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a b s t r a c t
Endocrine-disrupting chemicals, bisphenol A (BPA), are currently unregulated chemicals that interfere 
with the endocrine systems of organisms by different ways. The removal of BPA in this study is by its 
adsorption on hydrous magnesium oxide (HMgO) nanoparticles synthesized by the sol–gel method 
via 1-n-butyl-3-methylimidazolium tetrafluoroborate ionic liquid. Several analytical techniques such as 
scanning electron microscopy, X-ray diffractometer (XRD) and Fourier transform infrared spectroscopy 
were used to characterize HMgO nanoparticles. The influence of different experimental factors includ-
ing solution pH, contact time, adsorbent dosages, initial BPA concentrations and regeneration was stud-
ied. The XRD analysis showed that HMgO nanoparticles were successfully synthesized and illustrated 
their purity and crystallinity. Findings revealed that BPA removal was decreased from 4.2 to 2.5 mg/g 
by an enhancement in solution pH from 9 to 11, respectively. Increasing adsorbent dosage from 2 to 
100 mg/L resulted in increasing the removal from 24.9% to 100%, respectively. In addition, 4.2 mg/g 
and 50 min were respectively obtained as the adsorption capacity and equilibrium reaction time of BPA 
adsorption in aqueous media using HMgO. Findings of equilibrium and kinetic studies revealed higher 
ability of Freundlich isotherm (R2 = 0.997) and pseudo-first-order kinetic (R2 = 0.998) models, than the 
other models for fitting the data of BPA adsorptive removal. Furthermore, it can be concluded that 
HMgO nanoparticles were the appropriate sorbents to remove BPA from aqueous media.
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1. Introduction

Nowadays, a wide variety of hazardous organic com-
pounds such as perfluorooctane sulfonic acid and its 

derivatives, polychlorinated biphenyls, polycyclic aromatic 
hydrocarbons and endocrine-disrupting chemicals (EDCs) 
in the environment are widespread, due to the extensive use 
of development of chemical industries [1–7]. The presence of 
these pollutants in aquatic environments is a significant and 
critical topic, due to their toxicity [8,9]. EDCs are chemicals, 
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currently unregulated, that interfere with the endocrine sys-
tems of organisms by different ways [10–12]. 

Bisphenol A (BPA), one of these EDCs, is a xenobiotic 
compound and a great public health concern which was 
extensively used in a range of applications, including as an 
intermediate for the production of pesticides, epoxy resins, 
polycarbonate plastic, packaging, canned foods and bever-
ages, dish and laundry detergents, sunscreen lotions, body 
wash/lotions, bar soaps, shampoo, conditioners, shaving 
creams, toys, textiles and leathers [2,8,9,13,14]. BPA has 
unique and excellent characteristics such as solid form at 
room temperature, low vapor pressure and volatility and 
moderate water solubility [9]. Several studies have reported 
that BPA exhibits weak estrogen-like properties using in vitro 
and in vivo bioassays [15]. It has been reported that the expo-
sure to very low BPA levels may cause hormone-dependent 
cancer, adversarial effects on the reproduction, inducing oxi-
dative stress and apoptosis [14,16–23]. Therefore, degradation 
of the hormone-like materials in water resources, because of 
their negative effects on human health, is of great importance.

Recently, various removal methods have been used for 
removing BPA from different sample matrices, including phys-
ical, chemical and biological technologies (e.g., adsorption, 
biological treatment, ozonation, UV radiation, chemical 
coagulation–flocculation, photocatalytic degradation and 
membrane separation) [2,14,24–33]. Among these meth-
ods, adsorption has been widely applied, because of its 
cost-effectiveness, high efficiency, simple design procedure, 
production of insignificant amounts of residual materials, and 
fewer harmful secondary products [2,8,14,15,24,25,34]. During 
the last decades, a considerable attention has been paid for uti-
lization of various metal oxides as adsorbents [25]. Among all 
metal oxides, hydrous magnesium oxide (HMgO) with strong 
basic properties are known as an adsorbent material, due to 
its high removal efficiency, lower cost, high surface reactivity, 
non-toxicity, chemical stability and ease of production [25,35]. 
Nowadays, nanomaterials have received significant attentions, 
due to their high surface area, the presence of large numbers 
of active sites and high stability, compared with the most tra-
ditional adsorbents [24,25,36–39]. Therefore, various methods 
have been adopted for the synthesis of MgO nanoparticles such 
as sol–gel method, precipitation, hydrothermal and chemical 
vapor deposition [35,40]. Among these methods sol–gel tech-
nique is undoubtedly the simplest and cheapest method, syn-
thesize in low temperature, control on the size and shape of 
nanoparticles as well as production of nanopowders with high 
purity [41,42]. In the present paper, HMgO nanoparticles were 
synthesized by sol–gel method using imidazolium based ionic 
liquid [BMIM] BF4–. The influence of different experimental 
factors such as solution pH, contact time, adsorbent dosages, 
initial BPA concentrations and regeneration was studied. 
Furthermore, the experimental data were fitted to some equi-
librium and kinetic models to find the adsorption mechanism.

