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Abstract 

In recent years a great attention has been focused on preparing highly efficient, cheaper and ecofriendly adsorbents which 

used for heavy metals removal from wastewater. This work deals with the use of sugarcane bagasse (SCB) adsorbent for 

removal of Fe (III), Mn (II) and Pb (II). SEM and FTIR spectroscopy were used for characterization of the prepared 

adsorbent. Also the adsorption effects under different conditions of pH, adsorbent weight, initial metal concentrations, contact 

time and temperature on the percent of heavy metals removal were investigated. Adsorption isotherm investigation indicated 

that, Fe metal was fitted to Temkin model, where Mn and Pb metals were fitted to the Freundlich model. The study of 

thermodynamic parameters showed that, the negative values of ΔG° indicated that the adsorption of (Fe, Mn and Pb) on SCB 

is a spontaneous process. 
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Introduction 

Pollution with heavy metals is serious threats to 

the environment; these metals inter to aquatic system 

through several industrial activities like, mining, 

fertilizer industries, paper industries, and pesticides 

[1]. Pollution affects ecosystems and human health, 

aquatic plants and animals. Heavy metals like 

chromium, iron, cadmium, lead, copper, and zinc 

classed as dangerous materials to all life forms [2]. 

The recovery of heavy metals from polluted water 

has a greet attention not only to remove their poisons 

effect, but also to treat precious materials. There are 

several treatment methods to remove these metals 

from polluted water [3] but, these ways have a lot of 

mistakes such as less efficiency and sensitive system 

conditions [4]. The adsorption of heavy metals by 

low cost agricultural waste materials has attracted 

much attention [5-6]. Biosorption used materials 

from agricultural wastes have many benefits like its 

great efficiency in adsorption, not expensive, lower 

biological or chemical wastes and possibility of  

regeneration [7-8]. The use of sugarcane bagasse 

(SCB) as an ecofriendly material in heavy metals 

removal is important due to many properties like easy 

method for preparation, not expensive and the useful 

reuse of agricultural wastes [9 - 10]. SCB can defined 

also as cellulosic materials, as a result of their 

structures that include (25% hemicellulose, 50% 

cellulose, and 25% lignin) [11]. The maximum 

efficiency in adsorption of SCB is related to the 

presence of different functional groups like 

acetamido, alcoholic, amino, amido, and sulfhydryl 

[12]. The rate at which adsorption happen has a great 

attention because of its importance in the adsorption 

process. The effect of several parameters on the 

adsorption rate has been investigated to estimate the 

best operating conditions. Specifically, contact time, 

solution pH, temperature, adsorbent weight and 

concentration have been known as parameters that 

affect the adsorption rate [2]. In adsorption system 

there are several kinetic models used for describing 

the dynamic process among them both Langmuir and 

Freundlich are used to give the relation between the 

adsorbed weight of solid sorbent, and the amount of 

solute non-adsorbed at equilibrium [13]. For 

adsorption of heavy metal on sorbent materials these 

kinetic models show great results for the relation 

between the adsorbed material and metal at 

equilibrium concentration of solute at and constant 

temperature [14]. In this work the aims were 

classified into three steps: 
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1. Preparation of bio-sorbent from the agricultural 

waste and characterization using SEM and FTIR 

spectroscopy. 

2. The prepared sorbent was examined for the 

removal of (Fe, Mn and Pb) under different 

adsorption condition. 

3. The isotherm models and thermodynamic 

parameters were investigated to examine of the 

adsorption behavior. 

 

Materials and Methods 

Preparation of sugarcane bagasse 

Sugarcane bagasse (SCB) was firstly washed 

thoroughly with distilled water to remove the dust 

particles, then soaked overnight in 0.1N NaOH 

solution and again washed well with double distilled 

water. SCB was then soaked in 0.1 N CH3COOH for 

2-3 h to remove the traces of NaOH. It was 

thoroughly washed again with double distilled water 

till the wash water became colorless and then filtered, 

well dried, powdered and sieved before use [15]. 

