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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL ARTICLE 
 Introduction: Since phthalate esters and their derivatives have the potential to 

disrupt proper endocrine function, these compounds are considered as one of 

the most important groups of endocrine-disrupting chemicals. The presence of 

these compounds in various aquatic environments has caused main concerns 

about human and animal health and causes problems in the environment.  

Materials and Methods: The treatment process was carried out in a glass 

reactor containing 200 mL polluted water at room temperature. The Mg-Al 

layered double hydroxides (Mg-Al-LDH) were successfully synthesized and 

were applied as adsorbents for the removal of Diethyl Phthalate (DEP) from 

polluted water. The kinetics and isotherm of the process were investigated to 

determine the exact mechanism of DEP removal from the water medium. 

Results: The Mg-Al-LDH was a surface area of 673 (m
2
 g

-1
), a total pore of 

0.716 (cm
3
 g

-1
), and microspore volumes of 0.627 (cm

3
 g

-1
), and a pore 

diameter of 8.64 nm. The maximum DEP removal efficiency of 96.7% was 

obtained at the DEP concentration of 10 mg L
-1

, Mg-Al-LDH dosage of 0.50 g 

L
-1

, and the reaction time of 30 min. The second-order kinetic model well 

depicted the kinetics of DEP adsorption (R
2
 = 0. 99). The Langmuir isotherm 

model best described the data by predicting the maximum adsorption capacity 

(qm) of 95.6 mg g
-1

 and R
2
 of 0.99. 

Conclusion: All the results demonstrate that the Mg-Al-LDH is an efficient, 

safe, and efficient adsorbent in water and wastewater treatment. 
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Introduction 

Phthalates or phthalic acid esters (PAEs) are 

employed as common additives in paints and 

resins, printing inks, lubricants, floor coverings, 

adhesives, insecticides, packaging, cosmetic 

products, and as a solvent in the rubber and plastic 

industries. Some types of phthalate esters are 

already blacklisted as priority water pollutants by 

the Environmental Protection Agency (EPA) 
1, 2

. 

Phthalates are not chemically bound to plastics. 

Therefore, they exist as freely mobile and 

leachable compounds. They are released from soft 
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plastics into the environment. Phthalates have been 

detected in various environments such as 

atmosphere, surface water, sediment, and sewage 

sludge at various concentrations in the range of ng 

L
-1

 to mg L
-1 3, 4

.  

The presence of phthalates and their derivatives 

in the environment causes many concerns about 

human and animal health. After these compounds 

enter into the human and animal body, they can 

accumulate and concentrate in their unchanged 

form or metabolized form, which are detected in 

the intracellular or extracellular body fluids such as 

blood, urine, milk, etc. Since phthalates have the 

potential to disrupt proper endocrine function, 

these compounds are considered as one of the most 

important groups of endocrine-disrupting 

chemicals (EDC) 
5, 6

.  

The presence of phthalates in the human body 

can lead to some diseases and harmful effects on 

health, such as disrupting hormone levels, 

infertility, increased abortion rates, hyperglycemia, 

cardiometabolic risk factors, kidney diseases, 

hypertension, thyroid gland dysfunction, and 

obesity. It also causes problems in the environment 

and aquatic organisms, including disturbances in 

photosynthesis, thinning, and brittleness of fish 

eggshells 
7-9

. 

Therefore, several techniques are developed to 

remove PAEs from aqueous mediums, including 

photocatalytic process 
10

, peroxi-coagulation 
11

, 

electrochemical techniques 
12, 13

, microbial 

degradation 
14, 15

, and adsorption 
16, 17

. The 

adsorption process offers satisfactory treatment 

efficiency and seems to be a more attractive 

approach in terms of simplicity of technique, cost-

effectiveness, and applicability. Nanomaterials as 

adsorbents with a high specific surface area are 

received significant attention in the removal of 

many pollutants from water and wastewater. 

