction of MPS adsorption efficiency however was not observed up to 1.25 g, but 

the MB removal rate increased insignificantly with further top-up of the MPS dosage beyond 1.0 g. 

 

3.2.4 Effect of Methylene Blue Initial Concentration and Contact Time 

  

The effect of MB initial concentration was examined in the range of 10 mg/L to 50 mg/L with 0.25 g 

MPS at 25˚C. The adsorption of MB on MPS was also studied as a function of contact time in order to 

identify the equilibrium time for the maximum adsorption efficiency. The effect of MB initial 

concentration with different adsorption time on the removal percentage is presented in Fig 5.  
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It was observed that the final MB percentage removal decreased with increasing initial concentration 

of MB solution. According to Bouaziz et al. [24], high removal percentage at lower dye concentration 

was observed due to the presence of high ratio of adsorbent sites to the dye molecules while the removal 

percentage decreased significantly at higher concentration of MB due to full occupation of the MPS 

pores on its surfaces. Subsequently, Marrakchi et al. [25] pointed out that with high dye concentration, 

the excess dye molecules in the adsorption system could not fully come in contact with the adsorbents. 

Dod et al. [26] and Ghosh and Reddy [27] also highlighted that although percentage removal decreased 

with an increase in the initial concentration, the dye uptake per unit weight of the adsorbent was found 

to increase with an increase in the initial dye concentration in all cases. This explanation was supported 

by Subramaniam and Ponnusamy [28] that the increase in initial dye concentration enhanced the 

interaction between MB and adsorbent molecules, thereby leading to more MB uptake by adsorbent 

molecules. The positive correlation in Fig 5 indicated the percentage removal of MB for all initial 

concentrations increased rapidly in the first 120 minutes and then gradually until the equilibrium was 

achieved. 

 

 
Fig 4. The effect of adsorbent dosage on the removal of MB using MPS. 

 

 

 
Fig. 5 The effect of MB initial concentration and contact on the removal of MB using MPS. 
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3.3 Adsorption Isotherm 
 

Fig 6 shows Langmuir, Freundlich and Temkin adsorption isotherm models of the magnetized papaya 

seeds adsorbent by linear regression analysis. Table 2 summarizes the parameters of each isotherm and 

their correlation coefficients (R2). Based on the correlation value, Langmuir isotherm fitted the 

experiment data the best with R2=0.9983 while Temkin fitted the least with R2=0.9782. 

Based on the plot linearity as shown in Fig 6, the Langmuir isotherm showed the best fit to the 

experimental data compared to Freundlich and Temkin models. Thus, the applicability of the Langmuir 

isotherm suggested that the adsorption of MB molecules on surface of the MPS was a monolayer 

adsorption over a homogenous surface. It also confirmed that adsorption of each molecule had equal 

activation energy and that sorbate–sorbate interaction was negligible. In addition, the essential 

characteristic of the Langmuir isotherm can be expressed in terms of a widely used dimensionless factor 

known as the equilibrium parameter (RL), or the separation factor [27,30]. The RL factor can be 

calculated by the following expression:  

L

1
R

iKC
               (3) 

where k (in liters per milligram) was the Langmuir bonding energy coefficient, and Ci was the highest 

initial dye concentration (in milligrams per liter). According to Webber and Chakkravorti [31], the value 

of RL indicated the feasibility of dye adsorption, in which the process was regarded as unfavorable when 

RL>1, linear when RL=1, favorable if 0<RL<1, or irreversible when RL=0. In this study, RL value 

calculated from the MB adsorption on MPS was found to be 0.2085, which fell into the range of 

favorable adsorption system. The maximum adsorption capacity, qm of MPS towards the removal of 

MB in this study was determined to be 120.48 mg/g which was higher than other potential biosorbents 

that included fennel seed at 18.24 mg/g [32], acid-treated sago wastes at 36.8 mg/g [33] and masau 

stone at 65.1 mg/mg [34]. The performance is also comparable with the recently reported modified 

pyrolytic sludge at 149.05 mg/g [35] and modified Kaolin at 111.11 mg/g [36]. 

