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as a result of their discharged into water bodies and landfills [16 17]. Nevertheless, the information at our disposal has not 

revealed to us any previous studies on the adsorption of Fe(II) and Mn(II) ions from fishpond effluents via Melon Shell Activated 

Carbon (MSAC). The possibility of this chemically activated melon shell for efficiently removing Fe(II) and Mn(II) ions from 

fishponds and other aquaculture effluents therefore needed to be investigated, since many of these farms now face new 

regulations concerning the quality of water which they are permitted to discharge into natural water bodies.  
 

The present study was carried out in order to investigate the efficiency of melon shell activated carbon in removing excess Fe(II) 

and Mn(II) ions from fishponds. Equilibrium properties and process kinetics were studied in batch experiments using aqueous 

solutions of Fe(II) and Mn(II) as well as fishpond effluents. 

 

Materials and Methods 

Collection of Melon Shell (MS): The precursor employed for the preparation of the activated carbon in this study was a melon 

shell (MS), an agro-industrial waste. It was locally sourced from a local market in Share, Ifelodun Local Government Area of 

Kwara State, Nigeria. 

 

Preparation of Adsorbents: The melon shell (MS) as a precursor material was washed to remove dust and other dirt on it. The 

washed materials was dried at room temperature, pulverised and sieved through 0.25μm sieve.  
 

The sieved material was kept in the hot air oven at 105ºC for 6 hours. 50 g of dried sample was soaked in 100 ml of 0.1M KOH 

(1:2 weight by volume) over night and agitated mechanically at reasonable speed for 2 hours. At the end of second hours of 

stirring, the product was washed with surplus of deionized water to neutrality [18]. The muffle furnace was used to dry washed 

material at room temperature, ashed at 400 °C for a period of 30 minutes and labeled as MSAC after cooling.  

 

Characterization of Adsorbents: For elemental characterization of the adsorbent, Energy Dispersive X-ray spectrophotometry 

was used while surface area and pore volume of the adsorbent were determined through nitrogen adsorption techniques 

(Brunauer-Emmett-Trller, BET). Fourier Transform Infrared (FT-IR) was used to determine the major functional group present in 

the sample and morphological properties of the adsorbent was studied via scanning electron microscopy (SEM). 

The ratio of the weight of the prepared activated carbon to that of the melon shell precursor gives carbon yield,  both weights 

being measured on a dry basis, 
 

Yield (%) = W1/Wo × 100                                                                                                                    

Where Wo is the weight of the melon shell before carbonization and W1 is the weight of the carbon after being carbonized, 

washed, and dried. 
 

Method of pH drift was used to determine point of zero charge (pzc). The pH of the 0.01M NaCl was adjusted to a value ranges 

from 2 and 8 using 0.5M HCl or 0.5M NaOH. 0.1g of adsorbent was added to 20ml of the solution whose pH has been adjusted 

in a stopped plastic container and equilibrated for 24h. The final pH was determined and plotted against the initial pH. Taken as 

the pzc is the pH at which initial and final pH intercept [19]. 
 

The sample’s pH was deduced by placing 1 g of the activated carbon in 20 cm3 distilled water. Stirred for 6 hours at 250 rpm is 

the resultant suspension, followed by the filtration of the clear solution and subsequent determination of its pH by the use of Kent 

digital pH meter (Model 7055).  

 

Collection of Sample of Fish Pond Wastewater : Fish pond wastewater used in this research was collected from a commercial 

fish farm located in Ilorin, Kwara State. The sample was collected into air tight plastic bottles. 
 

Physico-chemical Characterization of the Fish Pond Wastewater. The physico-chemical properties determined include: 

Temperature, pH, COD, turbidity, BOD, DO, Fe2+ and Mn2+. 

 

Preparation of Adsorbate: Without further purification, reagents used in this study were analytical grade of FeSO4·6H2O and 

MnSO4·H2O. Stock solutions of 1000 mg/L containing Fe(II) and Mn(II) ions were prepared by dissolving appropriate quantity 

of their individual salts in different volumetric flask (1000 ml) containing some quantity of deionized water and made up to the 

mark. Appropriate dilution was done to prepare different working concentrations of 5-50 mg/L from the stock solutions. With the 

aid of pH meter, drop wise addition of 0.1M NaOH or 0.1M HCl was used to adjust the pH of each solution to values ranges from 

2.0–8.0 when required. 

