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ABSTRACT 

The applicability of Asparagus plant functionalized with iron oxide nanoparticles synthesis 

for eliminating dyes from aqueous media has been confirmed. The techniques including FT-

IR, BET, XRD and SEM for investigation showed the applicability of Asparagus plant 

functionalized with iron oxide nanoparticles as adsorbent for proper deletion of Methyl 

Orange dye from aqueous, and article the values of 15 mgL
-1

, 0.1 g, 7.0, 20.0 min were 

considered as the ideal values for Methyl Orange dye concentration, adsorbent mass, pH value 

and contact time respectively. The adsorption equilibrium and kinetic data were fitted with the 

Langmuir monolayer isotherm model (q: 0.9915) and pseudo-second order kinetics (R
2
: 

0.998) with maximum adsorption capacity (qmax: 167.7 mgg
-1

) respectively. Thermodynamic 

parameters (ΔG°: -11.42 kJ mol
-1

, ΔH°: 33.3 kJ mol
-1

, ΔS°: 145.8 kJ mol
-1

 K
-1

), also indicated 

Methyl Orange dye adsorption is feasible, spontaneous and endothermic. Overall, taking into 

account the excellent efficiency, good regeneration and acceptable performance in real terms, 

Asparagus plant-capped Fe3O4NPs can be introduced as a promising absorbent for dyes 

removal from aqueous solutions. 
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1. INTRODUCTION

Water
1
 is the most important substance 

for all life on earth and it is also a valuable 

resource for human civilization [1], 

approximately 780 million people do not 

have access to improved quality of water 

sources, so it is the major worldwide 

challenge for the 21st century to provide 

clean and affordable water to human life. 

Rapid industrialization as well as 

urbanization helps in releasing heavy 

                                                 
*
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metals, dyes, pharmaceuticals, endocrine 

disruptors, and various pollutants in water 

bodies [2]. Water is a major route through 

which metals, dyes and other elements can 

enter in human body easily due to 

consumption of contaminated water [3]. 

Dyes are extensively used for various 

industries for coloring fabrics, and it is of 

great importance in creating visual 

aesthetics. During the past few years, there  
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has been an increasing concern regarding 

the residual dye in textiles, as it will be 

released into the environment. Residual 

dye is produced when an incomplete or 

excess of dyes onto textile fiber is 

incoming out during an aqueous dyeing 

and washing process [4,5]. 

Azo dyes are divided according to the 

presence of azo bonds (–N=N–) in the 

molecule; these include mono azo, diazo, 

triazo, etc. [6]. Azo dyes resist the effect of 

oxidation agents and light, thus they 

cannot be completely treated by 

conventional methods of anaerobic 

digestion. Methyl Orange as shown in (Fig. 

1), a well-known azo dye, is used in 

various industries as redox indicator is 

widely used by industries [7,8]. 

Adsorption is a diverse process and is 

extensively used to remove contaminants 

from the wastewater. Adsorption is one of 

the best and simple techniques for the 

removal of toxic and noxious impurities in 

comparison to other conventional protocols 

such as flocculation, membrane filtration, 

advanced oxidation, ozonation, photo 

catalytic degradation, and biodegradation 

[9-12]. Activated carbon is mainly used as 

an adsorbent in adsorption processes. 

However, the extensive application of 

activated carbon in wastewater treatment 

are limited due to its higher cost [13]. 

Furthermore, it should be noted that the 

application of the adsorption process 

depends largely on the availability of 

inexpensive adsorbents; the recent 

initiatives in the adsorption process have 

inspired the researchers to find available 

adsorbents and high frequency [14]. The 

addition of metal oxide nanoparticles to the 

polymer matrix many benefits exist for 

adsorption and removal pollutants. Iron 

nanoparticles including a large surface 

area, being widely accessible, being stable 

in an acidic/basic environment, and having 

a stable structure at high temperatures one 

of the most widely used nanoparticles is 

the adsorption process [15]. Hence, it has 

been extensively used for removal of 

different chemicals from aqueous 

solutions. Of these methods, 

nanomaterial’s based adsorbents is highly 

recommended for dyes pollutants removal 

[16,17]. The efficient applicability of an 

adsorption process mainly depends on the 

physical and chemical characteristics of 

the adsorbent, which is expected to have 

high adsorption capacity and to be 

recoverable and available at economical 

cost. Currently, various potential 

adsorbents have been implemented for 

removal of specific organics from water 

samples. In this regard, magnetic 

nanoparticles (MNPs) have been studied 

extensively as novel adsorbents with large 

surface area, high adsorption capacity and 

small diffusion resistance. For instance, 

they have been used for separation of 

chemical species such as environmental 

pollutants, metals, dyes, and gases [18,19]. 

