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ABSTRACT 19 

The current study determined the potential of chemical modified banana blossom peels (BBP) as an adsorbent for 20 

the removal of manganese (Mn) from water. The BBP adsorbent was characterized using Field Emission Scanning 21 

Electron Microscopy (FESEM), Fourier Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction (XRD) and 22 

Brunauer-Emmet Teller (BET). The effects of the solution pH, adsorbent dosage, initial manganese concentration 23 

and contact time towards the adsorption process were evaluated in batch adsorption studies. FESEM analysis 24 

displayed a deeper dents and rough internal surface that cater for deposition of Mn, while EDX analysis detected 25 

the presence of C, O, and Na elements (before adsorption); C, O and Mn (after adsorption). FTIR analysis revealed 26 

presence hydroxyl, carboxylic and amino groups which are responsible for the adsorption process. Moreover, 27 

XRD analysis showed that the structure of the BBP adsorbent is amorphous. The BET surface area of BBP 28 

adsorbent was 2.12 m2/g with the total pore volume of 0.0139 cm3/g and average pore diameter of 64.35 nm. The 29 

BBP adsorbent showed promising results of 98% Mn removal at optimum condition of pH 7, 0.5 g (adsorbent 30 

dosage), 10 mg/L of Mn initial concentration in 150 min contact time. Adsorption isotherm data were fitted with 31 

linear Langmuir and linear Freundlich model best fit with R2 > 0.98, while the adsorption process take place as a 32 

function of chemisorption process as determined using linear pseudo-second order kinetics. The maximum 33 

desorption rate of Mn was achieved at 92% in the first cycle with recovery rate of 94.18% Mn removal within 30 34 

min using 0.1 M HCl. These findings confirmed the potential BBP as a natural adsorbent for Mn removal as an 35 

effective treatment option for enhancing wastewater quality. 36 

 37 

 38 
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1. INTRODUCTION 73 

 74 

The rapid industrial development has increased water sources pollution (Ahmed et al. 2014). Disposal of 75 

contaminants that include toxic sludge, solvents, and heavy metals from industrial activities into water bodies had 76 

been reported  to be 300–400 million tonnes annually (Singh et al. 2018). The number of polluted water sources 77 

in Malaysia increases over time due to the uncontrollable waste disposal and effluent discharge from industry 78 

(Marsidi et al. 2018). The waterworks company had alarmed the presence of heavy metals detected in river due 79 

to discharged from  industrial effluents (Zou et al. 2016). In steel production, manganese (Mn) had been widely 80 

used and discharged in the industrial effluents. Mn is a trace metal that is found mainly as oxides, carbonates, and 81 

silicates in many different minerals, with pyrolusite (manganese dioxide) as the most common naturally-occurring 82 

form (Milatovic and Gupta, 2018). Mn can be found abundantly in the earth’s crust and water sources, which exist 83 

in a broad range of oxidation states and species in the water (Tobiason et al., 2016)  84 

Upon oxidation, Mn becomes insoluble in water and change the colour of the water into brown-red 85 

colour, making the water aesthetically unpleasant and unfit for drinking  (Marsidi et al. 2018; Bouchard et al. 86 

2018; Ali et al. 2017; Rumsby et al. 2018). Studies have shown consumption of high Mn concentration in drinking 87 

water led to adverse health effects related to neurological disorders, intellectual, and cognitive development 88 

(Rumsby et al. 2018; Gerke et al. 2016). Accumulation of excessive Mn ions in specific brain areas can cause 89 

neurotoxicity and degenerative brain disorder (Idrees et al. 2018; Milatovic and Gupta, 2018). Exposure of 240-90 

350 µg/L Mn ions concentration toward children displayed symptoms of reduced manual dexterity, speed, short-91 

term memory, and visual recognition (Mthombeni et al. 2016). 92 

Various treatment technologies have been used to treat water containing manganese including ion 93 

exchange, oxidation, chemical precipitation, electrochemical treatment, ozone, membrane filtration, and 94 

ultraviolet irradiation (Baysal et al. 2013; Carolin et al. 2017; Al-Jubouri and Holmes, 2013;  Du et al. 2019; 95 

Alvarez-Bastida et al. 2018; Jeirani et al. 2015; Fatemeh et al. 2018; Ihsanullah et al. 2016; Ahmadi et al. 2019). 96 