 

Characterization of the adsorbent 

Scanning electron microscopy (SEM) having a 

magnification range of 5,000 and accelerating voltage 

20 kV were used for characterization of prepared 

SCB. 

 

FTIR spectroscopy  

The Fourier transform infrared (FT-IR) spectra 

were monitored via a single beam thermo scientific 

Nicolet iS10 instrument. The samples were grounded 

with KBr (1:100) to form tablets, and thus confined 

into the sample holder in the spectrometer cavity to 

record the measurements in the 4000-400 cm−1 

region. 

Adsorbates 

All the chemicals used in the study were of 

analytical grade and obtained from Sigma-Aldrich. 

Stock solutions of 1000 mg/l strength of Fe(II), 

Mn(II) and Pb(II) metal ions were prepared and 

diluted to give metal ion concentration in the range of 

50-200 mg/l for use in the experiments. 

 

Adsorption experiments 

For each experimental run, 100 ml aqueous 

solution of a known concentration of one of the metal 

ions was taken in a 250 ml conical flask containing 5 

g of adsorbent. These flasks were agitated at a 

constant shaking rate of 150 rpm in a temperature 

25°C, pH 6. The pH was adjusted using 1.0M HCl or 

1.0M NaOH aqueous solution. The pH of the solution 

was monitored during the course of the sorption 

process using a pH meter. The equilibrium was found 

to have been attained in 90min contact time. After 

filtration the residual metals in the solution were 

analyzed using Inductively Coupled Plasma Optical 

Emission Spectroscopy (Varian Liberty II ICP-OES), 

Italy. The removal percentage of metal ions from the 

solution was calculated using the following 

relationships as adapted by [15]: 

% metal removal = (C0– Ce /C0) × 100 (1) 

Where: C0 is the initial metal ion concentration 

(mg/l), Ce the equilibrium metal ion concentration 

(mg/l).Adsorption data for adsorbate concentrations 

are described by Langmuir, Freundlich and Temkin 

isotherms. Thermodynamic parameters such as 

change in enthalpy (ΔH˚), change in entropy (ΔS˚) 

and change in free energy (ΔG˚) were also 

determined. 

 

Results and Discussion 

Scanning electron micrograph (SEM) 

Figure (1) displays the microstructures SEM 

images of SCB. The image showed that, the surface 

of prepared material was non-smooth and non- 

homogenous this indicate the possible chances for 

adsorption of metals on it as stated by [17]. 

 

 
Fig.1. SEM image of SCB 

 

 

Table 1: Possible assignment of prepared adsorbent from SCB 

Functional class Band 

position/cm 
Intensity Assignment 

Alcohols 3410 Strong O–H (H-bonded), usually broad 

Carboxylic 2930 Weak –COO–H (very broad) 

Aliphatic aldehydes 1650 Strong C=O (saturated aldehyde) 

Aromatics 1420 Strong C=C (in-ring) 

Thiocarbonyl 1200 Strong C=S 

Esters 703 Strong S–OR 



REMOVAL OF HEAVY METALS USING ECOFRIENDLY ADSORBENTS PREPARED FROM … 
________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 5 (2022) 

 

87 

Surface functional group analysis  

Table (1) showed FTIR analyses for SCB in 

order to identify the appearance functional groups. 

FTIR spectra of SCB showed band at 3410 was 

assigned to O-H groups which present in phenols, 

alcohols and carboxylic acids. The region from 

3100-3500cm-1 attributed to the adsorption bands of 

hydrogen bond caused by -NH2 and -OH. 