Iron nanoparticles including a large surface 

area, being widely accessible, being stable 

in an acidic/basic environment, and having 

a stable structure at high temperatures one 

of the most widely used nanoparticles is 

the adsorption process [17-19].  

In the present work, Asparagus plant-

capped Fe3O4NPs as a novel adsorbent was 

simply synthesized. Via studying the 

experimental conditions of pH, contact 

time, initial (MO) dye concentration, 

adsorbent dosage and the dye removal 

percentage, were investigated and 

optimized. It was shown that the 

adsorption of (MO) dye follows the 

pseudo-second-order rate equation. The 

Langmuir model was found to be applied 

for the equilibrium data explanation. It was 

shown through the study of Kinetic models 

(both pseudo-first-order, pseudo-second-

order diffusion models) that the kinetic of 

adsorption process is controlled by the 

pseudo-second-order model.  The 

capability of Asparagus plant-capped 
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Fe3O4NPs in eliminating of (MO) dye 

from wastewater treatment was 

demonstrated by evidences.    

 
Fig. 1. Chemical structure of Methyl Orange (MO) 

dye. 

  

2. EXPERIMENTAL  

2.1. Chemical and instruments 

Methyl Orange (MO) dye (99%), Iron 

Oxide (%), sodium hydroxide (99%), 

hydrochloric acid (37%). They were 

supplied from Merck (Darmstadt, 

Germany). The morphology of samples 

was studied by scanning electron 

microscopy (SEM: KYKY-EM 3200, 

Hitachi Company, China) under an 

acceleration voltage of 26kV). The pH/Ion 

meter (model-728, Metrohm Company, 

Switzerland, Swiss) was used for the pH 

measurements. Dyes concentrations were 

determined using Jasco UV–Vis 

spectrophotometer model V-530 (Jasco 

Company, Japan). 
 

2.2. Preparation Asparagus plant-capped 

Fe3O4NPs 

Fe3O4NPs were prepared by mixing 

FeCl2·4H2O (2.74 g), FeCl3·6H2O (3.11 g) 

and 0.85 mL concentrated hydrochloric 

acid into 25 mL deionized water. In the 

designed method, the synthesis of 

Fe3O4NPs was done by introducing 

nitrogen gas through a sparer into the 

solution for oxygen removal. The bubbling 

of nitrogen gas through the solution 

protects Fe3O4 against critical oxidation 

and reduces the particles size when 

compared to synthesis methods without 

oxygen removal [20].   

During the whole process, the solution 

temperature was maintained at 80
º
C. After 

completion of the reaction, the obtained 

Fe3O4NPs were separated from the 

reaction medium by the magnetic field, 

then we increased the bath temperature to 

90
°
C. The sediment suspension was stirred 

for 3 hours. Stirring was stopped and the 

suspension was placed in the laboratory for 

2 hours. The carbon-produced suspensions 

were prepared from a leaf medlar with an 

equal weight ratio and after analysis, BET, 

XRD, FT-IR and SEM were used as 

adsorbent. 

 

2.3. A typical adsorption experiment  
Generally, batch method is currently 

used in adsorption studies. 250 mL 

solution having (15 mg/L), concentration 

of (MO) dye was prepared and the effect of 

parameters affecting the removal (MO) 

dye including initial concentration of the 

ion, pH, dosage sorbent in the range (0.02 

to 2.0 g), time intervals (5 to 30 min) were 

agitated at a constant rate of 200 rpm in a 

temperature-controlled orbital shaker 

maintained at 301
o
C was studied in the 

process. In order to determine the probable 

amount of (MO) dye onto Asparagus 

plant-capped Fe3O4NPs, using a using a 

double beam UV–vis spectrophotometer 

(jasco, Model UV–vis V-530, Japan) set at 

wavelengths 650 nm for (MO) dye as show 

in (Fig. 2), and the equilibrium 

concentrations and removal efficiency (%) 

of the (MO) dye were calculated according 

to equations (1) and (2), respectively. 

Meanwhile, all experiments were 

performed five times and final results were 

presented as mean values. 

