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ABSTRACT 

Iron removal from aqueous solution via ultrasound-assisted adsorption using Typha australis leaves as 

low cost adsorbent had been studied. The effects of various experimental parameters like mass of the 

Typha australis adsorbent and contact time have been investigated using a batch experiment. The 

adsorption kinetic data were analyzed using the Pseudo First Order (PFO) and Pseudo Second Order 

(PSO) models. The adsorption modeling was carried out using the Langmuir, Freundlich and Redlich-

Peterson adsorption models. For kinetic study, the adsorption process fitted the PSO model and agreed 

with chemisorption. Both the Langmuir and Redlich–Peterson models were found to fit the adsorption 

isotherm data well, but the Redlich– Peterson model was better. The maximum adsorption capacity 

from the Langmuir model (qmax) was 0.84 mg/g. The results of the present work showed that the Typha 

australis leaf, without any treatment has a good potential for iron removal from aqueous solutions via 

ultrasound-assisted adsorption. 

Keywords: ultrasound-assisted adsorption, nonlinear method, kinetics, isotherms. 

 

INTRODUCTION 

 

Heavy metal pollution is one of the major perils to the environment (Islam et al., 2015). 

Among the heavy metals, iron is one of the earth’s most abundant elements. Iron deficiency is 

the most common nutritional deficiency causing anemia (Miller, 2013). The iron toxicity may 

lead to various diseases like liver damage, hypothermia, etc. The presence of iron in aquatic 

media causes aesthetic and organoleptic problems (Inglezakisa et al., 2010). 

Some techniques have been developed for the removal of metals from water like chemical 

precipitation and ion exchange (Izadi et al., 2017), chemical and electrocoagulation (Martín- 

Domínguez et al., 2018), solvent extraction (Wang et al., 2020), electrochemical (Rosa et al., 

2017), bioelectrochamical (Sukrampal et al., 2020), biological operations (Gopi Kiran et al., 

2017), filtration (Almasian et al., 2018), membrane processes (Tian et al., 2020) and 

adsorption (Zhang et al., 2020). However, adsorption is one of the most widely applied 

techniques for iron and other pollutants removal. In addition, the activated carbon is cost-

prohibitive. 

For these reasons, researchers have concentrated on finding alternative natural adsorbents 

to activated carbon. Natural adsorbents are preferred for their biodegradable, non-toxic nature, 

low commercial value and highly cost-effective nature. 
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In this work, Typha australis, an abundant and available plant along the Senegal River, 

was chosen to investigate its adsorption capacity for iron present in aqueous solution using the 

ultrasound assisted batch operation. Insofar as, many authors have reported that the innovative 

technologies used in combination with adsorption is sonication (Zare- Dorabei et al., 2016). 

The effects of Typha australis leaf adsorbent mass and contact time on the adsorption 

efficiency of iron were studied using the batch experiment. The kinetics of iron adsorption on 

Typha australis leaves adsorbent was analyzed by Pseudo First Order (PFO) and Pseudo 

Second Order (PSO) kinetic models. Experimental equilibrium data were fitted to the 

Langmuir, Freundlich and Redlich-Peterson isotherm models. 

 

MATERIAL AND METHODS 

 

A stock solution containing 1,000 mg/L of iron was purchased. Iron solutions were prepared 

by diluting stock solution of iron to the desired concentrations in distilled water. The 

concentrations of iron in the solutions before and after adsorption were determined using an 

Atomic Absorption Spectroscopy PGG 990. 