 

Table 2 Langmuir, Freundlich, and Temkin model parameters for MB adsorption on MPS. 

Adsorption Isotherm Model Langmuir Freundlich Temkin 

R2 0.9983 0.9949 0.9782 

 

4 Conclusion 
 

The results of this study suggested that waste papaya seed, with its low cost and abundant availability 

has a potential to be used as an adsorbent for MB in wastewater. It was evidenced that the MPS could 

be easily recovered from the treated solution by an external magnetic field. Due to its paramount 

characteristic of short recovery time for the used adsorbent, magnetism technology was considered as 

a viable solution to replace the conventional filtration process and centrifugation in solid-liquid 

separation. Subsequently, various parameters were varied in the MB adsorption process, showing 

consistent trend between the adsorption performance of MPS with other conventional adsorbents. The 

adsorption results were also fitted into the isotherm equations of Langmuir, Freundlich and Temkin. 

The result demonstrated that this adsorption process was best fitted to the Langmuir isotherm. With the 

promising outcomes obtained in this study, further characterization study can be performed to 

investigate the changes in terms of physical surface morphologies and chemical functional groups 

following the magnetized modification on papaya seed to further correlate its adsorption performance 

to the magnetization process. The possibility of regenerating the used MPS can also be further explored. 
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(a) (b) 

 

 
(c) 

 

Fig. 6 Linear fitting plots (a) Langmuir, (b) Freundlich and (c) Temkin isotherms model for 

adsorption process. 

 

 

References 

 
[1] V. K. Gupta, Suhas, Application of low-cost adsorbents for dye removal – A review, J. Environ. Manage. 

90 (2009) 2313–2342. doi:10.1016/j.jenvman.2008.11.017.     

[2] M. Arami, N. Y. Limaee, N. M. Mahmoodi, N. S. Tabrizi, Removal of dyes from colored textile 

wastewater by orange peel adsorbent: Equilibrium and kinetic studies, J. Colloid Interface Sci. 288 (2005) 

371–376. doi:10.1016/j.jcis.2005.03.020. 

[3] T. Madrakian, A. Afkhami, M. Ahmadi, Adsorption and kinetic studies of seven different organic dyes 

onto magnetite nanoparticles loaded tea waste and removal of them from wastewater samples, 

Spectrochim Acta A Mol. Biomol. Spectrosc. 99 (2012) 102–109. doi: 10.1016/j.saa.2012.09.025. 

[4] K. H. Chong, P. L.  Kiew, Potential of banana peels as bio-flocculant for water clarification, Progress 

Energ. Environ. 1 (2017) 47–56. 

[5] P. L. Kiew, J. F.  Toong, Screening of significant parameters affecting Zn (II) adsorption by chemically 

treated watermelon rind, Progress Energ. Environ 6 (2018) 19–32. 

[6] D. H. Park, Y. S. Yun, J. M. Park, The past, present, and future trends of biosorption, Biotechnol. Bioproc. 

Eng. 15 (2010) 86– 02. doi: 10.1007/s12257-009-0199-4. 

[7] P. L. Kiew, K. Sivalingam, Simultaneous removal of copper and fluoride from wastewater by adsorption 

using chicken eggshell, Int. J. Innov. Technol. Exploring Eng. 8 (2019) 150 –156.  

[8] B. Hameed, Evaluation of papaya seeds as a novel non-conventional low-cost adsorbent for removal of 

methylene blue, J. Hazard. Mater. 162 (2009) 939–944. doi: 10.1016/j.jhazmat.2008.05.120. 

[9] A. Ahmadi, S. Heidarzadeh, A. R. Mokhtari, E. Darezereshki, H. A. Harouni, Optimization of heavy 

metal removal from aqueous solutions by maghemite (γ-Fe2O3) nanoparticles using response surface 

methodology, J. Geochem. Explor. 147 (2014) 151–158. doi: 10.1016/j.gexplo.2014.10.005. 



Progress in Energy and Environment 

Volume 14 (2020) 1-12 

11 

 

[10] D. Mehta, S. Mazumdar, S. K. Singh, Magnetic adsorbents for the treatment of water/wastewater - A 

review, J. Water Process Eng. 7 (2015) 244–265. doi: 10.1016/j.jwpe.2015.07.001. 