Layered double hydroxides (LDHs) are considered 

as one of the most widely used adsorbents for the 

treatment of hazardous and toxic pollutants from 

aqueous solutions because of their structural 

properties, suitable interlayer space, extraordinary 

ion exchange capacity, and significant removal 

efficiency. In the last decade, the application of 

LDHs for efficient adsorption of various 

environmental pollutants such as dyes, heavy 

metals, pharmaceutical compounds, petroleum 

compounds, fluoride, and etc. has been 

investigated 
18-20

.  

The structure of LDHs can be explained by the 

[ ]   
    

  (  ) ]
  (   ) 

 

      formula, 

where M
2+

 and M
3+

 denote divalent cations (Ca
2+

, 

Mg
2+

, Ni
2+

, Mn
2+

, Zn
2+

, etc.) and trivalent cations 

(Fe
3+

, Co
3+

, Ga
3+

, etc.), A
n-

 denote the interlayer 

anions (NO3
-
, SO4

2-
, Cl

-
, etc.) and x is defined as 

the ratio of M
3+

/(M
2+

+M
3+

) 
21, 22

.  

In the current work, Mg-Al-LDH was 

synthesized and applied as the adsorbent for 

diethyl phthalate (DEP) removal from polluted 

water. The effect of initial DEP concentration, 

amount of Mg-Al-LDH as adsorbent, and reaction 

time were studied. Adsorption isotherm and kinetic 

studies were carried out to explain the 

characteristics and mechanism of the process. 

Materials and Methods 

Chemical 

Diethyl phthalate (C6H4-1,2-(CO2C2H5)2, 99.5%, 

CAS number: 84-66-2) was obtained from Sigma–

Aldrich. Aluminum chloride (AlCl3, 99.0%), 

hydrochloric acid (HCl, 37.0%), magnesium 

chloride (MgCl2.6H2O, 99.0%), sodium carbonate 

(NaCO3, ˃ 99.0%), and sodium hydroxide (NaOH, 

98.0%) were purchased from Merck. All 

experiments were performed at 20 ± 2°C and 

experimental samples were prepared in double-

distilled water (DDW). 

Preparation of Mg-Al-LDH 

The Mg-Al-LDH was prepared as the adsorbent 

in the DEP removal process via the co-

precipitation technique. Solution (I) containing 

magnesium nitrate hexahydrate and aluminum 

nitrate nonahydrate with the molar ratio 2 to 1 of 

Mg
2+

/Al
3+

 was prepared in 0.15 L of DDW. 

Solution (II) including 10.0 g of sodium hydroxide 

and 26.6 g of sodium carbonate dissolved in 0.15 L 

DDW. Solution (I) and (II) were mixed in the 

reactor using a magnet stirrer, and the pH of the 

mixture adjusted in the alkaline range of 9-10. The 
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composition obtained from the previous step was 

kept at ambient temperature (21 ± 2
◦
C) for 24 

hours and then washed with DDW to neutralize the 

pH, and eventually centrifuged. Subsequently, the 

resulting mixture dried at 80 ° C for 2 hours in an 

oven. The dried product was ground and passed 

through a 100 mesh sieve and used as an adsorbent 

to remove DEP from polluted water 
23

. 

Analysis Parametric 

All experiments were performed in a pyrex 

reactor containing 0.2 L sample (with specified and 

determined conditions) at room temperature (21 ± 

2
◦
C). The pH was measured by a pH meter 

(metrohm 827 pH/mV lab) and adjusted using 

hydrochloric acid and sodium hydroxide. After the 

desired reaction time, the content of the reactor 

was centrifuged at 1000 rpm, and the supernatant 

was measured to determine the amount of residual 

DEF. The removal efficiency of DEP and 

adsorption capacity were calculated by the 

equation (1) and (2) as follow 
24, 25

: 

                       ( )   
     

  
     (1)

     

   
(     )

 
   (2) 

Where M0 and Me (mg L
–1

) denote DEP 

concentration before and after the adsorption 

process, respectively. W denotes the adsorbent 

dosage (g). 