   
      

  
                                         (1) 

 

   
        

 
                                        (2) 

 

C0 (mg/L) in the formula refers to the 

initial (MO) dye concentration and Ce 

(mg/L) represents the equilibrium (MO) 

dye concentration in aqueous solution. V 

(L) shows the solution volume and W (g) 

signifies the mass adsorbent [21,22].    
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Fig. 2. Absorption spectra of (MO) dye onto 

Asparagus plant-capped Fe3O4NPs. 

 

3. RESULTS AND DISCUSSION  

3.1. The evaluation special surface of 

Asparagus plant-capped Fe3O4NPs as an 

adsorbent 

The Brunauer–Emmett–Teller (BET) 

analysis was used for determination of 

surface area of the Asparagus plant-capped 

Fe3O4NPs by N2 adsorption before and 

after (MO) dye adsorption. The decrease of 

surface area indicate that (MO) dye is 

almost in almost all Asparagus plant-

capped Fe3O4NPs pores after absorption 

[23]. The adsorption capacity with an 

increase in the number of adsorbed 

Fe3O4NPs, the relative partial pressure 

range on the adsorption isotherms 

gradually decreases. This is because the 

Fe3O4NPs, in the composite spread into 

Asparagus plant channels, made the 

channels narrow and the pore volume 

decrease. The gradual decrease of BET 

specific surface area indicates that the 

Fe3O4NPs, and has entered the Asparagus 

plant pores rather than adsorbed on the 

outer surface of the Asparagus plant. By 

comparing the pore size distribution of the 

samples, it can be seen that with the 

increase of gradually the increase of the 

number of adsorbed Fe3O4NPs, the most 

probable pore diameter is gradually 

reduced. This is because when the 

Fe3O4NPs, was introduced into the 

Asparagus plant, channels, the most 

probable pore diameter reduced, indicating 

that the Fe3O4NPs, entered the Asparagus 

plant channels in the (Table.1).  

FT-IR analysis - The FT-IR spectra of 

Asparagus plant-capped Fe3O4NPs in the 

400–4000 cm
-1

 wave number range, as 

demonstrated in Fig. 3, the FT-IR spectrum 

of Asparagus plant-capped Fe3O4NPs 
presents clear peak at 877 cm

-1
 related to 

Fe–O. The absorption band at 1635 and 

1532 cm
-1

 is due to the O–H bending 

vibration from the water molecules 

adsorbed into Asparagus plant-capped 

Fe3O4NPs (Fig. 3). The novel emerging 

signal at 3350 cm
-1

 can be attributed to –

OH stretching [24]. 

XRD analysis - Different X-ray 

emission peaks are Asparagus plant-

capped Fe3O4NPs shown in (Fig. 4). The 

signal at 2θ = 24.7
° 

(311) is ascribable to 

diffractions and reflections from the 

carbon atoms. The positions of diffraction 

peaks are in agreement with the standard 

samples of Asparagus plant-capped 

Fe3O4NPs [25].  

Surface morphology - The 

morphological properties of Asparagus 

plant-capped Fe3O4NPs was investigated 

by FE-SEM and is exhibited in (Fig. 5), 

Asparagus plant-capped Fe3O4NPs after 

surface modification came to be uneven, 

bigger and agglomerate. It can be seen that 

the particles are mostly spherical with the 

various size. Based on the particle size 

distribution, we obtained the average 

particle size in the range of 45-65 nm very 

close to those determined by XRD analysis 

[26].  

 

Table 1. Characteristics of the Asparagus plant-capped Fe3O4NPs. 

Particle size range (µm) Surface area (m2/g) Loss of mass on ignition Bulk density (g/mL) Parameter 

45.0-250.0 250.0 0.6235 0.607 Value 
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Fig. 3. FT-IR transmittance spectrum of the prepared Asparagus plant-capped Fe3O4NPs.  

 

 
Fig. 4. X-ray diffraction of Asparagus plant-capped Fe3O4NPs.  