Most of the technologies are able to remove Mn in water, however there are some problems arise such as complex 97 

process, space requirements, treatment capacity, sludge disposal, high operational and maintenance cost (Marsidi 98 

et al. 2018; Ali 2017; Jawed and Pandey 2019). Among the treatment technologies, adsorption process has been 99 

known to be effective in removing contaminants with minimal problem. Agricultural waste adsorbent particularly 100 

has gaining attention among researchers in treating water containing Mn ions owing to its efficiency, availability, 101 

environmental friendly, and easy to produce (Jawed and Pandey. 2019). Agricultural waste are found abundantly 102 
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in Malaysia and can be utilize to produce low-cost adsorbents. Banana plant particularly is widely planted and 103 

used for many purposes. About 16% of the total fruit production encompass of banana making it the second largest 104 

fruit produced worldwide with the highest of 32% produced fruit in Malaysia (Pathak et al. 2017). 105 

Currently, the study on banana blossom as adsorbent for the removal of contaminant is limited. 106 

Gopakumar et al. (2018) studied on banana blossom peels adsorbent by simply washing and drying the peels under 107 

sunlight. The banana blossom peels (BBP) adsorbent is able to remove 79.72% turbidity, 88.24% total solids, and 108 

61.01% chloride in lake water sample as well as reducing the alkalinity of the water to neutral pH (8.4 to 6.75). 109 

Herawati et al. (2018) used BBP  adsorbent to treat dyes that able to removed Congo Red dye (1.78%), Remazol 110 

Yellow dye (4.29%), Methylene Blue dye (0.43%), and Remazol Black dye (0.56%). Yet, chemical treatment of 111 

BBP as an adsorbent for Mn removal has not been investigated before.  112 

According to our knowledge, no study was performed on the isotherm and kinetic studies towards the 113 

reusability and application of the chemical modified BBP adsorbent for Mn  removal. Therefore, the present study 114 

attempts to synthesize banana blossom peels (BBP) via chemical treatment method. The adsorption behaviour of 115 

the Mn onto the BBP adsorbent was investigated in terms of different factors that influence the process including 116 

pH, adsorbent dosage, initial manganese concentration and contact time. The adsorption mechanism analysis was 117 

elucidated by isotherm and kinetic studies to determine the mechanism of the adsorption process.  118 

 119 

2. MATERIALS AND METHODS 120 

2.1. Preparation of Banana Blossom Peels Adsorbent 121 

 122 

                    Banana blossom peels (BBP) were obtained from the banana planters located in Pagoh Jaya, Muar, 123 

Johor, Malaysia. BBP was cleansed and washed thoroughly to remove impurities on the surface; then the BBP was 124 

then cut into small pieces’ oven dried at 60oC ± 1 oC for 12 hrs. The BBP were grounded and sieved into powder 125 

with standard mesh ring of 150-212 μm. The obtained BBP powder was immersed in 20 ml of 1 M HCl and sodium 126 

hydroxide (NaOH). The BBP powder with chemical activation solutions were stirred in an orbital shaker at 150 127 

rpm for 30 min. The BBP was then rinsed with distilled water to eliminate any remaining chemical on the surface. 128 

The BBP powder is next dried in an oven at 60oC ± 1 oC for 12 hrs (Surovka and Pertile 2017) until it dry and sieve 129 

using standard 60 mesh sieve. The schematic representation of BBP adsorbent preparation is shown in Figure 1.     130 

2.2. Characterization of Banana Blossom Peels Powder 131 

 Field emission scanning electron microscope (FESEM) and Energy Dipersive X-ray (EDX) were used 132 

to determine the surface morphology and elemental composition of BBP adsorbent. The functional groups in BBP 133 
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adsorbent were analysed using a Fourier transform infrared spectroscopy (FTIR). The FTIR spectrum was 134 

conducted at resolution of 4 cm-1 and the reading was recorded at mid-infrared of region 4000 to 400 cm-1. X-ray 135 

Diffraction (XRD) pattern using Bruker D8 Advanced was utilized to determine the crystalline structure of the 136 

BBP pattern using Bruker D8 Advanced. X-rays of 1.5406 Å wavelength was generated by Cu Kα monochromatic 137 

radiation. The BBP adsorbent was compressed in a cassette sample holder and the data was collected from 2θ = 138 

20° - 80° with sampling pitch of 0.02°.  139 

The surface area, total pore volume, and pore diameter were measured by a Brunauer-Emmett-Teller 140 

(BET) method based on nitrogen adsorption-desorption at 77K (Thermo Scientific surface area and pore analyser). 141 

Prior to analyses, the BBP adsorbent sample was outgassed at 60 oC for 24 hrs. 142 