Also, absorption bands at 16500 which is a 

shift of C=O stretching vibration caused by the 

superposition of C=O in COO- and C=O in the 

amide I. The band at 1420 was due to stretching 

mode of the carbonyls, carboxylic acids, and 

lactones. The absorption bands at 703 maybe due to 

ethers, esters, carbonyl groups, and phenol groups 

[18]. The acidic functional groups like alcohol, and 

carbonyl groups that found on the surface of SCB 

enhance the metal adsorption the same results also 

obtained by [19]. 

 

Experimental design for heavy metal removal 

Effect of pH 

The effects of pH on metals removal were 

in (Fig. 2). Maximum removal of lead was 92%, Mn 

90% and Fe 89% at pH = 6. An increase in 

adsorption rate was obtained from pH 3 to 6; while, 

levels of adsorption rate reduced at pH>6 the same 

results obtained by [20, 21]. Increasing in removal 

percent by increasing pH solution from3 to 6 may 

come from the formation of soluble hydroxyl 

complexes, while decreasing of removal percent 

above pH 6result from the adsorbent surface that 

have negative charge from oxygen containing 

functional groups that causing action between the 

metal ions and adsorbent [22]. 

 

 
Fig.2: Effect of pH on the removal of Fe,Mn and Pb 

using SCB adsorbent. 

 

Effect of adsorbent weight  

The weight of SCB adsorbent was varied from 

0.5 to 6g all the other experimental variables were 

kept constant pH 6 initial concentration 50 mgL-1, 

and contact time 90 min. The removal of Fe, Mn 

and Pb under adsorbent weight effect (Fig. 3) 

indicated that, the removal percentage decreased 

with decreasing the adsorbent weight, until 

equilibrium at 5g. Bhatti et al., [23] showed that, by 

increasing the adsorbent weight the functional 

groups on it increased, these groups were necessary 

during adsorption process in the formation of 

Vander Waals bonding. This give more possibilities 

for adsorption of metals and less competition 

between metals and the binding sites. 

 

Effect of initial metal concentration  

The removal of Fe, Mn and Pb using SCB 

under initial metal concentrations effect. Fig. (4) 

showed that, the highest removal was recorded for 

all metals at 50 mg/L and the removal percentage 

was decreased by increasing the initial 

concentration of metals. 

 

 
Fig.3: Effect of adsorbent weight on the removal of 

Fe,Mn and Pb using SCB adsorbent. 

 

This might be come from by increasing the 

concentration of metal the saturation of the binding 

sites occurred and un adsorbed metals were left and 

less binding sites become exist with increasing 

metal ion concentrations in the aqueous solution 

[22]. Therefore, concentration of 50 mg/L was 

considered as the optimum. The best removal was 

for lead in all metals used and the removal % 

follows the order Pb˃Mn˃Fe. 

 

 
Fig.4: Effect of initial metal concentration on the 

removal of Fe,Mn and Pb using SCB adsorbent. 
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Effect contact time  

The effects of contact time on heavy metals 

removal (Fig. 5) gave removal % as 92 for Mn, 88 

for Pb and 75 for Fe and the equilibrium was at 90 

min. Generally, with increasing the contact time 

removal percentage was increased, the heavy metals 

removals follow the order Mn˃Pb˃Fe. This may 

give an indication that the adsorption process could 

happen in a single step [24]. Scott et al., [25] 

explained that, in the initial stage of the adsorption 

process, adsorptive ions occupy active surface sites 

because the surface coverage is low causing higher 

uptake rate. The surface coverage is increased by 

time leading to decrease in the uptake rate until the 

surface becomes saturated. 

 

 
Fig. 5: Effect of contact time on the removal of Fe, 

Mn and Pb using SCB adsorbent. 

 

Effect of temperature 

The range of temperature from 25 to 45 ˚C and 

optimum parameters are pH, adsorbent dose, initial 

ion concentration, agitation time and agitation speed 

were kept at 6, 5g, 50 mg/l, 90 min, 150 rpm, 

respectively. As seen in (Fig. 6) the effect of 

temperature on the removal of Fe, Mn and Pb by 

SCB were 90%, 92% and 89%, respectively. All the 

metals follow the same trend that, the removal 

percent increased by decreasing temperature, the 

results agree with [26] who found that, there is a 

reverse relationship between the % of removal and 

temperature. 

