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In this study, the biomass waste of bagasse sorghum was utilized as 

adsorbent to reduce heavy metal. Bagasse sorghum was modified using 

citric acid to enhance the adsorption of Fe(III) ions. The surface 

morphology, surface functionality, the surface area, and the pore size 

distribution were identified by using field emission scanning electron 

microscope (FESEM), Fourier transforms infrared spectroscopy (FTIR) 

and Brunauer and Teller (BET), and BJH method, respectively. The 

adsorption parameters were examined. Kinetics and isotherm were also 

evaluated. The kinetics models fitted well to the pseudo-second-order 

model, indicating the adsorption mechanism of Fe(III) onto the modified 

bagasse sorghum (MBS) was chemisorption supported by the Elovich 

model. The isotherm study was described well by the Freundlich model (R2 

= 0.941) with maximum adsorption of 45.872 mg.g-1. It was shown that the 

low-cost natural adsorbent MBS has potential as a new promising 

biodegradable adsorbent for Fe(III) removal from aqueous solution 
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INTRODUCTION 

Untreated industrial waste is the main 

contributor to heavy metal contaminants in waters. 

The contamination of heavy metals could cause 

several problems to the environment and 

ecosystem health (Khosravihaftkhany et al., 

2015). The ferrous (Fe(III)) ions are one of the 

heavy metals that are dangerous and need to be 

handled seriously. The Fe(III) ions can be found 

in ore mining activities, corrosion of water pipes, 

steel industry, pesticides, ceramics, and batteries 

(Nurhayatun Nafsiyah, Anis Shofiyani, 2017). 

The WHO gives the maximum standard of Fe(III) 

in the drinking water, about 0.3 mg/L. The 

excessive Fe(III) ions in human bodies can cause 

anorexia, diabetes mellitus, liver cancer, and other 

serious diseases (Anbia and Amirmahmoodi, 

2016). Standard techniques to remove heavy metal 

contaminants include ion exchange, adsorption, 

reverse osmosis, solvent extraction, and chemical 

precipitation (Ghosh et al., 2011, Shaidan et al., 

2012, Lo et al., 2012, Wang et al., 2014). 

Adsorption is a promising method that is cost-

effective, simple, easy to use and requires no 

additional pollution (Liu et al., 2015). One of the 

adsorption processes that can remove heavy 

metals can occur through the interaction between 

biomass and metal waste; this process can be 

called biosorption. The dead or waste biomass, 

live plants, and bacteria are candidates for 

biosorbent with different adsorption capabilities 

(Das et al., 2008). Sawdust, wheat husk, maize 

corn cob, sugarcane bagasse, orange peels, 

groundnut shells, coconut shells, waste gayo 

coffee, spent green tea leaves, and walnut shells 

have been reported as potential biosorbent (Das et 

al., 2008, Almasi et al., 2012, De Gisi et al., 2016, 

Segovia-Sandoval et al., 2018, Mariana et al., 

2019, 2021, Tejada-Tovar et al., 2021, Jóźwiak et 

al., 2021). The utilization of biomass as an 

adsorbent due to its abundance and low cost. 

Sorghum bagasse (SB) is an agricultural 

waste from the sugar industry that consists of three 

biological polymers (cellulose, hemicellulose, and 

lignin) (Sun, 2010). SB contains 58.23% cellulose, 

25.42% hemicellulose, and 14.95% lignin.  

Lignocellulosic has functional groups: carboxyl 

groups, and hydroxyl groups, to bind with metal 

ions (Sun, 2010). Pre-treatment of biomass has 

been modified to increase the porosity and surface 

area due to the removal of lignin, hemicellulose, 

and cellulose crystallinity in the adsorbent (Xu et 

al., 2013). Various chemical treatments have been 

used to modify biomass, such as sulfuric acid, 

hydrochloric acid, nitric acid, citric acid, tartaric 

acid, and phosphoric acid (Wan Ngah and 

Hanafiah, 2008). The enlarged pore size of the 

biomass during the modification process could 

also be induced the metal ions will easily enter the 

pores of the biomass (Suhendrayatna and Zaki, 

n.d., Wartelle and Marshall, 2000). Citric acid is 

one of the chemicals rich in hydroxyl and carboxyl 

groups that have the advantage of modifying the 

biomass. The functional group of citric acid on the 

biomass surface could interact with metal ions 

during removing heavy metal pollutants (Monroy-

Figueroa et al., 2014). In previous studies, 

Sandoval et al. (2018) used citric acid to treat the 

walnut shells for removal of Zn(II), and the 

adsorption capacity of treated walnut shells was 

enhanced 2.5 fold (Segovia-Sandoval et al., 2018). 