2.3. Batch Adsorption Experiment  143 

Batch adsorption experiments were conducted in 250 mL conical flask shaken by using Stuart orbital shaker 144 

at 150 rpm with different pH (4-9), adsorbent dosage (0.1-0.7 g/L), initial Mn2+ concentrations (10-50 mg/L) and 145 

contact time (60-180 minutes). A stock solution with Mn concentration of 100 mg/L was prepared by dissolving 146 

0.308 g of manganese (II) sulphate in one L deionized water. The experimental solutions were further diluted to 147 

different concentrations of 10 - 50 mg/L in 1 L flasks. The Mn removal efficiency (%) and adsorption capacity, 148 

qe (mg/g) were determined as follows: 149 

 150 

             Removal (%) = (Co− Ce)Co  x 100                      (1) 151 

 152                           qe =  V (Co−Ce)W          (2) 153 

 154 

 155 

where: 156 

Co (mg/l): Initial Mn concentration  157 

Ce (mg/l): Equilibrium Mn concentration in solution 158 

qe (mg/g): The amount of metal ions 159 

V: The solution volume (L) 160 

W: The mass of BBP adsorbent (g).  161 



 

 

8 

 

The suspension of the samples was filtered with 0.45 μm filter paper prior and analyzed for Mn 162 

concentration using inductively coupled plasma optical emission spectrometry (ICP-OES) (Perkin Elmer, Optima 163 

8000). This technique was to measure the concentration of Mn before and after the adsorption batch experiments 164 

procedure.  165 

2.4. Adsorption Isotherms Studies  166 

 The adsorption isotherms are important in order to demonstrate the behaviour, mechanism and the 167 

optimum fitting through metal ions concentration in the liquid state in the surface of adsorbents at a given 168 

concentration (Mahmoud et al, 2014). In this study, the adsorption isotherm was analyzed by Langmuir and 169 

Freundlich model to find out the relationship between the Mn2+ concentration adsorbed by BBP according to the 170 

linear and non-linear equations. 171 

The Langmuir isotherm was assumed as monolayer adsorption of solutes onto an adsorbent surface. The 172 

Langmuir isotherm equation is written as:  173 

 174 

 Linear: 175 

                               
𝐶𝑒𝑞𝑒 =  1𝑞𝑚𝑎𝑥𝑏 +  𝐶𝑒𝑞𝑚𝑎𝑥        (3) 176 

 177 

Non-Linear: 178                                     𝑞𝑒 = 𝑞𝑚𝑎𝑥±𝑏𝐶𝑒(1+𝑏𝐶𝑒)         (4) 179 

where Ce is the equilibrium concentration of solute and qmax is monolayer capacity of the adsorbent 180 

(mg/g), and b is the adsorption constant (L/mg). The plot of Ce/qe versus Ce should be a straight line (Adekola et 181 

al. 2014).  182 

The Freundlich isotherm is more commonly known relationship to describe the non-ideal and reversible 183 

adsorption. The Freundlich isotherm is presented by the following equation: 184 

Linear: 185 

      log 𝑞𝑒 = log 𝐾𝐹 + 1𝑛 log 𝐶𝑒         (5) 186 

Non-linear: 187              𝑞𝑒 = 𝐾𝑓 + 𝐶𝑒1/𝑛          (6) 188 
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Where Kf is the Freundlich constants denoting the adsorption capacity (mg/L), qe is the uptake of pollutant per 189 

unit weight of biosorption (mg/L), Ce is the equilibrium of concentration (mg/L), and n is the empirical constant 190 

indicating of adsorption intensity 191 

2.5. Adsorption kinetics studies 192 

 193 

 The Mn removal data obtained from the experiment under optimal conditions were applied to linear and 194 

non-linear models of pseudo first and second order kinetics to generate the prediction adsorption data. The reaction 195 

rate and mechanism of adsorption process can be determined from kinetic study. The pseudo-first order assumes 196 

that the uptake rate of Mn ions with time is directly proportional to the number of unoccupied sites on the BBP 197 

adsorbent (Fathi et al. 2020). The pseudo-first order equation which represented the adsorption of a solute from a 198 

liquid solution is written as below: 199 

 200 

Linear: 201 

      ln(qe-qt) = ln qe – K1t          (7) 202 

 203 

Non-linear: 204 

        qt = qe (1– e-K1t)                         (8) 205 

  206 

Where qe is the adsorbed metal ion mass at equilibrium (mg/g), qt is the adsorbed metal ion mass at time t (mg/g), 207 