 

 
Fig. 5. The (SEM) image of the prepared Asparagus plant-capped Fe3O4NPs.  
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3.2. Impact of pH on the adsorption  

The impact of pH value in the 

adsorption process is considerable. The 

deletion of (MO) dye onto sorption 

Asparagus plant-capped Fe3O4NPs as a 

function of pH by varied sorbent is shown 

in (Fig. 6). To control optimum pH for the 

highest deletion of (MO) dye, the 

measurement of equilibrium adsorption of 

(MO) dye was done at varied pH levels 

from 1.0 to 8.0 through adjusting the initial 

(MO) dye concentrations at 15 mg/L and 

the summary of the obtained outcomes are 

displayed [26, 27]. The highest deletion 

percentages of (MO) dye was procured at 

pH 7.0. Abatement in (MO) dye deletion at 

pH <7 happened due to competition of 

(MO) dye with H
+
. Additionally in highly 

acidic pH, sharp concentration of H
+
 set 

the scene for protonation of nitrogen atoms 

on the surface of adsorbents and provoked 

the reduction of interaction with (MO) dye 

and surface of adsorbents. Both reasons of 

precipitation of hydroxide and conversion 

of (MO) dye provoked the reduction in 

(MO) dye deletion at pH >7. This 

phenomenon obstructed the access of 

(MO) dye to adsorption sites and 

culminated in less adsorption of (MO) dye 

onto sorption Asparagus plant-capped 

Fe3O4NPs [28].   

 

3.3. Impact of the dosage of sorbent 

The sorption efficiency for (MO) dye as 

a function of sorbent dosage was 

investigated. The percentage of the dyes 

sorption steeply increases with the sorbent 

loading up to 0.1 g in (Fig. 7). This result 

can be explained by the fact that the 

sorption sites remain unsaturated during 

the sorption reaction, whereas the number 

of sites available for sorption site increases 

by increasing the sorbent dose [29]. The 

maximum sorption was attained at sorbent 

dosage, 0.1 g. Therefore, the optimum 

sorbent dosage was taken as 0.1 g for 

further experiments. This can be explained 

by when the sorbent ratio is small, the 

active sites for binding dye on the surface 

of Asparagus plant-capped Fe3O4NPs is 

less, so the sorption efficiency is low. As 

the sorbent dose increased, more active 

sites to bind (MO) dye, thus it results an 

increase in the sorption efficiency until 

saturation [30].  

 

 
Fig. 6. Impact of initial solution pH on the adsorption amount of (MO) dye onto Asparagus plant-capped 

Fe3O4NPs [(MO) dye = 15 mg L
-1

; dosage sorbent = 0.1 g; time = 20.0 min]. 
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Fig. 7. Impact of dosage sorbent on the adsorption amount of (MO) dye [(MO) dye = 15 mg L

-1
; pH =7.0; time = 

20.0 min]. 

 

3.4. Impact of the contact time on the 

adsorption  
Since the rate of sorption is considered 

crucial for designing batch bio sorption 

experiments, thus, the impact of contact 

time on the sorption of (MO) dye by 

Asparagus plant-capped Fe3O4NPs was 

examined. A considerable increase in the 

sorption of (MO) dye was observed for the 

contact time of 20 min. The impact of 

initial dye concentration (MO) dye 

sorption by a Asparagus plant-capped 

Fe3O4NPs was scrutinized in batch 

experiments applying 5 at 30 min contact 

time, pH value 5 for (MO) dye, 0.1 g 

adsorbent dose and the constant 

temperature 300.15 K [31,32]. With an 

increase in the initial concentration of 

(MO) dye, a gradual boost in the 

equilibrium uptake of the sorbent was 

observed. The elevation of sorption yield 

along with the elevation in dye 

concentration can probably be a result of 

higher interaction between the (MO) dye 

and sequestering sites of the sorbent shown 

in (Fig. 8).    

 

3.5. Impact of temperature 

To study the effects of temperature on 

the adsorption of (MO) dye into Asparagus 

plant-capped Fe3O4NPs the experiments 

were performed at temperatures from 

283.15 to 333.15 K. (Fig. 9), shows the 

influence of temperature of (MO) dye into 

Asparagus plant-capped Fe3O4NPs is 

shown in (Fig. 9). As it can be seen, the 

adsorption (MO) dye into Asparagus 

plant-capped Fe3O4NPs of the process 

decreases with the temperature increasing. 

This may be come from the fact that the 

adsorption process may be endothermic 

one [33].  

 

3.6. Impact of concentration on the 

adsorption of (MO) dye 

For this purpose, in a series of similar 

experiments, 50 ml of (MO) dye solution 

with concentrations different (mg/L), and  
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0.1 g of Asparagus plant-capped 

Fe3O4NPs, pH 7 and other variables for: 

20.0 minutes at 200 rpm, respectively, 

stirred at room temperature to adsorb dye 

on the modified activated carbon Be done 

with nanoparticles. The major adsorption 

of dye takes place at low concentrations 

and with increasing concentration, the 

percentage of adsorption decreases. 