Hoang et al. (2021) demonstrated their adsorbent: 

sugarcane bagasse treated with citric acid for 

Pb(II) adsorption with an adsorption capacity of 

around 97 mg/g (Hoang et al., 2021). The above 

results reveal that chemically modified using citric 

acid could use as a treated adsorbent. In this study, 

sorghum bagasse (SB) as a potential sorbent was 

modified with citric acid and applied to reduce the 

Fe(III) adsorption in the aqueous solution. Several 

parameters: pH, contact time, adsorbent 

concentration, and the initial metal concentration, 

were evaluated. Adsorption kinetics and isotherm 

models were analyzed for the adsorption 

performance of modified SB. These results may 

affect the reduced Fe(III) in the aqueous solution. 

METHOD 

Materials  

Sorghum bagasse, citric acid (Merck), 

sodium acetate (CH3COONa) (Merck), and Iron 

(III) chloride hexahydrate (FeCl3.5H2O) (Merck). 

All other chemicals and reagents used in the 

experiments were analytical grade. Distilled water 

was used throughout the experiment.  

Preparation of modified sorghum bagasse and 

characterization 

Sorghum bagasse (SB) was collected from 

the Research center for biotechnology and was 

washed several times to remove the impurities. It 

was dried at 60oC for 24h. after that. It was ground 

and sieved to obtain a particle with a size of 

0.841mm. The SB was treated chemically using 

citric acid (CA). 75 gr of SB was immersed in 

1000mL of CA (3 M) under a stirrer for 4h at a 
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temperature of 60oC. Then, the mixer was cooled 

to room temperature following filtration. The solid 

SB was heated at a temperature of 80oC for 24h. 

after that, the temperature was increased to 110oC 

for 3h. The modified SB (MBS) was washed until 

it reached neutral pH to remove the excess CA. 

Then, the MBS was dried at 60oC for 24 h, sealed, 

and stored for later use in characterization and 

adsorption studies. 

The morphology of sorghum bagasse (SB) 

and modified sorghum bagasse (MSB) were 

examined using Field emission scanning electron 

spectroscopy (FESEM, Thermo Scientific Quattro 

S). The Brunauer and Teller (BET) and BJH 

methods determined the surface area and the pore 

size distribution. The surface functional group was 

analyzed using Fourier transform infrared 

spectroscopy (FTIR, Perkin Elmer) with an 

attenuated total reflectance method at a resolution 

of 4 cm-1 in the 400 cm-1 – 4000 cm-1.  

Determination of pH at point of zero charges 

(pHPZC) 

The pH of the point of zero charges (pHPZC) 

was determined using a pH meter (metrohm) 

based on the previous method (Oliveira et al., 

2021). Specifically, 0.01 M NaCl was adjusted to 

pH between 2 and 10 using 0.1 M HCl or NaOH. 

150 mg samples were mixed with 50 mL of each 

solution followed by agitation at 150 rpm for 48 h. 

The pH of the supernatant was then measured, and 

pHPZC is the point where a plot of pH final vs. pH 

initial crosses the line pH last = pH initial. 