K1 is the pseudo-first-order reaction rate constant (l/min). Meanwhile, the pseudo-second order kinetic model 208 

assumes that chemical adsorption can be the rate limiting stage involving valence forces through sharing or 209 

exchange of electrons between adsorbent and adsorbate (Zhang et al. 2014). The pseudo-second order equation 210 

depends on the adsorption equilibrium capacity which is expressed as below: 211 

 212 

Linear: 213 

     
t𝑞𝑡 =  1𝐾2𝑞𝑒2 +  𝑡𝑞𝑒          (9) 214 

Non-linear: 215       𝑞𝑡 = 𝑘2𝑞𝑒2t1+𝑘2qet                                                 (10) 216 

 217 
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where K2 is a constant that represents the pseudo-second order reaction rate equilibrium (g/mg min) (Fathi et al. 218 

2020). 219 

2.6. Desorption experiment  220 

 221 

 The reusability of the BBP adsorbent was assessed by desorption experiment. The manganese pre-sorbed 222 

BBP adsorbent samples (0.5g) were contacted with 100 ml of 0.5 M HCL in a conical flask and shaken at 150 223 

rpm at room temperature. The sample was then collected at certain time interval and filter prior to be analysed for 224 

manganese concentration using ICP-OES. 225 

 226 

3. Results and discussion 227 

3.1. Characterization of BBP Adsorbent 228 

3.1.1. Surface Morphology and EDX Analysis 229 

 230 

The surface morphology, microstructures and physical properties of BBP adsorbent was determined using FESEM 231 

before and after Mn adsorption are depicted in Figure 2 and 3, respectively. The surface of BBP adsorbent is 232 

crimped with deeper dents, rough internals surface and dense in nature (Figure 2). The morphology of BBP may 233 

facilitate the adsorption of Mn owing to high irregular surface that provide maximum surface area for the 234 

adsorption of manganese ions (Fathi et al. 2020; Zhang et al. 2014; Abdeen et al. 2014; Bediako et al. 2019). 235 

Figure 2 and 3 shows the presence of prominent carbon (C), oxygen (O), and sodium (Na) elements from EDX 236 

analysis. 237 

The BBP adsorbent’s FESEM micrograph (Figure 3) reveals changes in shape indicating Mn2+ adsorption 238 

onto the BBP. The morphologies of FESEM in Figure 3 were observed to undergo changes after adsorption 239 

process where it has less crimped and rough surface compare to the pristine BBP adsorbent. The surfaces became 240 

loose porous might due to the vigorous shaking and interactions with the Mn solutions and water molecules creates 241 

micro-channels through Mn ions penetration to the internal binding sites (Bediako et al. 2019). Shiny particles 242 

were also observed over the surface of BBP after the adsorption takes place. Furthermore, the EDX spectra in 243 

Figure 3 detects an additional peak of Mn confirming the uptake of Mn ions onto the surface of BBP adsorbent. 244 

3.1.2. FTIR Analysis 245 

 246 

 The functional groups detected in BBP adsorbent before and after manganese adsorption is shown in 247 

Figure 4 (a) and (b), respectively. Figure 4 (a) shows the broad transmission band at around 3288 cm-1 can be 248 
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attributed to the overlapping of hydroxyl group O–H (carboxylic acid), C-O stretching and N–H (amino groups) 249 

of macromolecular association (Mahmoud et al. 2014). The –OH or –NH stretch band was shifted to 3276 cm-1 250 

which can be seen in Figure 4(b), implying that the adsorption involved –OH and C-O stretching of alcohol or –251 

NH deformation (Chen et al. 2015). BBP contains C-H stretching vibration around 2915 cm-1 in Figure 4(a) that 252 

shift to 2919 cm-1 in Figure 4(b), which indicates the presence of an alkene functional group (Ashraf et al. 2017; 253 

Abdić et al. 2018). The changes of band at 1603 cm-1 (Figure 4(a)) to 1606 cm-1 (Figure 4(b)) is corresponding to 254 

the asymmetric stretching of the carboxylic C=O double bond, that is usually present in fibre materials containing 255 

pectin (Mahmoud et al. 2014). The peaks around 1245 cm−1 as seen in Figure 4(a) is due to C-O stretching 256 

vibrations in hemicellulose as well as C–O stretching vibration of acetyl group n lignin. The absent of 1245 cm−1 257 

peak noticed in Figure 4(b) after the adsorption process pointed to the loss of hemicellulose and lignin (Mohamed 258 

et al. 2017). The changes of bands observed from 675 – 652 cm-1 in Figure 4(a) to a single band of 667 cm-1, in 259 

Figure 4(b), may represents the aromatic C-H groups (Kim et al. 2020). The presence of functional groups 260 

(hydroxyl, carboxyl, amine, etc.) in BBP adsorbent had contribute to the adsorption processes of Mn. 261 