Although with increasing initial 

concentration, the amount of adsorbed dye 

increases, but the percentage of its removal 

decreases. The results are presented in 

(Fig.10) [34].   
 

 
Fig. 8. Impact of contact time on the adsorption of (MO) dye onto Asparagus plant-capped Fe3O4NPs [(MO) dye 

= 15 mg L
-1

; pH =7.0; dosage sorbent = 0.1 g]. 

 

 
Fig. 9. Impact of temperature on the sorption of (MO) dye into Asparagus plant-capped Fe3O4NPs [(MO) dye 

conc =15 mg L
-1

; pH =7; adsorbent dose =0.1g; time =20 min; stirring speed =200 rpm]. 
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Fig. 10. Impact of concentration on the adsorption of (MO) dye [pH = 7; adsorbent dose = 0.1g; time = 20 min; 

stirring speed = 200 rpm]. 

 

3.7. Adsorption isotherms 
Equilibrium adsorption analysis is 

important to find out the adsorption levels 

at a specific adsorbate concentration and to 

underpin the further types of adsorption 

followed. The experiments were conducted 

by varying the contact time and evaluating 

the equilibrium adsorbate concentration 

(Ce) and equilibrium adsorption capacity 

(qe). The obtained data were analysed 

based on the established adsorption 

isotherm models. The theoretical details 

are given in Supplementary Information 

[35,36]. 

Langmuir adsorption isotherm: In this 

model, there is no interaction among 

adsorbed molecules and adsorption process 

happens on homogeneous surfaces, 

showed in below equation [36]:  

                           (3) 
e

Le

e C
qqKq

C

maxmax

11
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In relation (3) qm: is the value of 

monolayer adsorption capacity in 

Langmuir model and KL: constant value of 

Langmuir (mg/L). Increasing the amount 

of adsorbent caused a considerable 

increase in the adsorbed ions amounts (Fig. 

11a).  

Freundlich isotherm model is the more 

for the adsorption of components dissolved 

in a liquid solution, it is assumed that: 

First, the adsorption is monolayer and 

chemical, and second, the energy of the 

adsorption sites is not the same, i.e. the 

adsorbent surface is not uniform [37]: 

                                   (4) 

 

KF and n are experimental constants 

where kF is in terms of ((mg)
1-n

 L
n
/g) and is 

proportional to the adsorption capacity, 

and n is a unit less quantity and shows the 

intensity of adsorption with a range 

between 0.1 to 1.0. Calculation of KF and 

adsorption capacity in Freundlich model 

shown in (Fig. 11b).  

The isotherm model of Temkin (Fig. 

11c), was employed to evaluate indirect 

adsorbate/adsorbate base on following 

equation: 

   
  

 
      

  

 
                                 (5) 

 

In this model as mentioned above, R, b, 

t, KT and T are the universal gas constant 

(8.314 J/mol. K), Temkin constant, the 

heat of the adsorption (J/mol), the binding 

constant at equilibrium (L/mg) and 

absolute temperature (K) [38]. 

Dubinin–Radushkevich (D-R) 

isotherms: For investigated the nature of 

adsorption, this model is used. The linear 

form of this model expressed by the 

following equation: [39].  

Lnqe = lnqm – βε
2
                                    (6) 

 

Where β is the activity coefficient 

related to mean sorption energy. (mol
2 

/ 

kJ
2
), and ε is the Polanyi potential that can 

be calculated from bellow equation: 

ε = RTln(1+1/Ce)                                    (7)  

 

The slope of the plot of ln    versus ɛ2
 

gives B and its intercept yields the    

value shown in (Fig. 11d). The linear fit 

between the plot of   /   versus    and 

calculated correlation coefficient (R
2
) for 

Langmuir isotherm model shows that the 

dye removal isotherm can be better 

represented by Langmuir model (Table. 2). 

This confirms that the adsorption of dye 

takes place at specific homogeneous sites 

as a monolayer on to the Asparagus plant-

capped Fe3O4NPs.  

The chi square (X
2
) tests were adopted 

to determine the suitability of the isotherm 

model with respect to the experimental 

data. The X
2
 equation is as follows: 

   ∑
                 

       

 

   
                     (7) 

 

Where qe (mgg
-1

) is the experimental 

equilibrium capacity and qe, m (mgg
-1

) is 

the equilibrium capacity obtained from the 

model [37].   