Adsorption kinetics and isotherm  

To remove environmental pollutants in the most 

absorption studies, the first and second-order 

kinetics models are investigated. The first and 

second-order kinetics models expressed by Eq. 3 

and Eq. 4, respectively, as follows 
26, 27

: 

   (      )      (  )                       (3) 
 

  
   

 

    
   

 

  
     (4) 

 

The isotherms describe the adsorption process 

and provide important data for designing the 

system. The equilibrium adsorption of DEP onto 

the employed Mg-Al-LDH was modeled using 

isotherm models of Freundlich and Langmuir by 

fitting the obtained results from the experiments 

onto the mentioned models as expressed by Eq. 5 

and Eq. 6, respectively 
27-29

. 

            (
 

 
)         (5) 

  

  
 

  

  
 

 

   
      (6) 

 

The value of RL as a parameter revealed that the 

absorption of DEP onto the adsorbent was 

favorable or unfavorable calculated using the 

following equation. 

   
 

     
                   (7) 

Ethical issues  

The current work was conducted in the autumn 

of 2019, after receiving approval from the ethics 

committee of Kerman University of Medical 

Sciences [IR.KMU.REC.1398.414]. 

Results 

Characterization of Mg-Al-LDH  

The surface morphology of Mg-Al-LDH as 

adsorbent is showed in figure 1. The figure1 

displays the characteristic of a flaky, sheeted, 

smooth, and relatively homogeneous surface 

structure similar to the reports of Wan et al. 
30

. 

Moreover, the prepared Mg-Al-LDH size was 

within the nanometer dimensions. 
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Figure 1: FE-SEM image of Mg–Al-LDH 

 

As shown in Figure 2, the XRD pattern of Mg-

Al-LDH revealed that the peaks of the 11.2, 24.3, 

34.7, 39.1, 46.5, 61.3, 62.9, and 66.4 patterns which 

depending on the Mg-Al-LDH. The presence peaks 

pattern of 24.3, 34.7, 39.1 confirmed the hexagonal 

lattice of the Mg-Al-LDH 
31

. 

 

 
Figure 2: The XRD pattern of Mg-Al-LDH 

 

The graph of the isotherms obtained for Mg-Al-

LDH is similar to type IV isotherms (see Figure 3), 

indicating that the pore structure of the Mg-Al-

LDH is mainly composed of well-developed 

micropores. Figure 3 showed hysteresis loops at 

P/P0> 0.50, demonstrating the presence of certain 

mesoporosity in the Mg-Al-LDH. The surface area 

of 673 (m
2
 g

-1
), total pore of 0.716 (cm

3
 g

-1
), and 

microspore volumes of 0.627 (cm
3
 g

-1
), and pore 

diameter of 8.64 nm. 
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Figure 3: N2 adsorption-desorption isotherms of Mg-Al-LDH. 

 

Investigation of initial DEP concentration 

The removal efficiency of 73.2% was obtained 

for DEP concentration of 5 mg L
-1

. The percentage 

of the DEP removal efficiency decreased to 70.6%, 

53.3%, 41.7%, and 24.1% when the concentration 

of the DEP was increased to 10 mg L
-1

, 20 mg L
-1

, 

30 mg L
-1

, and 50 mg L
-1

, respectively (see Figure 

4). It showed that the removal of the DEP was 

highly concentration-dependent. After applying the 

treatment process for 30 min, the changes in the 

efficiency were negligible, and the obtained curve 

seems smooth, and a plateau region was reached. 

Investigation of the Mg-Al-LDH dosage 

The effect of Mg-Al-LDH dosage on the 

removal efficiency of DEP was investigated in the 

range of 0.05 to 0.5 g L
-1

. The obtained results are 

presented in Figure 5. 

 

 

 
Figure 4: Effect of different DEP concentrations on the removal efficiency (LDH dosage of 0.15 g L

-1
, pH=7.5). 
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Figure 5: Effect of different adsorbent dosages (Mg–Al-LDH) on the removal efficiency  

(DEP concentration 10 mg L-1, pH = 7.5). 

 

As shown in the figure 5, the removal of DEP 

42.1%, 51.8%, 53.3%, 75.1%, 96.7% and 97.2% 

were achieved at the Mg-Al-LDH dosage of 0.05, 

0.10, 0.15, 0.30, 0.50, and 0.70 g L
-1

, respectively. 