 262 

3.1.3. XRD Analysis 263 

 264 

 XRD analysis of the BBP adsorbent before and after manganese adsorption is shown in Figure 5(a) and 265 

(b), respectively. Appearance of a broad low-intensity diffraction background and absence of sharp peaks, 266 

suggesting that the structure of BBP adsorbent is amorphous phase which related to the carbon structure (Bediako 267 

et al. 2019). Other than that, it is also due to organic materials and volatile substances. It was found that the 268 

presence of characteristic crystalline cellulose peaks manifested at 2θ ≈ 22o. The peak is attributed to the 269 

characteristics crystal structure of cellulose (Mahmoodi et al. 2018). After adsorption, no significant differences 270 

were observed in the crystalline peaks of the BBP adsorbent as in Figure 5(b), except that the intensity of the 271 

phases declined which indicate that manganese ions were replacing the ions and altering the structure of the BBP 272 

adsorbent. This demonstrates that adsorption of manganese did not change the structure space of BBP adsorbents 273 

and therefore the adsorption process occurred on the surface. 274 

3.1.4. BET analysis 275 

 276 

 Adsorption is a complex phenomenon that depend on various factors including the pore structure, size, 277 

and surface chemistry of the adsorbent. The BET surface area for BBP adsorbent was 2.12 m2/g with the total 278 

pore volume of 0.0139 cm3/g and average pore diameter of 64.35 nm. Nitrogen adsorption-desorption isotherms 279 



 

 

12 

 

and pore size distribution curves (inset) of BBP adsorbent is shown in Figure 6. Based on the IUPAC 280 

classification, the isotherm for BBP adsorbent is classified as type 2 which is macropores (>50 nm). The pore size 281 

distribution makes it suitable for adsorbing manganese ions because it has an ionic radius about 0.80 nm (Goher 282 

et al. 2015). Therefore, manganese ions were able to enter the largest micropores (less than 2 nm according to 283 

IUPAC classification). The low surface area is a characteristic of most agro- or carbonaceous materials (Pathak 284 

and Kulkarni, 2017). However, the low surface area does not necessarily implying low adsorption potential of a 285 

material (Maia et al. 2021). The adsorption capacities of non-living biomasses are attributed mainly to the 286 

functional groups (amino, carbonyl, carboxyl) that present in the structure of the adsorbent (García-Mendieta and 287 

Solache-Ríos 2012).  288 

 289 

3.2. Batch Adsorption Studies 290 

3.2.1. Effect of pH  291 

 292 

 Figure 7 displays the optimal performance of various pH conditions with a 0.1-0.7g adsorbent dosage 293 

and initial manganese concentrations ranging from 10-50 mg/L in 60-180 min of contact time. The effect of pH 294 

ranges from 5-9 on the removal of Mn by the BBP adsorbent is shown in Figure 7(a). The surface charge on the 295 

BBP adsorbent can be used to explain the effect of pH. It was observed that the removal of Mn achieved at 296 

maximum of 90% at pH 7 as the initial pH was increased but gradually decreased over 7. The adsorption increased 297 

when the pH of the solution increased because more negative-charged; metal-binding sites were exposed, 298 

attracting positive-charged metal ions and inducing adsorption onto the adsorbent surface (Mumtaz et al. 2014). 299 

The positive charge density of H+ ion decreases with increasing pH, which reduces electrostatic repulsion on the 300 

surface of BBP adsorbent and attracts more manganese ions, thus facilitating greater metal adsorption (Adekola 301 

et al. 2016). The lowest percentage removal of Mn2+ was found at pH 4 and pH 5.5. This can be explained by the 302 

fact that the high H+ ion concentration at low pH occupies most of the adsorbent’s active sites, thus lowering 303 

manganese ion removal efficiency (Abdić et al. 2018). Saturation of the bonded active sites took place and became 304 

inaccessible to other cations (Fathi et al. 2020). According to Akl et al. (2013), pH solution strongly affects the 305 

surface charge on the solid particles. In addition, it also changes the properties and availability of metal ions in 306 

solution, as well as the chemical state of the functional groups during the adsorption process (Abdić et al. 2018). 307 

This could be attributed to the partial hydrolysis of Mn2+ ions with increasing pH that results in the formation of 308 

complexes OH− such as Mn(OH)+, Mn(OH)2, Mn2(OH)3
+ and Mn2OH3+ species in solution. Therefore, the 309 
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adsorption and precipitation of manganese-hydroxyl species into the adsorbent structure may be involved 310 