Study adsorption 

 The adsorption experiment was obtained 

in a batch adsorber using an Erlenmeyer flask of 

350 mL with a volume of 100 mL and a stirring 

speed of 150 rpm. The effect of parameters such 

as pH, adsorbent dosage, contact time, and initial 

concentration was analyzed. The effect of pH was 

studied in a range of 2 – 6, and the amount of 

adsorbent dosage was 0.6 – 6 g.L-1. For the effect 

of contact time, the mixture of SB and Fe(III) was 

shaking at a different time from 1 to 240 min; then 

the data fitted to kinetic, the effect of initial 

concentration of Fe(III) was 60 – 420 mg/L, the 

data then used to assess isotherm study. The 

removal of Fe(III) and the adsorption capacity of 

MBS on Fe(III) were calculated using equations 1 

and 2, 

𝐹𝑒 (𝐼𝐼𝐼) 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 (%) =
𝐶𝑒−𝐶0

𝐶0
 (1) 

𝑞𝑒(𝑚𝑔/𝑔) =
(𝐶𝑒−𝐶0) × 𝑉

𝑚
  (2) 

where Co and Ce are the initial and final 

concentrations (mg/L) of Fe(III), V is the volume 

of Pb(II) (L), and m is a dose of the adsorbent (g). 

Adsorption kinetics 

Kinetics are needed to determine the time it 

takes the system to achieve equilibrium. The 

adsorption kinetic was analyzed using the pseudo-

first-order model (PFO), pseudo-second-order 

model (PSO), Elovich, and intraparticle diffusion. 

The equations of kinetic models are in Table 1. 

Adsorption isotherms 

The adsorption isotherms describe the 

adsorbate-adsorbent interaction. In these studies, 

the mathematical models of Langmuir, 

Freundlich, Temkin, and Dubinin–Radushkevich 

(D–R) were used to fit the experimental data 

obtained. The equations of kinetic models are in 

Table 2.  

RESULT AND DISCUSSION 

Morphology and BET analysis 

SEM was performed to observe the 

morphology of BS and MBS before and after 

treatment using CA. The SEM micrograms of BS 

and MBS are presented in Figure 1, which both 

show compact and rough surfaces with layering 

fibers. The changes in morphology can be 

observed, whereby the surface of MBS was porous 

and smoother than BS. This indicates that 

chemical treatments using CA has been 

successfully modified the morphology due to the 

removal of wax and other extractives from the 

surface and also help fill up the pores (Zhong et 

al., 2012). These pores may have favored for 

removal of Fe(III) as active sites and increased 

their surface area. The surface area confirmed the 

dense structure of SB to be 0.428 m2/g with total 

pores of 0.0022 cm3/g, and for MBS, the surface 

area of 0.290 m2/g with entire pores of 0.0015 

cm3/g. This result is similar to previous studies 

where natural bagasse has a fibrous and compact 

structure; after chemical treatment, some parts of 

the fibrous degrade, and there are many pore holes 

(Tahoon et al., 2020, Leon et al., 2020).  
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C 
Figure 1 The SEM image of (A) SB, (B), and (C) MBS

FTIR analysis  

The functional group of SB and MSB was 

performed by FTIR analysis. The spectra of SB 

and MSB showed in Figure 2. The spectra exhibit 

a characteristic peak of lignocellulosic (cellulose, 

hemicellulose, and lignin). The presence of 

adsorption around 3300 cm-1 is attributed to 

stretching vibration of OH group, a hydrogen bond 

or H2O; band around 2921 to 2850 cm-1 

corresponds to -CH of an aliphatic group; band 

around 1720 cm-1 is attributed to C=O bond of the 

carboxyl groups;  band around 1628 cm-1 is 

associated to CH2 symmetric bending; 1367 and 

1362 cm-1 associated to C-H bending and O-H 

bending; and a sharp peak at 1019 cm-1 

corresponding to C-O vibration (Dungani et al., 

2016, De Gisi et al., 2016, Candido and 

Gonçalves, 2016). As presented in Figure 2, the 

changes in the intensity of the peak at 1720 cm-1 

suggest that esterification occurred between 

carboxylic groups of citric acid and hydroxyl 

groups in cellulose, hemicellulose, and lignin in 

MBS (Nurfahmi et al., 2016). These suggest that 

the carboxylic group, C-O-H bending, and C-O 

vibration could support the adsorbed Fe(III). 

 
Figure 2 FTIR spectra of BS and MBS 

Point of zero charges (pHPZC) and pH studies 

The pH at the point of zero charges (pHPZC) 

is a preliminary assessment of the adsorbent 

surface charge, while the charge of the adsorbent 

surface is zero (Segovia-Sandoval et al., 2018). At 
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the lower value of pHPZC, the charge of the 

adsorbent surface is negative and positive above 

pHPZC (Zaidi et al., 2018). Figure 3A shows the 

plot of the initial pH vs. final pH, wherein the 

pHpzc value of SB was obtained at around 3.19. 