 

Batch Adsorption Experiments: To conduct the adsorption experiments, 25 ml of different concentrations of aqueous solutions 

containing Fe(II) and Mn(II) were taken into 200 ml transparent plastic bottles which contained accurately weighed quantity of 

the adsorbent. The bottles were caped and then shaken at 250C for a period of 2 hours to attain equilibrium. Filtration method of 

separation was used to remove the adsorbent and the equilibrium concentration of each metal ion. The concentrations of Fe2+ and 

Mn2+ left in the solutions were estimated by taking the difference of the initial and the final metal ion concentrations. Effect of 

contact time (30-150 min), adsorbent dosage (0.05-0.3 g), initial metals ion concentration (5-50 mg/L), initial solution pH (2-8) 
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and temperature (25-500C) on adsorption by MSAC were investigated. A mass balance equation was used to estimate the 

adsorption capacities as presented below: 
 

Qe = VCo - Ce/ W                                                                                                                                
 

Where Qe denotes adsorption capacity per gram dry weight of the adsorbent (mg/g) at equilibrium, Co is the initial metals ion’s 

concentration in the solution (mg/L), Ce is the concentration of metals ion left in the solution (mg/L) at equilibrium, the volume 

of the solution (L) is denoted as V, and W is the adsorbent’s dry weight (g). 

 

Adsorption Isotherms Studies: Adsorption isotherms that better described the experimental data were found to be Freundlich 

and Langmuir [20, 21]. Mathematical expression for the Langmuir isotherm is given as:  
 

Ce/qe = 1/Kqm + Ce/qm  
 

Where Ce is the adsorbate concentration at equilibrium (mg/L) and qe is the equilibrium quantity of metal uptake per gram of the 

adsorbent (mg/g). qm (mg/g) and KL (L/ mg) are Langmuir constants associated with adsorption capacity and adsorption rate 

respectively. The slope and intercept gotten from the Langmuir plot of Ce against Ce/qe were used to calculate the values of qm 

and KL [22].   

 

 Freundlich Adsorption Isotherm: Regarded as an empirical isotherm is the Freundlich isotherm. It designates heterogeneity of 

the sorbent’s surface with interaction between the adsorbed molecules. Freundlich equation in a linearized form is given by:  
 

 logqe = (1/n)logCe+ logKf                                                                                                                
 

Where kf and n are constants of Freundlich adsorption, associated with adsorption capacity and sorption intensity respectively 

gotten from the linear plot of lnqe against lnCe with log kf as intercept and 1/n as slope. 

 

Adsorption Kinetics Studies: Pseudo first order and pseudo second order models were used to determine the kinetic mechanism 

of the adsorption process. 

 

The Pseudo-first Order: As described by the lagergren or pseudo-first order model, the rate of adsorption sites occupation is 

proportional to the number of available sites [23].The linearized form of the pseudo-first order equation is written as: 
 

Log(qe - qt) = log qe – K1t/2.303                                                                                                  
 

Where the amount of metals ion uptake at time t and equilibrium (mg/g) are designate as qt and qe respectively and k1 is the 

pseudo-first order adsorption rate constant (min-1).  

 

Pseudo-second order:The theory that biosorption follows a second order mechanism is the one upon which pseudo-second order 

model is centered. The rate at which available site for adsorption is occupied is proportional to the square of the number of sites 

available for occupation [24]. The equation can be expressed as given by Ho and McKay [25]. 
 

t/qt = t/qe + 1/k2qe2 
 

Where k2 is the pseudo-second order rate constant (g/mg/ min). The slope of the plot of t/qt versus t was used to estimate value of 

qe.  

 

Thermodynamics Study: The influence of temperature on the sorption process is shown by thermodynamic study. In general, 

there are two known types: exothermal and endothermal sorption processes. An increase in sorption which result from rise in 

temperature shows that the sorption is an endothermal process. However, increasing temperature decreases the sorption which 

indicates that the sorption is exothermal process. The equation given below could be used to estimate thermodynamic factors like 

entropy changes (ΔS0), enthalpy (ΔH0) and free energy (ΔG0), for the sorption. 
 

c

O KRTG ln   

T

e

C

C
Kc 

 

Where Kc is the equilibrium constant, CT is the solid-phase concentration at equilibrium (mg/L) and Ce is the equilibrium 

concentration in solution (mg/L). ΔSo ΔGo and ΔHo are changes in entropy (J/mol/K), Gibbs free energy (kJ/mol) and enthalpy 

(kJ/mol) respectively. The gas constant (8.314 J/mol/K) is designated as R and T is the temperature (K). Evaluated from the slope 

and the intercept of Van’t Hoof plots of logKc versus 1/T were the values of ΔH o and ΔSo [26]. 