Biomass of Typha australis growing along the Senegal River was collected from 

Mauritania. The collected biomass was prepared according to N’diaye et al, (2020a). Fourier 

transform infrared (FTIR) spectra of Typha australis leaves adsorbent before and after iron 

adsorption were recorded, in the range of 4000 to 500 cm
-1

, using an FTIR 650 (Lab Kits)  

Batch experiments were carried out by varying several experimental variables such as 

Typha australis leaves adsorbent dosage (0.1-3 g) and contact time (10–120 min). The 

adsorption isotherms were obtained by varying the initial iron concentrations from 1 to 50 

mg/ L. In all sets of experiments were sonicated by ultrasonic bath Fisherbrand FB15050 at 

pH 6.8. The concentrations of iron in the solutions before and after adsorption were 

determined using an Atomic Absorption Spectroscopy PGG 990. At the end of each 

experiment, the sonicated solution mixture was micofiltered and the residual concentration of 

iron was determined. The adsorption uptake at equilibrium time, qe, and the percentage of the 

removal R (%) was expressed by equations (1) and (2), respectively:        
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Where qe is the amount of iron adsorbed by Typha australis leaves adsorbent (mg/g), Ci is the 

initial iron concentration (mg/L), Ce is the iron concentration at equilibrium (mg/L), V is the 

solution volume (L) and m is the mass of Typha australis leaves adsorbent used (g).  

To estimate the adsorption mechanism can be considered as a physical or chemical 

mechanism, PFO and PSO models were applied to investigate the adsorption data (HO, 2006). 

The nonlinear kinetics PFO and PSO models may be expressed by (3) and (4), respectively:  

  

                                                                                                                
(3) 

 

           

                                                                                                             (4) 

)exp1( 1tk

et qq




tqk

tqk
q

e

e
t

2

2

2

1




Pollution 2022, 8(2): 397-406 399 

Where qt is the amount of iron adsorbed per unit mass of Typha australis leaves adsorbent 

(mg/g) at time t, k1 (L/min) is the PFO rate constant, k2 (mg/g min) is the PSO rate constant 

for adsorption, qe (mg/g) the amount of iron adsorbed at equilibrium and t is the contact time 

(min).  

Langmuir, Freundlich and Redlich-Peterson adsorption isotherms were used to analyze the 

adsorption isotherms of iron. The Langmuir adsorption isotherm model assumed that 

adsorption takes place at specific homogeneous sites within the adsorbent. The Langmuir 

equations are expressed by the following relation (Langmuir, 1918):  
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Where qe is the amount of iron adsorbed per unit mass of Typha australis leaves adsorbent 

(mg/g), kL is the Langmuir constant related to the adsorption capacity (L/g), Ce is the 

concentration of iron in the solution at equilibrium (mg/L), qm is the maximum uptake per unit 

mass of Typha australis leaves adsorbent (mg/g).  The factor of separation of Langmuir, RL is 

calculated by equation (6):  
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Where C0 is the higher initial concentration of iron and KL is the Langmuir constant. The RL 

value implies the adsorption to be defavourable (RL>1), linear (RL=1), favourable (0<RL<1), 

or irreversible (RL=0).                                                                                         

The Freundlich adsorption isotherm model considers a heterogeneous adsorption surface 

that has unequal available sites with different energies of adsorption. The Freundlich 

adsorption isotherm model is represented as follow (Freundlich, 1959): 

                                                                                                                                   
n
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Where KF (mg/g) (L/mg)
 n

 and 1/n are the Freundlich constants related to adsorption capacity 

and adsorption intensity, respectively.  

The Redlich–Peterson isotherm model combines the Langmuir and Freundlich models and 

the mechanism of adsorption is a hybrid one (Redlich-Peterson, 1959). The nonlinear 

representation of the Redlich–Peterson model is as in equation (8): 
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Where KRP (L/g) and αRP (L/mol) are the Redlich-Peterson isotherm constants, while n is 

the exponent, which lies between 0 and 1. The correlation coefficient (R
2
) values, by using the 

Solver Excel, are determined by following equation (9):                                                    
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Where qexp (mg/g) is equilibrium capacity from the experimental data, qavr (mg/g) is 

equilibrium average capacity from the experimental data and qmod (mg/g) is equilibrium from 

model.  So that R
2
 ≤ 100 – the closer the value is to 100, the more perfect is the fit. 