 

3.8. Further discussion about Langmuir 

isotherm  
Investigation about the adsorption 

uptake of (MO) dye was done for initial 

concentration range from 5 to 40 mg/L and 

exhibited in (Fig. 12). The essential 

features of a Langmuir isotherm can be 

expressed in terms of a dimensionless 

constant separation factor or equilibrium 

parameter, RL that is used  to  predict if an 

adsorption system is favorable or 

unfavorable [40]. Langmuir isotherm can 

be criticized in terms of a dimensionless 

constant separation factor or equilibrium 

parameter, RL which is used to predict if 

the isotherm model favorable or not. The 

RL factor is defined as follows:  

eFe C
n

Kq ln
1

lnln 
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0
C

L
K1

1

L
R


                                         (9) 

 

The values of RL can illustrate the shape 

of the isotherm to be either unfavorable 

(RL>1), linear  (RL=1), favorable (0<RL<1) 

or  irreversible  (RL=0). The plot of the 

calculated RL values versus initial 

concentration of MO dye is shown in (Fig. 

12), indicating that the Langmuir 

adsorption isotherm is fairly suitable for 

MO adsorption onto Asparagus plant-

capped Fe3O4NPs adsorbent. 

 

     

(a)                                                                                 (b) 

(c)                                                                                 (d) 

Fig. 11. (a) Langmuir isotherm (b) Frendlich isotherm (c) Temkin isotherm (d) Dubinin-Radushkevich isotherm 

on the sorption quantity of (MO) dye Asparagus plant-capped Fe3O4NPs [(MO) dye = 15 mg L
-1

; pH = 7; 

adsorbent dose = 0.1g; time = 20 min; stirring speed = 200 rpm]. 
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Table 2. Various isotherm constants and correlation coefficients calculated for the adsorption of (MO) dye by 

Asparagus plant-capped Fe3O4NPs [(MO) dye conc = 15 mg L
-1

; pH = 7; adsorbent dose = 0.1 g; time = 20 min; 

stirring speed = 200 rpm]. 

R% (MO)  Parameters Isotherm 

167.7 qm (mgg
-1

) 

Langmuir 
0.857 KL (Lmg

-1
) 

0.9915 R
2
 

11.87 ∑x
2
 

0.24 1/n 

Freundlich 
82.8 KF (mg)

1-n 
L

n
/g 

0.978 R
2
 

711.93 ∑x
2
 

24.95 BT (J. mol
-1

) 

Temkin 28.05 KT (L mg
-1

) 

0.950 R
2
 

125.9 qm (mgg
-1

) 

Dubinin–Radushkevich (D–R) 
8E-05 B 

2500 E (J/mol) = 1/(2B)
1/2

 

0.771 R
2
 

 

 
Fig. 12. Plot of RL versus C0, that Langmuir isotherm is favorable for representing the experimental data of the 

(MO) dye by Asparagus plant-capped Fe3O4NPs [(MO) dye = 15 mg L
-1

; adsorbent dose = 0.1 g; pH = 7; contact 

time = 20 min; stirring speed = 200 rpm]. 

 

3.9. Adsorption kinetics 
Adsorption kinetics is one of the most 

important factors which represent the 

adsorption efficiency of Asparagus plant-

capped Fe3O4NPs. The theoretical details 

are given in Supplementary [40,41].  

The quasi-first-order kinetic model 

formula is: 

             
 （10） 

 

The quasi-second-order dynamic model 

formula is: 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15 20 25 30 35 40

R
L 

Conc. MO dye (mg/L) 

t
k

qqq ete
303.2

ln)ln( 1
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                               （11） 

 

The slopes and intercepts of plots of t/q 

vs.t were used to calculate the second-

order rate constant k2, t and qe. Generally, 

these constants are used to predict the 

adsorption behavior, which is inconsistent 

with rate-controlling step in adsorption 

mechanism. The obtained kinetic data for 

adsorption of (MO) dye onto Asparagus 

plant-capped Fe3O4NPs an adsorbent were 

examined as shown in (Fig. 13) [42,43]. 

 

(a)   

  (b) 
Fig. 13. (a) pseudo-first-order kinetic model (b) pseudo-second-order kinetic model for the adsorption of (MO) 

dye onto Asparagus plant-capped Fe3O4NPs [(MO) dye conc = 15 mg L
-1

; pH = 7; adsorbent dose = 0.1 g; time 

= 20 min; stirring speed = 200 rpm]. 