 

Results and Discussion  

From the results obtained, Tables 1 &2 describes the physico-chemical properties and elemental compositions of the Melon Shell 

Activated Carbon as follows: 
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Table 1: Physico-chemical Properties of Melon Shell Activated Carbon. 
 

Parameters MSAC 

Moisture content (%) 8.83 ± 0.11 

Ash content (%) 3.92 ± 0.16 

Yield (%) 61.23 ± 0.21 

pH 6.7 ± 0.08 

Point of zero charge 6.0 ± 0.04 

Particle size (mm) 0.25 

Surface area (m2/g) 1719.51 

Pore size (cm3/g) 0.882 

      

Table 2: EDX Analysis and Elemental Composition of Melon Shell Activated Carbon. 
 

Elements (w %) MSAC 

C 76.1 ± 1.16 

O 22.17 ± 1.13 

Al 0.62 ± 0.80 

K 0.6 ± 0.24 
 

Effect of Initial Metal Ions Concentration: The adsorption of both metal ions strongly depend on the initial concentration of 

their respective ions in solution. Presented in fig. 1 is the result of influence of initial concentration on the Fe(II) and Mn(II) ions 

removal by MSAC, as investigated. Exponential increase in quantity removed was observed for both metal ions as the initial 

concentration of Fe2+ and Mn2+ in their respective solution increases. As respective initial concentration of Fe2+ and Mn2+ 

increases from 5m g/L to 30m g/L, quantity removed also increases from 0.33 mg/g to 3.25 mg/g and 0.88 mg/g to 3.28 mg/g for 

Fe2+ and Mn2+ ion respectively. This may be attributed to the increase in numbers of metal ions competing for unoccupied sites 

on the adsorbent at higher initial concentration metal ion [27]. 
 

As shown in Fig. 1, the adsorption process was fast at the beginning, but it slows down after 30 mg/L for both metal ions. This 

can be described by the occupation of adsorption site on melon shell activated carbon and the repulsion forces between the 

similar charges of metal ions (Mn2+ and Fe2+) adsorbed on the surface of the MSAC and the respective metal ions (Mn2+ and 

Fe2+) in the bulk solution. These findings are in agreement with the discoveries in literatures [28, 29, 30]. 
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Fig. 1: Effect of initial concentration on adsorption of Fe(II) and Mn(II) onto MSAC. 

  
Effect of Adsorbent Dosage: Shown in Figure 2 is the effect of adsorbent dosage on the adsorption capacity for metal ions 

(Mn2+ and Fe2+) onto MSAC under the following conditions: Co 30mg/L, pH = 4.83 (Mn2+) and 4.45 (Fe2+), temp. 300 K, time 

120 minutes. Practically revealed by the adsorption capacity is a contrary trend as presented in figure 2. The adsorption capacity 

decreased from 9.37 mg/g to 2.35 mg/g and 12.28 mg/g to 1.71 mg/g for Fe2+and Mn2+ respectively and was best when using 

0.05 g of MSAC. This observation (decrease in adsorption capacity) could be attributed to a decline in the operational specific 

surface area available for metal ions caused by the overlying or clump of adsorption sites, which causes the path length for 

diffusion of metal ions to increase [31]. As the weight of the adsorbent increased, the aggregation becomes increased 

significantly. Also, higher MSAC dose which provides more active sites for metal ions (Fe2+ and Mn2+) uptake may be 

responsible for this observation, as a result of which adsorption sites remain unsaturated after adsorption [32]. Therefore, 

increasing the adsorbent quantity, the amount of metal ions adsorbed onto unit mass of MSAC becomes reduced, consequently a 

decrease in the qe value. The result shows that equilibrium metal uptake capacity (qe) was best when using 0.05 g of MSAC. 

Hence, the optimum adsorbent dosage chosen was 0.05 g of MSAC. The splitting effect of the concentration gradient between the 
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adsorbent and adsorbate could also be the one responsible for the observed decrease in the adsorption capacity value (mg metal/g 

of MSAC) [33]. 
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Figure 2: Effect of adsorbent dose on the adsorption of Fe(II) and Mn(II) onto MSAC. 