[11] O. Philippova, A. Barabanova, V. Molchanov, A. Khokhlov, Magnetic polymer beads: Recent trends and 

developments in synthetic design and applications, Eur. Polym. J. 47 (2011) 542–559. doi: 

10.1016/j.eurpolymj.2010.11.006.  

[12] F. Kallel, F. Chaari, F. Bouaziz, F. Bettaieb, R. Ghorbel, S. E. Chaabouni, Sorption and desorption 

characteristics for the removal of a toxic dye, methylene blue from aqueous solution by a low cost 

agricultural by-product, J.  Mol. Liq. (2016) 279–288. doi: 10.1016/j.molliq.2016.03.024. 

[13] S. Marković, A. Stanković, A. Lopičić, S. Lazarević, M. Stojanović, D. Uskoković, Application of raw 

peach shell particles for removal of methylene blue, J. Enviro. Chem. Eng. 3 (2015) 716–724. doi: 

10.1016/j.jece.2015.04.002. 

[14] N. Nasuha, B. H. Hameed, Adsorption of methylene blue from aqueous solution onto NaOH-modified 

rejected tea, Chem. Eng. J. 166 (2011) 783–786. doi: doi.org/10.1016/j.cej.2010.11.012. 

[15] L. Fan, C. Luo, M. Sun, X. Li, F. Lu, H. Qiu, Preparation of novel magnetic chitosan/graphene oxide 

composite as effective adsorbents toward methylene blue, Bioresour. Technol. 114 (2012) 703–706. doi: 

doi.org/10.1016/j.biortech.2012.02.067.  

[16] P. Lindholm-Lehto, Biosorption of heavy metals by lignocellulosic biomass and chemical analysis, 

BioRes. 14 (2019) 4952–4995. 

[17] J. N. Egila, B. E. Dauda, Y. A. Iyaka, T. Jimoh, Agricultural waste as a low cost adsorbent for heavy 

metal removal from wastewater, Int. J. Phys. Sci. 6 (2011) 1–5. doi: 10.5897/IJPS10.251. 

[18] A. Zuorro, R. Lavecchia, S. Natali, Magnetically modified agro-industrial wastes as efficient and easily 

recoverable adsorbents for water treatment, J. Italian Assoc. Chem. Eng. 38 (2014) 349–354. doi: 

10.3303/CET1438059. 

[19] S. Hamidzadeh, M. Torabbeigi, S. J. Shahtaheri, Removal of crystal violet from water by magnetically 

modified activated carbon and nanomagnetic iron oxide, J. Environ. Health Sci. Eng. 13 (2015): 1–7. doi: 

10.1186/s40201-015-0156-4. 

[20] M. Peydayesh, A. Rahbar-Kelishami, Adsorption of methylene blue onto Platanus orientalis leaf powder: 

Kinetic, equilibrium and thermodynamic studies, J. Ind. Eng. Chem. 21 (2015) 1014–1019. doi: 

10.1016/j.jiec.2014.05.010. 

[21] D. Bendaho, A. Tabet, B. Djillali, Removal of cationic dye methylene blue from aqueous solution by 

adsorption on Algerian clay, Int. J. Waste Resources 99 (2015) 8441–8444. doi: 10.4303/2252-

5211.1000175. 

[22] L. Mouni, L. Belkhiri, J. C. Bollinger, A. Bouzaza, A. Assadi, A. Tirri, H. Remini, Removal of methylene 

blue from aqueous solutions by adsorption on Kaolin: Kinetic and equilibrium studies, Appl. Clay Sci. 

153 (2018) 38–45. doi: 10.1016/j.clay.2017.11.034. 

[23] R. Bhaumik, N. Kumar, Optimizing adsorption of fluoride from water by modified banana peel dust 

using response surface modelling approach, Appl. Water Sci. (2016) 115–135. doi: 10.1007/s13201-014-

0211-9. 