The adsorbent dosage of 0.50 and 0.70 g L
-1

 

revealed very close removal efficiencies, so the 

optimal adsorbent dosage of 0.50 g L
-1 

was 

considered for further studies. 

Kinetics and isotherm studies 

The calculated kinetics and isotherm parameters 

for the DEP adsorption onto the Mg-Al-LDH were 

summarized in Table 1 and 2, respectively.  

 

Table 1: Parameters of first and second-order kinetics models for the adsorption of DEP using Mg-Al-LDH. 

First-order model Second-order model 

qe(mg g
-1

) k1(min
-1

) R
2
 qe(mg g

-1
) k2 (g mg

-1
 min

-1
) R

2
 

69.41 0.0614 0.9137 73.4 0.0078 0.9967 

Table 2: Langmuir and Freundlich parameters for the adsorption of DEP using Mg-Al-LDH. 

Langmuir Freundlich 

qm (mg g
-1

) b (L mg
-1

) RL R
2
 Kf (L g

-1
) n R

2
 

101.6 0.564 0.024 0.9907 45.6 2.18 0.9438 

 

Discussion 

According to the obtained results, the removal 

efficiency is greatly dependent on the DEP 

concentration. The effect of the pollutant 

concentration on the adsorption process efficiency 

depends on the relationship between its 

concentration and the accessible binding active 

sites of the adsorbent 
27, 28

. The DEP removal of the 

process was decreased by increasing the 

concentration of DEP, which may be attributed to 

the saturation of activated adsorption sites on the 

surface of adsorbent (Mg-Al-LDH). At the low 

concentration of DEP, there are unoccupied active 

sites on the surface of adsorbent (Mg-Al-LDH), 

whereby increasing the DEP concentration, the 

available active sites were saturated, which 

resulted in decreasing the removal efficiency of the 

treatment process 
8, 21

. 

In addition, increasing the DEP concentration 

caused to improve in the adsorption capacity (qm), 

which may be because of the high driving force for 

mass transfer at high DEP concentrations 
19, 20

. 
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Moreover, increasing Mg-Al-LDH dosage 

increases the DEP removal efficiency during the 

adsorption process, which is attributed to the more 

available pore volume and active surface area in 

higher adsorbent dosage 
32, 33

.  

The ascending trend of the treatment process 

is favorable up to a reaction time of 30 min. 

However, by reaching the equilibrium time, the 

desorption of DEP has occurred, and the removal 

rate was decreased negligibly. Therefore, the 

equilibrium time was set to 30 min. The obtained 

experimental data showed that the second-order 

kinetics model revealed a better agreement with 

the higher correlation coefficient (R
2
 = 0.99) 

than the first-order kinetics model (R
2
 = 0.91). 

The second-order kinetic model confirmed that 

the rate-limiting step of the treatment process in 

the current work is controlled under the 

chemisorption mechanism 
22-25

. The obtained 

isotherm results better fitted to the Langmuir 

model with a higher correlation coefficient  

(R
2
 = 0.99) compared to the Freundlich model 

(R
2
 = 0.94). The maximum DEP adsorption 

capacity (qm) was found to be 101.6 mg g
-1

. The 

obtained values of n and RL were 2.18 and 0.024, 

respectively.  

Conclusion 

DEP and its derivatives in the environment 

cause many concerns about human and animal 

health and adverse environmental effects. The 

current work was focused on the efficiency of 

adsorbent (Mg-Al-LDH) in DEP removal from 

polluted water. In the optimum condition, 

including DEP concentration of 10 mg L
-1

, Mg-Al-

LDH dosage of 0.50 g L
-1

, and the reaction time of 

30 min, the maximum removal efficiency and 

maximum adsorption capacity were found to be 

96.7% and 101.6 mg g
-1

. The experimental results 

showed that the Mg-Al-LDH could be successfully 

employed as an effective and economical 

adsorbent to remove hazardous pollutants such as 

DEP from polluted water. 
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