 

Effect of Contact Time: The effect of contact time on the removal rate of metal ions (Fe2+ and Mn2+) by MSAC was investigated 

at 30 mg/L as the initial concentration of metals ion and the result is as presented in figure 3. It can be seen that increase in 

contact time increased the quantity of metal ions adsorbed. Fe2+ and Mn2+ uptake were rapid at the start and progressively go to 

equilibrium after 90 minutes. The respectful quantity of both Fe2+ and Mn2+ uptake at equilibrium for initial metal ion 

concentration of 30 mg/L were found to be 7.48 mg/g and 7.02 mg/g. The initial rapid uptake of the two metal ions could be due 

to contacts of the metal ions with the surface active sites available for adsorption while gradual adsorption that follows may be 

attributed to uptake of metal ions into the openings of the adsorbent. Due to the adsorbent large surface area (1719 m2/g), 

accumulation of metal ions onto its surface may also be responsible for the observed initial rapid adsorption. Process become 

slower after the attainment of equilibrium as the active sites is steadily occupied. Furthermore, through intra-particle diffusion 

which was slower process, the metal ions initially deposited penetrate to the innermost part of the adsorbent. This result agrees 

with other researcher’s observations as stated in the literatures [34, 35, 36]. 
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Fig. 3: Effect of contact time on the adsorption of Fe(II) and Mn(II) ions onto MSAC. 

 

Effect of Temperature: The uptake of Mn(II) ions by MSAC rapidly increased when temperature was raised up to 35oC after 

which equilibrium was attained while Fe(II) gradually increased as the temperature increases up to 450C . These increase in 

quantity adsorbed might result from two factors; one being the increased rate of pore diffusion and  the other being the formation 

of new active sites on the adsorbent surface. The increase in adsorption site resulting from increased temperature may also 

signifies likely chemical interactions between the metal ions and the MSAC [37]. Adsorption processes was found to be slightly 

decreased upon further raised in temperature. Also, the fact that metal ions uptake by MSAC may involve chemisorption in 

addition to physiosorption and at times involve bond rupture could also be responsible for the observed increase in the quantity of 

metal ions adsorbed with increased temperature. Increasing temperature also had a notable action on bulge effect within the 

internal structure of the adsorbent allowing metal cations to infiltrate further thereby increasing the adsorption rate [38]. The 

process can therefore be said to be endothermic. 
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Fig. 4: Effect of temperature (0C) on the adsorption of Fe(II) and Mn(II) ion onto MSAC. 

 

Effect of pH: Another factor which plays a very significant role in the metal ions biosorption is the pH. Hydrogen ions ability to 

compete with metal ions for the active sites on the surface of biosorbent is directly affected by the differences in initial pH [39]. 

The consequence of pH on the uptake of Fe(II) and Mn(II) ions onto MSAC was investigated at pH 2–8 and the results are 

presented in Figure 5. It was observed that as pH increases from 2 to 6, the quantity removed also increases from 0.592 mg/g to 

6.42 mg/g for Fe(II) ion and from 2.196 mg/g to 5.753 mg/g for Mn(II) ion. The highest removal (6.42 mg/g for Fe(II) and 5.753 

mg/g for Mn(II) ions) was achieved at pH 6. Deprotonation and negative charge of MSAC surface at higher pH may account for 

the increase in quantity of metal ions removed; consequently, attraction between the positively charged metal and adsorbent 

occurred, thus causing the absorption onto the biosorbent surface [40, 41]. But biosorption efficiency decreased after attaining the 

maximum biosorption limit. Formation of soluble hydroxylated complexes of the metal ions and their ionized nature could be 

responsible for this observation. Also, at higher pH levels, Fe(II) and Mn(II) would be transformed into their hydroxide forms 

and get precipitated. So, the removal of Fe(II) and Mn(II) could not be established due to adsorption or due to an initial 

precipitation followed by deposition on the surface of the adsorbent. pH of 6 was used for all subsequent experiments. 
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Fig. 5: Effect of pH on the adsorption of Fe(II) and Mn(II) ions onto MSAC. 