(Esfandiar et al. 2014). The dependency of Mn adsorption at higher pH is associated with the surface functional 311 

groups of the BBP adsorbent and the metal chemistry in the solution where the functional groups can be seen in 312 

the previous section in Figure 4.  According to Feizi and Jalali (2015), dissociation of specific functional groups 313 

such as carboxyl and hydroxyl is important in metal sorption. As the pH increased, the functional groups would 314 

be exposed, increasing the density of negative charge on the surface of BBP adsorbent that contributes to the 315 

attraction between manganese ions and functional groups (Fathi et al. 2020). The adsorption capacity of BBP 316 

adsorbent is based on the pH value, together with surface charge and ionisation. Therefore, pH 7 is the optimum 317 

pH value for maximum Mn removal in the present study 318 

 319 

3.2.2 Effect of Initial Manganese Concentration 320 

 321 

 The effect of initial Mn ion concentration of 10 – 50 mg/L are depicted in Figure 7(b) where BBP 322 

adsorbent solution was employed with the optimal pH 8 as shown in the previous section. It was perceived that 323 

the percentage of Mn removal decreases with the increase of initial Mn ions concentration. The initial of Mn 324 

concentration of 20 mg/L showed the total Mn removal of 100%. A trend was observed in Figures 7(b)where Mn 325 

removal was decreased from 100% to 32%, with increased initial Mn concentration from 10–50 mg/L, 326 

respectively. This indicates that the surface saturation is dependent on the initial manganese concentration. The 327 

adsorbent surface area saturates at higher manganese concentration as the diffusion of the ions from the bulk 328 

solution to the adsorbent surface area decreases (Ali et al. 2017). Idrees et al. (2018) suggested that initial 329 

manganese ion concentration gives an impelling cause to overcome metal transfer resistances in the adsorbent and 330 

solution. This leads to a collision of higher probability between the active sites of BBP adsorbent and manganese 331 

ions. The adsorption sites become occupied at some point and reach a constant value where further adsorption 332 

from an aqueous solution is impossible. Adeogun et al. (2013) also showed that the removal of Mn ions using raw 333 

and oxalic acid modified rice husk adsorbent decreased with the increase in initial Mn concentration. Initially, 334 

adsorption occurs rapidly on the adsorbent’s external surface, followed by a slower internal diffusion process, 335 

which may be the rate-determining step. This is comparable with this study, where the rate of adsorption is fast in 336 

the first 10 minutes, until almost equilibrium due to quick occupancy of Mn ions onto the surface of BBP adsorbent  337 

 338 
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3.2.3 Effect of Adsorbent Dosage 339 

 340 

The effect of BBP dosage on the removal of manganese with the optimal initial Mn concentration of 20 mg/L, at 341 

pH 7 is shown in Figure 7(c). The adsorbent dosage was employed from 0.1 g/L to 0.7 g/L and the experiments 342 

were shaken for 150 minutes. The obtained findings indicate that as the adsorbent dose is raised, the efficacy of 343 

Mn removal improves. The greatest Mn removal was 96% at the optimum adsorbent dosage of BBP (0.5 g/L). 344 

High adsorbent dosage provides more active exchangeable adsorption sites. However, excessive adsorbent dosage 345 

could also decrease the adsorption rate due to interference caused by the interaction of active sites of the adsorbent 346 

(Iftekhar et al. 2018). Abdić et al.(2018)  showed that the increase in the amount of tangerine peels adsorbent had 347 

increased the Mn removal efficiencies. This situation is because higher adsorbent dosage provides greater surface 348 

area and more metal-binding sites.  Therefore, the rate of Mn adsorption was increased even when the initial metal 349 

concentration remained constant (Esfandiar et al. 2014). Furthermore, Mahmoud et al. (2014) also reported that 350 

increasing the banana peel activated carbon (BPAC) adsorbent dosage led to higher manganese adsorption. This 351 

can be attributed to the presence of more binding surfaces for manganese ions and the increased surface area 352 

(Ahmed et al, 2015). The effective surface area for adsorption was increased by increasing the adsorbent dosage 353 

(Adekola et al. 2014). 354 

 355 

3.2.4 Effect of Contact Time 356 

The time plays a vital role in the adsorption by BBP which was investigated within a time period of 30-357 

180 minutes in 250 mL of solution; 0.5 g/L (BBP), initial Mn concentration of 20 mg/L and a pH of 7. 358 

Determination of the optimal contact time is done after the optimum pH and initial concentration are determined 359 

(Kurniawati et al. 2021).  Figure 7(d) shows that the optimum time of adsorption of Mn by BBP achieved 100% 360 

of total removal when the contact time increased up to 150 minutes after equilibrium was achieved. Similar 361 

findings were reported by Hegazy et al. (2021) that removed 93% of  Mn within 120 minutes contact time until it 362 

reached equilibrium by using Moringa oleifera seeds adsorbent.  363 

According to the findings of this experiment, adsorption occurs in two stages, the first is rapid adsorption 364 

and the second of which is the delayed release of adsorbent compounds. This is because the amount of adsorbed 365 