 

RESULTS AND DISCUSSION 

 

The results of the physical and chemical analysis showed pHpzc of 6.4, a moisture content of 

3.9 %, total surface acidity of 0.744 meq/g, total surface basicity of 0.376 meq/g and BET 

surface of 0.91 m
2
/g (N’diaye et al., 2020a). The quantification of the Typha australis 

adsorbent by Boehm titration reveals that the adsorbent has also the greatest content of acidic 

surface than the basic surface groups. The surface of the present study is comparable to that 

found by Barrera-Diaz et al., (2010) who reported a surface area of 0.84 m
2
/g of Typha 

latifolia. The value of the surface area of Typha australis without any thermal or chemical 

process is satisfactory when compared with other species of Typha studied in the literature 

whose preparations required excessive heat and chemical inputs and especially with the use of 

toxic acids and corrosive. The outcome of the ultimate elemental analysis of Typha australis 

leaves indicates that Oxygen (49.04 %) and Carbon (43.93 %) are the major constituents of 

Typha australis leaves along with the quantifiable amount of Hydrogen (5.87 %), Nitrogen 

(0.88 %) and Sulfur (0.28 %). We also observe that Typha australis contains only 0.88 % 

Nitrogen and 0.28 % Sulfur. This is consistent with the fact that the main constituents of 

Typha australis are cellulose and lignin (N’diaye et al., 2020b). 

Fig. 1 shows FTIR spectra of the Typha australis leaves adsorbent before and after iron 

adsorption. The result of the FTIR study of Typha australis leaves adsorbent showed 

absorption peaks located 3853, 3750, 3567, 2921, 2358, 1652, 1449 and 605 cm
−1

 (Fig.1). 

The small peak observed at 2921 cm
-1

 denotes the presence of the stretching C–H vibration in 

the quinine group. Peak at 1652 cm
-1

 are assigned to C=O (amide band/ OH). The absorption 

peak at 1449 cm
-1

 can be attributed to the presence of (CH2 and CH3). After iron adsorption, 

the slight shift of peaks was at 3750, 3735, 2913, 2362, 1654, 1449 and 593 cm
−1 

(Fig.1). 
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Fig. 1: FTIR spectra of Typha australis leaves adsorbent before (a) and after (b) Iron adsorption 

 

The changes observed in the FTIR spectrum reflects the evidence for the interaction 

between iron ion and the functional groups present on the surface of the Typha australis 

adsorbent that might be involved in the adsorption process of the metal.  Moreover, it could 

be seen that there was a slight shift of absorption peaks, but the intensity do not change after 

adsorption, which indicated a chemical adsorption. 

Variation of mass in the range 0.1–3 g at a fixed iron concentration (1 mg/L) for iron 

removal by Typha australis leaves is shown in Fig. 2. The results suggest that the increase in 

the mass of Typha australis leaves adsorbent results in an increase in adsorption. The 

percentage iron removal increases from 30.5 to 61 % when Typha australis leaves adsorbent 

dose is increased from 0.1 to 0.5 g in case of initial solution concentration of 1 mg/L. It is 

observed that the % removals of iron increased as the dose of Typha australis leaves 

adsorbent increased. About 0.5 g the % removal of iron increases slightly to 1 g to reach 

equilibrium. According to (Nair et al., 2014), this may be attributed to the increased adsorbent 

surface area, pores, active sites and the number of unsaturated sites. Finally, in the rest of the 

work for to determine the kinetic models and adsorption isotherms we have chosen 0.5 g of 

Typha australis leaves doses. 
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Fig. 2: Effect of Typha australis leaves dosage on Iron removal percentage 

 

The effect of contact time on removal of iron (1 and 5 mg/L) is shown in Fig. 3. The 

results showed that the removal of iron by adsorption on Typha australis leaves adsorbent was 

found to be rapid at the initial period of contact and then to slow down with increasing in 

contact time. At equilibrium, 69 and 43 % for 1 and 5 mg/L respectively are obtained with a 

contact time of 60 min for Typha australis leaves adsorbent which is shown in Fig. 3. The 

same results were reported by other investigators (Adekola et al., 2016; Kwakye-Awuah et 

al., 2019). 
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Fig. 3: Effect of contact time on the removal of Iron by Typha australis leaves adsorbent  