 

Adsorption Isotherms 

Represented in the figures below are the linear transforms of the adsorption isotherms: 
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The freundlich and Langmuir adsorption isotherms constants can be expressed in table 3 and table 4 below:   

 

Table 3: Freundlich Constants. 
 

Metal ions Kf 1/n N R2 

Fe(II) 0.91 0.3544 2.823 0.2032 

Mn(II) 0.92 0.4207 2.377 0.8920 

 

 

Table 4: Langmuir constants. 
 

Metal ions  1/qm   qm   KL     R2 

Fe(II)  0.314 3.184 1.617 0.9963 

Mn(II) 0.270 3.706 0.259 0.9881 

 

Langmuir and Freundlich equations were the two isotherm equations tested on the obtained results of this study. The equilibrium 

data obtained from the adsorption of the two metal ions best fitted for Langmuir isotherm due to their high correlation values (R2) 

which are 0.996 and 0.9881 for Fe2+ and Mn2+ respectively This revealed that the uptake of both metal ions by MSAC is physical, 

homogeneous and monolayer in nature. Also, the values of experimentally determined adsorption capacity (qe) agreed with the 

theoretically predicted (qm) values for Fe2+ and Mn2+. 
 

Adsorption deviation from linearity measurement, is the Freundlich constant, n. The adsorption is said to be linear if ‘n’ value is 

unity while it is regarded as unfavourable if ‘n’ value is less than unity. Also, favourable is the adsorption process with n value 

greater than unity [42]. The values of n at equilibrium were above unity for Fe2+ (2.823) and Mn2+ (2.377) in the present study, 

suggesting favourable adsorption.  

 

Adsorption Kinetics: The figures below represents the pseudo-first order and pseudo-second order kinetics for both adsorption 

of Iron(II) and Manganese(II) unto the melon shell activated carbon. 

  

 
 

Operation of adsorption as well as its design for Fe(II) and Mn(II) treatment requires a good understanding of batch adsorption 

kinetics. The chemical or physical features of the adsorbent viz-a-viz its operating conditions are the factors upon which nature of 

the Mn(II) and Fe(II) adsorption kinetic process depends. Two different models were tested on the kinetic data of Mn(II) and 

Fe(II) contacts with melon shell activated carbon (MSAC) namely; pseudo-first order and pseudo-second order model. The 

kinetic data is best described by the pseudo-second order equation. Presented in Figures. 10, 11, 12 and 13 are the adsorption 

kinetic data for the numerous models. Rate constants and correlation coefficients were estimated from the linear plot of t versus 

t/qt (Figures. 10, 11, 12, 13).  Correlation coefficients (R2) values of the data for uptake of both Mn(II) and Fe(II) ions were found 

to be very high (0.99) as shown in Table 5. From the slope of plot of t versus t/q t, the rate constant (k) obtained for Mn(II) is 

0.013 mg/g min, which is almost the same with that of Fe(II) which is 0.015 mg/g min at equal concentration of 30 mg/L. This 

suggests that adsorption of both metal ions takes place at almost the same rate. Value of qe calculated from the pseudo-second 

order model is in good agreement with the experimental qe value. This indicates that the kinetic model followed by the sorption 

process is pseudo-second order [43, 44]. 
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Below were the values of pseudo first order and pseudo second order constants extracted from figures 10 and 11 respectively. 

 

Table 5: Pseudo First Order Constants Extracted from Figures 10 and 11. 
 

Metal ions    qe(cal)         

(mg/g) 

Intercept    R2      K1 

(g/mg/min.) 

Fe(II)  8.375 0.923 0.6544    0.015 

Mn(II)  6.714 0.827 0.6109    0.013 

 

Table 6: Pseudo Second Order Constants Extracted From Figures 12 and 13. 
 

Metal ions   qe(cal)         

(mg/g) 

Intercept    R2      K2        

(g/mg/min.) 

Fe(II)    7.87 1.528 0.9866         0.011 

Mn(II)    10.03 9.706 0.9616         0.001 

 

Thermodynamic Studies 
 

Table 7: Thermodynamic Parameters of Fe(II) and Mn(II) Adsorption onto MSAC. 
 

Metals ΔGo (KJ/ml)     ΔHo (KJ/mol/K)         ΔSo (J/mol/K) 

Fe    -0.845          +16.812            +49.430 

Mn    -1.714          +17.945            +51.019 

 

The thermodynamic for the uptake of Fe(II) and Mn(II) onto MSAC has been investigated in the range of 298-223 K and the 

influence of temperature on the metal ions uptake under the optimized conditions were studied. Calculated from the slope and 

intercept respectively were the value of standard enthalpy change (ΔHo) and standard entropy change (ΔSo). 
 