 

eet q

t

qkq

t


2

2

1
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Table 3. Kinetic parameters for the adsorption for the adsorption of (MO) dye onto Asparagus plant-capped 

Fe3O4NPs [(MO) dye conc = 15 mg L
-1

; pH = 7; adsorbent dose = 0.1 g; time = 20 min; stirring speed = 200 

rpm]. 

R% MO parameters Models Kinetics 

0.205 k1 (1/min) 

Pseudo-first-order 65.52    (mgg
-1

) 

0.766 R
2
 

6.1 K2×10
-3 

(1/min) 

Pseudo-second-order 
83.33    (mgg

-1
) 

0.998 R
2
 

43/478 H 

74.72  qe (exp) 

 

3.10. Adsorption thermodynamics 

Temperature is one of the most 

important factors in ions removal 

efficiency by focusing on change in nature 

of the reaction (exothermic or 

endothermic) to reveal spontaneous and 

non-spontaneous reaction. Thermodynamic 

parameters can be using the Eqs. (12) and 

(13) [44].  

                                      (12) 

                                      (13) 

 

Where, T is the temperature in Kelvin, 

R the gas constant (8.314 J. mol
-1 

K
-1

), ΔS° 

and ΔH° values can also be determined 

from the slope and intercept of the plot of 

Ln K
0
 values 1/T, respectively (Fig. 14 and 

Table. 4). The Gibbs free energy (ΔG
0 

degree of spontaneity of the adsorption 

process and the low values reflect an 

energetically favorable adsorption process. 

The negative value of (ΔH°) confirms that 

the sorption process was exothermic in 

nature and a given amount of heat is 

evolved during the binding of (MO) dye 

onto Asparagus plant-capped Fe3O4NPs 
the surface of adsorbent. The highly 

negative ΔS
0
 values indicate significant 

decrease in the degree of randomness at 

solid/liquid interface during the sorption 

process [45,46].  

 

3.11. Desorption 
Close scrutiny of desorption is  

 

beneficial in exploring the possibility of 

recycling the adsorbents. Desorption of 

(MO) dye by HCl is exhibited in (Fig. 15). 

A range from 0.1 to 0.5 M concentrations 

of HCl solutions was put to the test for 

eliminating (MO) dye from the adsorbent. 

Based on the obtained results, it becomes 

evident that the maximum desorption of 

(MO) dye was (95.0 %) from Asparagus 

plant-capped Fe3O4NPs by HCl (0.25 M). 

Thenceforth, no competition for exchange 

sites was observed between (MO) dye and 

H
+ 

ions and consequently (MO) dye were 

released into the solution.  

 

3.12. Comparison with other adsorbents 

for removal (MO) dye 

Many adsorbents have been used to 

adsorb (MO) dye and achievement of 

waste water treatment and their operational 

parameters were compared. This 

comparison was carried out by the 

maximum adsorption capacity (qmax) 

obtained for removal (MO) dye and 

respective results are reported in (Table. 

5).  

 

4. CONCLUSION  

The selection of Asparagus plant-capped 

Fe3O4NPs as an efficacious adsorbent for 

the deletion of (MO) dye from aqueous 

solutions has been scrutinized. In this 

current article, the applicability of 

Asparagus plant-capped Fe3O4NPs as an 

available, useful, and affordable material 

adKRTG ln 

R

S

RT
K ad

 



ln



Farzaneh Marahel & Leila Niknam /J. Phys. Theor. Chem. IAU Iran, 18 (4) 1-18: Winter 2022 

 

15 

for deleting (MO) dye from aqueous media 

has been confirmed. The desired values of 

the pH, adsorbent dosage, (MO) dye 

concentration, and contact time were found 

to be 7, 0.1 g, 15 mg L
-1

, and 20.0 min for 

adsorption of (MO) dye into Asparagus 

plant-capped Fe3O4NPs. The kinetics and 

isotherm studies proved the 

appropriateness of the pseudo second-order 

and Langmuir isotherm models for the 

kinetics and isotherm of the adsorption of 

(MO) dye on the adsorbent. Since almost 

99.0% of (MO) dye was deleted with ideal 

adsorption capacities of 167.7 mgg
-1 

for 

(MO) dye. Thermodynamic parameters 

(ΔG°: -11.42 kJ mol
-1

, ΔH°: 33.3 kJ mol
-1

, 

ΔS°: 145.8 kJ/mol K) for both (MO) dye 

are positive, which confirm the 

endothermic nature of the sorption process. 