Mn has exceeded the maximum number of Mn that adsorbents have reached saturation. If a lot of adsorbents have 366 
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saturated the active site on the surface of the adsorbent, further adsorption time will no longer increase the 367 

adsorption and even tends to reduce it (Kurniawati et al. 2021).  368 

 369 

3.3 Comparison with previous studies on Mn removal under optimum conditions 370 

 The result obtained under optimal Mn removal conditions for BBP in the previous experiments was 371 

performed to validate the optimal conditions. The validation experiment was conducted at 0.5g of BBP adsorbent 372 

dose, initial Mn concentration of 20 mg/L at pH 7, and agitated for 150 minutes at 125 rpm. The results were close 373 

to the previous experiment with 98% Mn removal and clearly showed that the factors affecting the adsorption 374 

process for Mn removal was successfully determined. Table 1 shows BBP adsorbent has remarkable adsorption 375 

capacity as compared to other studies in the literature.  376 

 377 

3.4 Adsorption Isotherm Studies 378 

The adsorption relationships analysis using Langmuir and Freundlich isotherm for the adsorption of Mn 379 

are depicted in Figure 8. The experiment for both isotherms for Mn removal was analysed under optimised 380 

conditions as mentioned in the previous section. These two models have the simplest experimental activities of a 381 

wide range of operating conditions. According to the Langmuir isotherm, the uptake occurs on a homogeneous 382 

surface through monolayer sorption with no interaction between the adsorbed molecules (Mahmoud et al. 2014).  383 

Langmuir and Freundlich linear model were best fitted according to the predicted adsorption equilibrium as the 384 

correlation coefficients of R2 analysis; 0.984 (linear Langmuir) and 0.995 (linear Freundlich) compare to non-385 

linear Langmuir (0.388) and non-linear Freundlich (0.516), respectively. 386 

 Table 2 displayed the Langmuir and Freundlich constant isotherm on the established coefficient of R2 387 

from the basis of the modelling curve. From the plot in Figure 8 (a) and (c), the correlation coefficients of R2 and 388 

the value calculated for qmax is close to the experimental qmax, thus showing that the data fit to the linear Langmuir 389 

model. The RL value that is between 0 and 1 (0< RL <1), implied that the process is favourable (Adeogun et al. 390 

2013). On the other hand, the determination correlation coefficients of R2  in linear Freundlich model was also in 391 

a good fit for the experimental data whereas the value of value of 1/n < 1 indicates that the process is favourable 392 

adsorption and the surface of adsorbent is highly heterogeneous (Adeogun et al. 2013). 393 

The isotherm results obtained in the present study can be concluded that the experimental data for 394 

adsorption of Mn ions onto BBP adsorbent fitted to both linear isotherm model as the values for the correlation 395 
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coefficients (R2) were both high (R2>0.98). The Mn adsorption behaviour on BBP adsorbent may occur in 396 

multilayers on the surface of the adsorbent. However, based on the satisfactory correlation coefficients, the data 397 

is also consistent with linear on both isotherm models in which the monolayer adsorption takes place on the BBP 398 

adsorbent.  399 

 400 

3.5 Adsorption Kinetics  401 

 The graph of linear and non-linear of Pseudo-first order and second order kinetic is plotted in Figure 9, 402 

respectively. The regression coefficient must be high (R2) and the calculated qe values should be closed to the 403 

experimental qe (Marque et al. 2013). These criteria must be satisfied in order to be fitted in these kinetic models. 404 

The kinetics adsorption of Mn onto the BBP adsorbent was well represented by the pseudo-second order whereas 405 

the linear and non-linear of Pseudo first order was unsuitable due to the low R2 values. The graph of Pseudo-first 406 

order in Figure 9 (a and c) shows poor correlation of parameters with R2 = 0.840 (linear) and R2= 0.875 (non-407 

linear) while the graph for pseudo-second order was best described in Figure 9 (c) with high linear regression of 408 

R2 = 0.99 409 

Table 2 represent the linear pseudo-second order is predominant kinetic model for the Mn adsorption by 410 