It was observed that  standard enthalpy change (ΔHo) for adsorption of   Fe2+ and  Mn2+ onto MSAC were found to be 

+16.812(KJ/mol/K) and +51.019 respectively.  This positive value of ΔHo indicates that the process is endothermic which is 

buttressed by the increase uptake of Fe(II) and Mn(II) with rise in temperature.  In describing the type of adsorption, the 

magnitude of ΔHo    is very useful. If the size of ΔHo falls within the range of 2.1–20.9kJ/mol, it signifies a physisorption process, 

while chemisorption ranges between 80 –200 kJ/mol (Liu and Liu, 2008). From table 6, the value of ΔHo obtained for Fe(II)  ion 

revealed  that the process of metals uptake unto the surface of MSAC is a physical one. The reason why the kinetic data for Fe(II) 

disagree with the pseudo-second order model (chemisorption model) is explained by the physical adsorption. On the other hand, 

high value of ΔHo obtained for Mn(II) (+51.019) is an indication of chemisorption process which may be the reason why the 

kinetic data for Mn(II)  fit the pseudo-second order model (chemisorption model).   Also, positive value of ΔSo implies an 

increased disorderliness and randomness at the adsorbent-adsobate interface and affinity in the process of adsorption which leads 

to the increase in entropy and therefore overall positive ΔSo [45]. Furthermore, the size of ΔSo reveals whether the mechanism of 

adsorption reaction is a dissociative or associative one. Conformity of adsorption process to a dissociative mechanism is indicated 

by the value of ΔSo being greater than 10 J/molK [46]. The fact that the values of ΔSo (Table 6) obtained were far greater than 

10J/molK.-1 is an indication that the mechanism of Fe(II) and Mn(II) ions adsorption onto MSAC involves a dissociative type.The 

ΔGo were calculated at each temperature (298K-223K), and were all found to be negative for both metal ions. These negative 

values decreased with increased temperature for both metal ions (Table 4). This shows that the process is feasible and that the 

biosorption process did not gain an external energy which agrees with the reported wok of Vimose et al. and Arias et al [47, 48]. 

 

Table 8: Characterization of MSAC Using IR Spectroscopy: FT-IR spectra of melon shell and activated carbon derived from 

melon shell are illustrated in fig. 14-15 and important peaks extracted from the infrared (IR) spectra of the MSAC are 

summarized in Table 8. 

 

Raw melon shell ASSIGNMENT MSAC ASSIGNMENT 

3414 O-H 3233         O-H 

2920 C-H stretching 2936         C-H 

_ _ 1710.82         C=O 

1650 C=O 1603         C=O 

1543.61 C=C stretching  1448         CH2 and CH3 

1435.36 CH2 and CH3 1365.70         -C-H bending 

1012 C-O strong 1270          C-O 

 

The existence of wide variety of functional groups at the activated carbon surface is well known. These are factors upon which 

surface properties of activated carbons depend as such, they are essential features of activated carbons. Basic spectra of activated 
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carbons, especially for determination of types and intensity of their surface functional groups can be provided by the FT-IR 

spectroscopy. FT-IR spectra of melon shell and activated carbon derived from melon shell are illustrated in fig. 14-15 and 

important peaks extracted from the infrared (IR) spectra of the MSAC are summarized in Table 8. 
 

Melon shell precursor was found to contain much more bands than activated carbon. The results show that there was 

disappearance of bands (2660.16 cm-1, 1543.01 cm-1, and 1318.21 cm-1) when spectrum of raw melon shell (precursor) was 

compared with that of melon shell activated carbon (MSAC), signifying that there were broken of chemical bonds in the course 

of carbonization process followed by activation [49, 50]. 
 