[24] F. Bouaziz, M. Koubaa, F. Kallel, F. Chaari, D. Driss,  R. E. Ghorbel, S. E. Chaabouni, Efficiency of 

almond gum as a lowcost adsorbent for methylene blue dye removal from aqueous solutions, Ind. Crop. 

Prod. 74 (2015) 903–911. doi: 10.1016/j.indcrop.2015.06.007. 

[25] F. Marrakchi, M. Bouaziz, B. H. Hameed, Adsorption of acid blue 29 and methylene blue on mesoporous 

K2CO3-activated olive pomace boiler ash, Colloids Surf. A Physicochem. Eng. Asp. 535 (2017) 157–

165. doi: 10.1016/j.colsurfa.2017.09.014. 

[26] R. Dod, G. Banerjee, S. Saini, Adsorption of methylene blue using green pea peels (Pisum sativum): A 

cost-effective option for dye-based wastewater treatment, Biotechnol. Bioproc. Eng. 17 (2012) 862–874. 

doi: 10.1007/s12257-011-0614-5. 

[27] R. K. Ghosh, D. D. Reddy, Tobacco stem ash as an adsorbent for removal of methylene blue from 

aqueous solution, Equilibrium, kinetics, and mechanism of adsorption, Water Air Soil Poll. 224 (2013) 

1582. doi: 10.1007/s11270-013-1582-5. 

[28] R. Subramaniam, S. Kumar, Novel adsorbent from agricultural waste (Cashew Nut Shell ) for methylene 

blue dye removal : Optimization by response surface methodology, Water Resour. Ind. 11 (2015) 64–70. 

doi: 10.1016/j.wri.2015.07.002. 



Progress in Energy and Environment 

Volume 14 (2020) 1-12 

12 

 

[29] S. A. Umoren, U. J. Etim, A. U. Israel, Adsorption of methylene blue from industrial effluent using poly 

(vinyl alcohol), J. Mater. Environ. Sci. 4 (2013) 75–86.  

[30] M. C. Somasekhara Reddy, L. Sivaramakrishna, A. Varada Reddy, The use of an agricultural waste 

material, Jujuba seeds for the removal of anionic dye (Congo red) from aqueous medium, J. Hazard. 

Mater. 203–204 (2012) 118–127. doi: 10.1016/j.jhazmat.2011.11.083. 

[31] Y. H. Weber, R. K. Chakkravorti, Pore and solid diffusion models for fixed bed adsorbers, AIChE J. 20 

(1974) 228–238. doi: 10.1002/aic.690200204. 

[32] T. K. Hussein, N. A. Jasim, Removal of crystal violet and methylene blue from synthetic industrial 

wastewater using fennel seed as an adsorbent, J. Eng. Sci. Technol. 14 (2019) 2947– 2963. 

[33] J. O. Amode, J. H. Santos, Z. Md. Alam, A. H. Mirza, C. M. Chan, Adsorption of methylene blue from 

aqueous solution using untreated and treated (Metroxylon spp.) waste adsorbent: Equilibrium and 

kinetics studies, Int. J. Ind. Chem. 7 (2016), 333–345. doi: 10.1007/s40090-016-0085-9. 

[34] A. B. Albadarin, M. Charara, B. J. Tarboush, M. N. M. Ahmad, T. A. Kurniawan, M. Naushad, G. M. 

Walker, M. Chirangano, Mechanism analysis of tartrazine biosorption onto masau stones; a low cost by-

product from semi-arid regions, J. Mol. Liq. 242 (2017) 478–483. doi: 10.1016/j.molliq.2017.07.045. 

[35] T. Chen, B. Yan, D. M. Xu, L. L. Li, Enhanced adsorption performance of methylene blue from aqueous 

solutions onto modified adsorbents prepared from sewage sludge, Water Sci. Technol. 78 (2018) 803–

813. doi: 10.2166/wst.2018.351. 

[36] A. Boukhemkhem, K. Rida, Improvement adsorption capacity of methylene blue onto modified Tamazert 

kaolin, Adsorpt. Sci. Technol. 35 (2017) 753–773. doi: 10.1177/0263617416684835. 

 