BBP adsorbent due to higher value of R2 than those in pseudo-first order. Furthermore, the pseudo-second order 411 

calculated qe values are in good agreement with the experimental qe values compared in the pseudo-first order 412 

model. Thus, this confirms that chemisorption of manganese onto the BBP adsorbent is the main mechanism in 413 

the adsorption process (Adekola et al. 2020; Zhang et al. 2014). In chemisorption, a chemical bond (usually 414 

covalent) is formed as metal ions adhere to adsorbent surface that also increase coordination number with the 415 

surface (Senthil et al. 2010). Based on the FTIR results (refer Section 3.1.3), hydroxyl and carboxyl were 416 

abundance and involved in chemical bonding. The possible ion exchange mechanisms is when Mn ion attached 417 

itself to two adjacent hydroxyl groups and two-oxyl groups which could donate two pairs of electrons to the metal 418 

ions, hence forming four coordination number compounds and releasing two hydrogen ions into solution (Omri 419 

and Benzina, 2019).  420 

 421 

3.6 Desorption studies 422 

 Figure 10 shows the desorption of manganese by BBP adsorbent. The experiment was run at optimum 423 

condition obtain in adsorption study which is at 0.1M HCL acid, 0.5g BBP adsorbent, and 150 mins. Low 424 

concentration of HCL acid was used for effective desorption process as the reaction is more stable. In the first 425 
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cycle, high desorption of manganese of 92% was attained in 30 minutes. The recovery of BBP adsorbent by using 426 

HCL acid demonstrate high percentage of manganese desorbed in 5 minutes and reach maximum in 30 minutes. 427 

However, the desorption efficiency was decreased to 51% in the second cycle and further decreased to 32% in the 428 

third cycle. The loss rate after the third cycle desorption was 60%. This might be due to the reduction of functional 429 

groups in BBP adsorbent surface and incomplete desorption during the regeneration process. Long-term elution 430 

can destroy the binding site or leave manganese ions in the adsorbent (Li et al. 2021). 431 

Figure 11 shows the recovery of BBP adsorbent for manganese removal. The recovery rate in the first 432 

cycle was 94.18% and decreased to 61.38% in the second cycle followed by 40.39% in the third cycle. This 433 

showed that the adsorption recovery was effective in the first cycle but was gradually decreased in the second and 434 

third cycle. These finding shows that BBP adsorbent has potential reusability and efficient for reused after the 435 

first cycle of desorption process. Increasing of desorption cycles lead to gradual destruction of the active binding 436 

sites on the adsorbent after each cycle. Therefore, the performance of the regenerated adsorbent is not comparable 437 

with the freshly prepared adsorbent. The decrease of desorption efficiency can also be caused by the saturation 438 

and occupation of adsorption sites with strongly adsorbed adsorbate (Vakili et al. 2019). Moreover, some chemical 439 

reagents could change the chemical structure of adsorbents by interacting with some constituents of the adsorbent 440 

(Omorogie et al. 2016). This will decrease adsorption capacity of the adsorbent as HCL acid could weaken some 441 

active sites in the adsorbent by leaching some ions into the desorbing solution with each desorbing cycle. 442 

 443 

4. Conclusion 444 

The chemical modified BBP adsorbent resulted in large surface area and crumpled shape of the adsorbent that 445 

cater for maximum adsorption rate. FTIR analysis reveals the presence of hydroxyl and carboxyl group that plays 446 

important role in adsorption process. XRD analysis suggests that the structure of BBP is amorphous while BET 447 

analysis indicate that the size distribution of BBP adsorbent is macropores. Isotherm studies show the 448 

experimental data was well presented by the linear Langmuir and Freundlich model. Additionally, the linear 449 

pseudo-second order provides a well linear regression with R2 of 0.99. Hence, the mechanism for the adsorption 450 

of manganese by the BBP adsorbent is by chemisorption where the Mn ions adhere to the surface of BBP adsorbent 451 

by chemical bond. The efficiency of reusing BBP adsorbent for further adsorption process is after the first 452 

desorption cycle with the highest recovery rate of 94.18%. According to the findings, BBP adsorbent is a potential 453 

natural adsorbent that is effective for treating water containing Mn at the optimum condition. Furthermore, the 454 
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ability of the BBP adsorbent to be reused demonstrated that the adsorbent is economical and can reduce negative 455 

impact to the environment. 456 
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removal 

(%) 
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(mg/L) 
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shell 

74 3 60 1.2 100 (Bangaraiah, 
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Bagasse 

62.5 6 150 0.15 2 (Ahmed et al. 
2015) 

BBP 
98 7 150 0.5 20 This study 
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Figure 6 Nitrogen adsorption-desorption isotherms and pore size distribution curves (inset) of BBP adsorbent 676 
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Figure 10 Desorption of manganese by BBP adsorbent 723 
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Figure 11 Recovery of BBP adsorbent for manganese removal 726 
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