2. Experimental

2.1. Materials

Magnesium nitrate (Mg(NO3)2.6H2O), sodium 
hydroxide solution (NaOH), hydrochloric acid 
(HCl), 1-n-butyl-3-methylimidazolium tetrafluoroborate 

([BMIM] BF4–), methanol (CH3OH), acetic anhydride (C4H6O3), 
sodium carbonate (Na2CO3), dichloromethane (CH2Cl2), 
methylene blue (C16H18CIN3S) and acetonitrile (C2H3N) 
were purchased from Merck Co. (Darmstadt, Germany) 
and BPA from Khuzestan Petrochemical Company (Iran), 
respectively. All the reagents were of analytical grade and 
used without further purification. The chemical structure of 
the BPA (synonym: 2,2-bis(4-hydroxyphenyl)propane and 
4,4′-isopropylidenediphenol, chemical formula: C15H16O2 
and molecular weight (g/mol): 228.29) is shown in Fig. 1. A 
stock solution of BPA (500 ppm) was prepared by dissolving 
BPA in ethanol. The stock solution was diluted with different 
amounts of deionized water to prepare desired concentra-
tions of BPA solution.

2.2. Synthesis of HMgO nanostructures (adsorbent)

Hydrous magnesium oxide nanoparticles 
were synthesized through sol–gel method using 
1-n-butyl-3-methylimidazolium tetrafluoroborate ionic 
liquid, as explained by Sundrarajan et al. [43] and Meenakshi 
et al. [44]. Initially, 6.4075 g Mg(NO3)2 was added into the 
50 mL H2O2 solution and 1 mL [BMIM] BF4–. The solution 
was sealed immediately and stirred rapidly using a mag-
netic stirrer for 15 min to obtain homogeneous solution 
and until the magnesium nitrate was fully dissolved. Then, 
30 mL of 1 M NaOH solution was slowly added dropwise 
into the above resulting solution under continuous stirring. 
This would result in the hydrolysis of magnesium nitrate 
which is indicated by the appearance of turbidity in the solu-
tion leading to the formation of HMgO in the form of gel. 
After completion of this whole reaction process, the resulting 
solution was stirred overnight at room temperature which 
was then centrifuged (3,000 rpm – 15 min), washed with 
deionized water and dried at 80°C for 1 h, manually ground 
and calcined in a muffle furnace (FP125 model) at 300°C for 
2 h to give pure HMgO nanoparticles. 

2.3. Characterization 

MgO nanoparticles were characterized by X-ray dif-
fractometer (XRD) with Cu Kα (λ = 1.54056 Å) radiation on 
a Philips Xpert diffractometer (USA). The morphology was 
analyzed by scanning electron microscopy (SEM) using a 
Philips XL30 (USA). The accelerating voltage and applied 
current were 40 kV and 30 mA, respectively. The pore size 
diameter of HMgO nanoparticles was measured using 
Measure IT and Nano Measurement software taken via SEM 
image. Fourier transform infrared spectroscopic (FTIR) spec-
tra were recorded using a spectrophotometer (Spectrum 
RX I, PerkinElmer, USA). The spectra were recorded from 
4,000 to 500 cm–1 at a resolution of 1 cm–1 and are baseline 
corrected. The adsorbed amount of methylene blue on the 

Fig. 1. Chemical structure of bisphenol A (BPA).
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surfaces of adsorbent was considered 130 Å2 (1 Å = 0.1 nm) 
which assumed as specific surface area [45]. Moreover, pH 
drift approach was used for measuring point of zero charge 
(pHpzc) and the adsorbent surface charge [46]. A metrohm 
pH-meter (Model: AZ, Horiba D-14, Kyoto, Japan) was used 
for the measurement of solution pH. The concentration of 
the residual BPA was measured by a gas chromatography 
(GC Agilent 7890 model, USA) with a DB-5 column (0.25 μm 
phase, 0.25 mm i.d., 30 m flow rate of 1 mL/min of the car-
rier gas (helium)) with increasing from 50°C to 300°C at 
10°C/min, and then kept for 2 min at 300°C.