A broad adsorption band at 3000-3600 cm-1 is a characteristics of O-H stretching vibrations of hydrogen bonded hydroxyl 

groups. In the case of precursor, the peak is stronger and has weakened for the activated carbon. The band at 2936.15 cm-1 is 

assigned to asymmetric C-H bond present in alkyl group such as methyl and methylene group. [51]. Stretching adsorption band at 

1603.1 cm-1 is apportioned to carbonyl C=O found in ester, aldehydes, ketones groups and acetyl derivatives. Adsorption band at 

1710.82 cm-1 in MSAC spectrum is attributed to C=O of an acid. The band at 1448.02 cm-1 can be ascribed to C=H stretching 

(Saurez-Garcia et al., 2002b). The bond at 1270.71cm-1 confirms the presence of ester functional group. The intense band at 

approximately 2920cm-1 is assigned to asymmetric C-H stretching, which is reduced in MSAC (2936cm-1 ), and this indicates that 

the activation removed a significant amount of hydrogen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig. 14; FTIR Spectrum of Raw Melon Shell.          Fig. 15; FTIR Spectrum of MSAC. 

 

Scanning Electron Microscopy :The surface morphology of raw melon shell and melon shell activated carbon (MSAC) were 

evaluated by Scanning Electron Microscopy (SEM). The resultant SEM micrographs being obtained at 100µm magnifications are 

as shown in figures 16 and 17. The SEM images shows rough surface area of the carbon which is generally believed to be a good 

prerequisite for the adsorptive properties. It has been observed that factors like initial structure of the carbon precursor and 

inorganic impurities influence pore structure development [52]. 
 

The surfaces showed particle grains and fibrous like structure (fig. 16, 17). It is obvious that MSAC has considerable numbers of 

heterogeneous layer of pores where there is a good possibility for metal ions to be adsorbed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16: SEM Micrograph of Raw MS at 100µm. Fig. 17: SEM Micrograph of MSAC at 100µm. 
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Table 9: Result of Batch Optimization Conditions for the Removal of Mn and Fe Ions from Fishpond Wastewater. 
 

S/N Properties Before After  

1 Temperature (0C) 28 ± 0.13 27.80 ± 0.200 

2 pH 7.4 ± 0.06 7.15 ± 0.070 

3 Conductivity (µs/cm) 404 ± 0.12 174 ± 0.700 

4 Turbidity (NTU) 37.84 ± 0.05 6.32 ± 0.030 

5 Fe2+ (mg/L) 1.40 ± 0.01 0.20 ± 0.003 

6 Mn2+ (mg/L) 0.11 ± 0.03 0.02 ±0.001 
 

The results are shown in table 9. It is interesting to note that concentration of Mn (II) reduced from 0.11 ± 0.03 mg/L to 0.02 

±0.001 mg/L and that of Fe(II) from 1.40 ± 0.01 mg/L to 0.20 ± 0.003 mg/L after a contact time of 1 hour 30 minutes with 

adsorbent dose of 0.05 g. 
 

Conclusion: This article studied synthesized activated carbon prepared from melon shell and evaluates its effectiveness for the 

removal of Fe(II) and Mn(II)ions from fishpond wastewater by adsorption process. It is obvious that initial metal ion 

concentration, contact time, adsorbent dose, temperature and pH had an outstanding influence on the metal ions uptake by the 

adsorbent. The study shows that Melon Shell Activated Carbon (MSAC) can be successfully used as an effective and low cost 

adsorbent for the removal of Fe(II) and Mn(II) ions from  fish pond wastewater. The adsorption parameters for the Langmuir and 

Freundlich isotherms were determined and the equilibrium data were best described by Langmuir isotherm model. Moreover, the 

kinetics of the adsorption process was shown to be better described by a pseudo-second-order model for Mn(II) when compared 

to pseudo-first-order while none fitted for the uptake of Fe(II) ion. Also the thermodynamic data have shown that the adsorption 

of Fe(II) and Mn(II) ions unto MSAC composite is a spontaneous and endothermic process by physiosorption. Surface 

morphology of the sample was also determined using scanning electron microscopy of 100µm and 10µm magnifications and the 

pores of char-activated by KOH. The surface of raw melon shell showed a fibrous-like structure while that of activated melon 

shell showed grains-like structure. The elemental analysis of the precursor (melon shell) and melon shell activated carbon shown 

that carbon and oxygen are the predominant elements which indicates that the samples is carbonaceous material. Fourier 

Transform Infrared (FT-IR) shows C=O, C=C, C-C and O-H as the major functional group in precursor and Melon shell activated 

carbon (MSAC). The BET surface area and pore volume of the melon shell activated carbon were 1719 m2/g and 0.882 cm3/g 

respectively.  
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