 
Fig. 6: Effect of temperature on the removal of Fe, 

Mn and Pb using SCB adsorbent. 

 

Adsorption isotherm investigation 

The present study used Langmuir, Freundlich 

and Temkin models to investigate the adsorption 

isotherm Fig (7, 8-9). Langmuir isotherm model for 

Fe, Mn and Pb were explained in Fig. (7), this 

figure clearly showed that, the adsorption of heavy 

metals on SCB adsorbent is favorable since Rl lies 

in the range (0.138-0.525). 

 

Table 2: Langmuir adsorption isotherm constants 

for the adsorption of (Fe), (Mn) and (Pb) on SCB 

adsorbents 

Heavy metal Constants Values 

Fe kl(L/mg) 0.1238 

 

qm(cal)(mg/g) 3.505 

 

Rl(L/mg) 0.2121 

 

rl
2 0.4 

  qm(exp)(mg/g) 22.1 

Mn kl(L/mg) 0.2086 

 

qm(cal)(mg/g) 6.4185 

 

Rl(L/mg) 0.13778 

 

rl
2 0.5725 

  qm(exp)(mg/g) 26 

Pb kl(L/mg) 0.0846 

 

qm(cal)(mg/g) 21.93 

 

Rl(L/mg) 0.283 

 

rl
2 0.546 

  qm(exp)(mg/g) 23.2 

 

 

Table 3: Freundlich adsorption isotherm parameters 

for the adsorption of (Fe), (Mn) and (Pb) on SCB 

adsorbents 

Heavy metal Constants Values 

Fe kf (L/mg) 1.158 

 
qm(cal)(mg/g) 5.516 

 
n (L/mg) 2.0597 

 
rf

2 0.876 

 
qm(exp)(mg/g) 23.5 

Mn kf (L/mg) 1.46 

 
qm(cal)(mg/g) 5.774 

 
n (L/mg) 2.473 

 
rf

2 0.8713 

 
qm(exp)(mg/g) 25.4 

Pb kf (L/mg) 1.515 

 
qm(cal)(mg/g) 5.708 

 
n (L/mg) 2.56 

 
rf

2 0.862 

 
qm(exp)(mg/g) 23.2 
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Table 4: Temkin isotherm parameters for the adsorption of (Fe), (Mn) and (Pb) on SCB adsorbents 

Heavy metal Constants Values 

Fe kt (L/g) 0.812 

b (kJ/mol) 0.188 

rt
2 0.962 

Mn kt (L/g) 0.4899 

b (kJ/mol) 0.073 

rt
2 0.8363 

Pb kt (L/g) 0.572 

b (kJ/mol) 0.126 

rt
2 0.88 

Langmuir model suggest the presence of a 

monolayer adsorbate formed on adsorbent surface 

and then no more adsorption happen, this used for 

monolayer adsorption on a surface have a limited 

identical sites. The model assumes uniform energies 

of adsorption onto the surface and no transmigration 

of adsorbate in the plane of the surface [27,28]. 

Freundlich isotherm model for Fe, Mn and Pb metal 

adsorption on SCB were found in Fig. (8). The 

results show range of n (1.85 -2.64 L/mg) which 

indicates a favorable sorption process. For 

Freundlich model a multilayer adsorption happen on 

a heterogeneous adsorption surface that have 

different active sites and estimates the intensity 

adsorption process between the adsorbate and 

adsorbent [29,30]. 