The electrostatic interaction between the 

negatively charged adsorbent surface with Fe(III) 

ions is favored in the adsorption process. The pH 

dependence of equilibrium adsorption Fe(III) ions 

is investigated in the range 2 – 6, shown in Figure 

3B. The results showed that the adsorption 

capacity of Fe(III) ions onto SB increases with 

rising pH and slightly decreases at higher pH. The 

optimum pH of the adsorption process using SB at 

pH 5. The negative charge of the adsorbent surface 

and deprotonation on the adsorbent increases 

cause increasing adsorption capacity, but with an 

increase in pH, the formation of soluble hydroxyl 

complexes could decrease the adsorption capacity 

(Pehlivan et al., 2012).  

 
A 

 
B 

Figure 3 pHPZC of MBS (A) and effect of pH on SB 

adsorption (B) 

The impact of MBS dosage 

To investigate the effect of MBS dosage, 0.6 

– 6 g.L-1 of MBS was used while keeping the other 

parameters constant, i.e., initial Fe(III) 

concentration of 300 mg.L-1, pH 3, and continuous 

time of 60 min. Figure 4 shows that the percentage 

removal of Fe(III) increased with the increase in 

the adsorbent dose. On the other hand, the qe 

decrease when the adsorbent dosage increase. 

These results may be due to the number of the 

active site on the MBS, whereas the decline 

indicated the aggregation and overlapping of 

adsorption sites (Kırbıyık et al., 2017).  

 
Figure 4 Effect of adsorbent dosage on Fe(III) 

removal using MBS 

The effect of contact time 

The effect of contact time was evaluated at 

intervals from 1 to 240 min while keeping other 

parameters (initial Fe(III) concentration 300 

mg/L, pH 3, and adsorbent dosage 1.5 mg.L-1). 

Figure 5 shows the effect of contact time on Fe(III) 

ion uptake by adsorbents. The Fe(III) uptake rate 

reaches equilibrium at 60 min contact time. The 

prolonged contact time may indicate that the 

adsorbent has a bigger capacity (Mariana et al., 

2021). In the beginning, the adsorbent fast adsorb 

the Fe(III) until it reaches an equilibrium state. It 

is because of the large active sites on the MBS that 

easily interact with Fe(III) ions but with increasing 

time, the active sites become saturated (Sheibani 

et al., 2012). 

Adsorption kinetics of Fe(III) on MBS 

A kinetic study is needed regarding the 

mechanism of the adsorption process controlled 

by mass transfer (physical adsorption) or chemical 

adsorption. Adsorption kinetics modeling of 

Fe(III) adsorption onto MBS was carried out by 
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using the pseudo-first-order model (PFO), pseudo-

second-order model (PSO), Elovich kinetics 

model, and intraparticle diffusion. The equation 

from each kinetics model can be seen in Table 1, 

while the value of the kinetics of Fe(III) ions 

adsorption on MBS is shown in Table 2. The 

summarized data from table 3, show that Fe(III) 

adsorption onto MBS fitted with PSO models (R2 

= 0.998) compare with other models (R2 PFO = 

0.393, Elovich = 0.793 and  intraparticle diffusion 

= 0.572). These results indicate that Fe(III) 

removal may be controlled by a chemisorption 

process involving electrostatic forces (Sajjadi et 

al., 2019). The value of adsorption capacity of 

Fe(III) obtained from the experiment (qexp = 

14.759 mg.g-1) quite similar with the value 

obtained from theoretical calculations (qe,cal = 

14.970     mg.g-1) using the PSO model. These 

results are also supported by the Elovich model, 

where the chemisorption rate is 17.252 mg.g-1. 

min-1 and surface coverage 0.452 g.mg-1.  