According to the findings of this study, 

Asparagus plant-capped Fe3O4NPs could 

be employed as a reusable adsorbent and 

would be an economically viable option 

that can lead to wastewater treatment 

advancement and high-quality treated 

effluent.   

 

 

 

 
Fig. 14. (a) Plot of ln Kc vs. 1/T (b) Ln (1-Ө) vs. 1/T for estimating thermodynamic parameters. 
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Table 4. The thermodynamic parameters for the adsorption of (MO) dye onto Asparagus plant-capped 

Fe3O4NPs [(MO) dye =15.0 mg L
-1

; pH =7.0; dosage sorbent = 0.1 g; time = 20.0 min]. 
 

value of ΔS
o
 

(k/mol K) 

value of 

ΔH
o
(kJ/mol) 

value of ΔG
o
(kJ/mol) T (

O
K) Dyes (mg/L) 

145.8 33.3 

-11.42 283.15 

Methyl Orange (MO) 

dye (15 mg/L) 

-36.80 293.15 

-60.93 303.15 

-63.62 313.15 

-78.62 323.15 

-85.64 333.15 

 

 
Fig. 15. Desorption plot of the (MO) dye by HCl [(MO) dye = 15.0 mg L

-1
; pH =7.0; dosage sorbent = 0.1 g; 

time = 20.0 min]. 

 

Table 5. Comparison of results for this work with other reported. 

References Adsorption capacity Time pH 
Dosage 

sorbent 
Adsorbent Dye 

[6] 
42.513 to 45.563 

mgg
-1

 
60 min 4.0 0.6 g sheep manure biochar (MO) dye 

[9] 39.47  mgg
-1

 120 min 6.0 0.5 g chicken manure biochar (MO) dye 

[21] 16.83 mgg
-1

 100 min 3.0 0.5 g Graphene oxide (MO) dye 

[29] 16.66 mgg
-1

 240 min 2.0 0.5 g Cork powder (MO) dye 

[40] 20.53  mgg
-1

 30 min 8.0 0.1 g Fe2O3–BC composite (MO) dye 

[47] 32.63 mgg
-1

 60 min 4.5 1.0 g Fe3O4 –AC nanocomposites (MO) dye 

Present 

study 
167.7 mgg

-1
 20 min 7.0 0.1 g 

Asparagus plant-capped 

Fe3O4NPs 
(MO) dye 
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 چكیده

شده است.  ییدتا یآب یها یطحذف رنگ ها از مح یآهن برا یدمارچوبه عامل دار شده با سنتز نانوذرات اکس یاهکاربرد گ

آهن به عنوان  یداکسمارچوبه عامل دار شده با نانوذرات  یاهکاربرد گ ی،بررس یبرا SEMو  FT-IR ،BET ،XRD یها یکتکن

گرم را در  5/0 گرم در لیتر، میلی 0/51 یررا نشان داد و مقاد های آبی محلولاز انژ اور یلحذف مناسب رنگ مت یجاذب برا

و  pH، جرم جاذب، مقدار ژنااور یلغلظت رنگ مت یآل برا یدها یربه عنوان مقاد یببه ترت یقهدق 0/00، 0/7مقاله نشان داد. 

 ینتیکس و( q: 0.9915) یرلانگمو یهتک لا یزوترمبا مدل ا یجنبش یها نظر گرفته شد. تعادل جذب و دادهزمان تماس در 

Rمرتبه دوم )
2
 ی( برازش شدند. پارامترهامیکروگرم بر گرم qmax: 167.7 جذب ) یتبا حداکثر ظرف یب( به ترت0.998 :

ΔG°: -11.42 kJ mol) ینامیکیترمود
-1 ،ΔH°: 33.3 kJ mol

-1 ،ΔS°: 145.8 kJ/mol
-1 

K
نشان داد که جذب رنگ  ین(، همچن1-

خوب و عملکرد  یایاح ی،با در نظر گرفتن راندمان عال ی،است. به طور کل یرخود به خود و گرماگ یر،پذ امکان انژاور یلمت

 یبرا یدوارکنندهب امجاذ یکتوان به عنوان  یمارچوبه را م یاهیپوشش گ نانوذرات اکسید آهن با ی،واقع یطقابل قبول در شرا

 .کرد یمعرف های آبی محلولحذف رنگ از 
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