From tables (2, 3-4) it is obvious that r2T is higher 

than r2L and r2F so adsorption process for Fe metal is 

fitted to the Temkin model (Fig. 9), r2F is higher 

than r2L and r2T so adsorption process for Mn metal 

is fitted to the Freundlich model, r2F is higher than 

r2L and r2T so adsorption process for Pb metal is 

fitted to the Freundlich model. Dhir and Kumar, 

[31] reported that, when n ranged from1 to 10, this 

mean adsorption process is good and, when 1/n less 

than 1 this indicate easy adsorption for all metals 

also, high adsorption intensity indicated from higher 

KF values. So results showed that, the metals were 

highly adsorbed on the prepared adsorbent as stated 

by [32]. 

 

   

  

  

Fig. 7: Langmuir isotherm model for Fe, Mn and Pb 

metal adsorption on SCB. 

Fig. 8: Freundlich isotherm model for Fe Mn and Pb 

metal adsorption on SCB. 
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 Fig. 9: Temkin isotherm for the adsorption of Fe Mn and Pb metal on SCB. 

 

Thermodynamic Parameter 

Thermodynamic parameters change in enthalpy 

(ΔH˚), change in entropy (ΔS˚) and change in free 

energy (ΔG˚) were determined by using Van’t Hoff 

equation; 

Ln kc=ΔS°R−ΔH° RT  (2) 

Where, kc is the equilibrium constant (L/g), T is 

the temperature in kelvin and R is the gas constant 

(8.314 J/ mol). Plot ln kc versus 1/T gives a straight 

line with slope and intercept equal to (ΔH°/R) and 

ΔS°/R, respectively [33]. The negative values of 

ΔH° indicate the exothermic nature of adsorption 

process for heavy metals. The negative value of 

entropy change (ΔS°) corresponds to a decrease in 

degree of freedom of the adsorbed species. 

ΔG° = ΔH° - TΔS°(3) 

The thermodynamic parameters values are 

shown in (Table 5) the negative values of ΔG° 

indicated that the adsorption of (Fe, Mn and Pb) on 

SCB is a spontaneous process, whereby no energy 

input from outside of the system is required. 

However, the decrease of ΔG°bytemperature 

increase mean that adsorption at lower temperatures 

became favorable [33]. As stated by Al Omari et al., 

[34] the reason for decreasing in adsorption at high 

temperature is related to when temperature 

increased, the movement of heavy metals molecules 

by increasing temperature, causing escape of them 

to the liquid phase from the solid phase. 

Table 5: Thermodynamic parameters for the adsorption of heavy metals (Fe, Mn and Pb) on chitosan and 

activated carbon particles 

Heavy 

metal 

Temp. 

(˚K) 
Ln Kc 

∆G˚ 

(kJ/mol) 

∆H˚ 

(kJ/mol) 

∆S˚ 

(J/mol.˚K) 

Fe 298 1.015 -2.37 -17.71 -0.051 

 303 0.852 -2.12   

 308 0.695 -1.86   

 313 0.498 -1.6   

 318 0.498 -1.35   

Mn 298 0.85 -1.85 -18.31 -0.055 

 303 0.62 -1.57   

 308 0.41 -1.29   

 313 0.28 -1.02   

 318 0.28 -0.74   

Pb 298 0.32 -0.39 -25.21 -0.083 

 303 -0.12 0.03   

 308 -0.2 0.44   

 313 -0.49 0.86   

 318 -0.49 1.28   

Conclusion 

This work deals with the removal of agriculture 

wastes by the production of useful biosorbent used 

for heavy metals removal. The present results found 

that with increasing in the absorbent dose, contact 

time and pH value the percentage of removal 

increased. But when the reaction temperature is 

raised regularly, it is observed that it negatively 

affects the metals removal. Also, by applying the 

adsorption kinetic equations, we found that the best 

equation explained the adsorption of Fe is Temkin 

isotherm equation, and in the case of Mn and Pb it 

was the Freundlich isotherm equation. For 

thermodynamic parameters ΔG° indicated that the 
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adsorption of (Fe, Mn and Pb) on SCB is a 

spontaneous process, this means no energy 

requiredfrom outside of the system. 
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