 
Figure 5 The plot of the amount of Fe(III) ion uptake 

with MBS

  

(a) (b) 

 

 

(c) (d) 

Figure 6 Langmuir (a), Freundlich (b), Temkin (c), and Dubinin–Radushkevich (D–R) (d) isotherm for the 

removal of Fe (III) onto MBS 
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Table 3 The value of the kinetics of Fe(III) ions adsorption on MBS 

Kinetic models Parameters Value  

PFO R2 

K1 (min-1) 

qe (mg.g-1) 

0.393 

0.0027 

14.365 

PSO R2 

K2 (min-1) 

 

qe (mg.g-1) 

0.998 

0.025 

 

14.970 

Elovich R2 

α (mg.g-1. min-1) 

β (g.mg-1) 

0.793 

17.252 

0.452 

Intraparticle diffusion R2 

Kid (mg.g-1. min-0.5) 

C  (mg.g-1) 

0.572 

0.755 

5.966 
 

Table 4 Comparison of Fe(III) adsorption using MBS adsorbent with various other adsorbents that have been 

previously reported. 

Adsorbent pH 
qe 

(mg. g-1) 
Ref 

Carbon from Tamarind seed 7.9 0.0069 (Mopoung et al., 2015) 

Sago-Kaoline Dregs 4 1.689 (Cici et al., 2017) 

Chitosan films 4.5 621.2 (Marques et al., 2018) 

Cocoa (Theobroma cacao) Pod Husk 7.5 4.16 (Obike et al., 2018) 

Orange peel 

Tea leaves 

9 0.037 

42.37 

(Rifat Mamun et al., 2019) 

Modified Candlenut Shell 5 15.15 (Simanjuntak et al., 2020) 

Modifies bagasse sorghum (This study) 5 45.872  

Adsorption Isotherm of Fe(III) on MBS 

The interaction between the adsorbate and 

adsorbent that give results favorable or 

unfavorable can be determined by the isotherm 

shape. The experimental sorption equilibrium data 

uses four isotherm models, including Langmuir, 

Freundlich, Temkin, and Dubinin–Radushkevich 

(D–R). The isotherm models and the results of the 

isothermal modeling are shown in Table 2. The 

plotted graphs of Langmuir, Freundlich, Temkin, 

and Dubinin–Radushkevich (D–R) isotherm for 

removing Fe (III) onto MBS are shown in Figure 

6. Based on the results, it can be seen from the 

correlation that the isotherm adsorption of Fe(III) 

on MBS occurs with the Freundlich isotherm 

model (R2 = 0.941). The Freundlich models 

parameter shows n and KF, representing the 

adsorption intensity and the adsorption capacity, 

respectively(Foroutan et al., 2018). These 

suggested that the mechanism of the adsorption 

process on the adsorbent was heterogeneous and 

multilayer. From Table 3, the maximum 

adsorption capacity based on Langmuir models 

was estimated at around 45.872 mg.g-1. The 

comparison of the performance of the adsorbent 

with other adsorbents in the adsorption of Fe(III) 

is presented in table 4. Table 4 shows that waste 

biomass performed adsorption on Fe(III) with 

different pH and various level adsorption 

capacities; the qe value of MBS can compete with 

other adsorbents. Modified Candlenut Shell has 

the same pH parameter as MBS but with lower 

absorption capacity; this indicates that  MBS  can 

be used as a potential candidate adsorbent to 

adsorb Fe (III). 

CONCLUSION 

This study investigated the adsorption 

performance of MBS to remove Fe(III) ions. The 

MBS was characterized by FESEM, FTIR, and 

BET surface area analyses. The morphology of 

MBS shows that the porosity and voids were 
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increased after treatment using citric acid. The 

FTIR results for MBS described that carboxyl and 

hydroxyl contribute to the Fe(III) adsorption on 

MBS. The BET results in a surface area of 0.290 

m2/g with total pores of 0.0015 cm3/g. In batch 

equilibrium studies, the maximum adsorption 

capacity was obtained at 5 pH values, 45.875 mg. 

g-1, and 60 min contact time at room temperature. 

The kinetics models of Fe(III) onto MBS follow 

pseudo-second-order (PSO) and are supported by 

the Elovich model. The Freundlich model fitted 

better than the other models. Overall, the MBS has 

shown its potential as an effective and low-cost 

adsorbent for removing Fe(III) from an aqueous 

solution.  
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