Figs. 4-5 show the experimental data and the predicted theoretical kinetics for the 

adsorption of iron onto Typha australis leaves adsorbent for 1 and 5 mg/L. The values of 

model parameters qe, k1, k2 and R
2
 are presented in Table 1.  
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Fig. 4: PFO and PSO non linear by Typha australis leaves adsorbent with initial Iron concentration of 1 mg/L 
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Fig. 5: PFO and PSO non linear by Typha australis leaves adsorbent with initial Iron concentration of 5 mg/L 

 

Table 1: PFO and PSO models constants and R2 for the adsorption of Iron by Typha australis leaves adsorbent 

Model Parameters 1 mg /L 5 mg /L 

 qexp 0.069 0.216 

PFO 
qe 0.069 0.210 

K1 0.048 0.097 
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 )%(
2

R  93.9 82.8 

PSO 

qe 0.081 0.226 

K2 0.71 0.66 

 )%(
2

R  96.2 93.5 

 

These results demonstrate that PSO model displays more satisfactory correlation for the 

adsorption of iron, suggesting that the adsorption process was predominantly controlled by 

chemical reactions between the iron and the adsorption sites of the Typha australis leaves 

adsorbent. Similar results are reported by other authors (Nagel-Hassemer et al., 2013). 

Fig. 6 show the experimental data fitted to non-linear forms of the three isotherms for iron 

adsorption by Typha australis leaves adsorbent. The isotherms constants related to Langmuir, 

Freundlich and Redlich-Peterson models determined from the plots shown in Fig. 6 are listed 

in Table 2.  

                                               

 
Fig. 6: Comparison between the experimental and predicted isotherms for the adsorption of Iron by Typha 

australis leaves adsorbent 

 
Table 2: Parameters of the Langmuir, Freundlich and Redlich-Peterson isotherms of Iron by Typha australis 

leaves adsorbent 

Model Parameters Value 

Langmuir 

qm 0.84 

KL 0.15 

RL 0.12 

)%( R2 
 98.6 

Freundlich 

1/n 0.42 

KF 0.16 

R2 )%( 97.3 

Redlich-Peterson 

KRP 0.18 

αRP 0.41 

n 0.83 

)%(2R  99.04 

 

From Table 2, the Redlich–Peterson and Langmuir models gave the highest R
2
 values 
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showing that the adsorption isotherms of iron by Typha australis leaves were best described 

by these two models. It was observed that both the Langmuir and Redlich-Peterson isotherms 

could well represent the experimental adsorption data. The suitability of the Langmuir 

isotherm to fit the data was confirmed by the exponent value of the Redlich-Peterson model, 

n, which was near to 1 confirming that the surface of Typha australis leaves adsorbent is 

homogenous for iron adsorption. The monolayer adsorption capacity, qm, was found to be 

0.84 mg/g. In addition, the values of RL, KL and 1/n are in between 0 and 1 indicating that the 

adsorption of iron by Typha australis leaves adsorbent is favorable.   

 

CONCLUSION  

 

The adsorption of iron from aqueous solutions using Typha australis leaves as a low cost 

adsorbent has been studied. The obtained results showed that the PSO model fit the 

experimental data well and agreed with chemisorption. The equilibrium data were analyzed 

using non-linear method by fitting them to the Langmuir, Freundlich and Redlich–Peterson 

model equations. Both the Langmuir and Redlich–Peterson isotherms represent well the 

experimental adsorption data. The maximum adsorption capacity was found to be 0.84 mg/g. 

The values of RL, KL and 1/n are in between zero and one. This confirms that the adsorption 

of iron onto Typha australis leaves adsorbent is favorable. It can be concluded that the natural 

Typha australis leaves, without any treatment, could be a promising adsorbent for iron 

removal from aqueous solution via ultrasound-assisted adsorption.  
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