2.4. BPA adsorption experiments

The adsorptive removal of BPA in aqueous media was 
studied in batch experiments at room temperature (25°C). 
In this regards, the specific adsorbent dosages were added 
to 100 mL BPA solutions with different concentrations and 
shaken vigorously on a rotary shaker at different time peri-
ods. In this study, various factors have been investigated such 
as, contact time (5–200 min), solution pH (4–11), adsorbent 
dosages (2–100 mg/L), its adsorption and desorption, and ini-
tial BPA concentrations of 2–200 mg/L. Batch experiments of 
BPA removal were carried out twice and the mean values of 
data were considered as final results. In addition, HCl and 
NaOH solutions were used for adjusting solution pH.

2.5. Adsorption isotherms

The experimental equilibrium data were fitted to 
the Freundlich (Eq. (1)), Langmuir (Eq. (2)), Dubinin–
Radushkevich (D–R) (Eqs. (3) and (4)), Redlich–Peterson 
(R–P) (Eq. (5)), Temkin (Eq. (6)) and Langmuir–Freundlich 
(Eq. (7)) isotherm models expressed by the following 
equations:

Log Log Logq K
n

Ce F e= +
1  (1)

where KF (L/g) and n are the constants of model, indicat-
ing adsorption capacity and intensity, respectively. These 
parameters were respectively obtained through the intercept 
and slop of plot lnqe against lnCe, as follows [47–49]:
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where Ce (mg/L) expresses the concentration of BPA at 
the equilibrium time and b (L/mg) is the model constant. 
Qe (mg/g) and Qm (mg/g) are the sorption capacity of the 
adsorbent and the maximum monolayer adsorbent capacity 
at the equilibrium time, respectively. The slope and intercept 
of plot Ce/qe vs. Ce were used for obtaining Qm and b as follows 
[47–49]:

ln lnQ Q k= −0
2ε  (3)

where Q is the concentration of adsorbed BPA (mol/g), 
Q0 (mol/g) is the adsorption capacity and k (mol2/J2) is the 

constant attributed to the adsorption energy, respectively 
[45–47]. Besides, ε is the Polanyi potential (J2/mol2) that was 
determined as follows:
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where R is the universal gas constant (8.314 J/mol K) and 
T (K) is the temperature of the solution containing adsorbate 
molecules, respectively [47–49].
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where KR is the R–P constant (L/g), aR is the R–P constant 
(L/mg) and β is the exponent which lies between 1 and 0 [45].
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where Kt is the equilibrium binding constant (L/mol) corre-
sponding to the maximum binding energy, b is related to the 
adsorption heat, R is the universal gas constant (8.314 J/K mol) 
and T is temperature (K) [45].
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where q is the amount of BPA adsorbed on the HMgO 
nanoparticles at equilibrium (mg BPA/g HMgO), Qm is the 
adsorption capacity of the system (mg of sorbate/g sorbent), 
which can also be expressed as Nt, which is a measure of total 
number of binding sites available per gram of sorbent, Ceq is 
the aqueous phase concentration at equilibrium (mg/L), Ka is 
the affinity constant for adsorption (L/mg) and n is the index 
of heterogeneity [45].

2.6. Kinetic studies

Pseudo-first-order and pseudo-second-order models 
were used for understanding the adsorption mechanism. The 
linearized-integral form of the pseudo-first-order model is 
given as follows:

ln lnq q q k te t e−( ) = − 1  (8)

where qe and qt (mg/g) represent the adsorbed quantities of 
BPA at equilibrium and specific time periods, respectively. 
Furthermore, k1 and t are the specific rate constant of model 
and time (min), respectively. k1 and qe were also obtained by 
the slope and intercept of plot ln(qe – qt) vs. time (t), respec-
tively. Eq. (9) shows the linear form of pseudo-second-order 
kinetic model as follows: 
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where k2 is defined as the specific rate constant of 
pseudo-second-order kinetic model. While, the rest of 
parameters were defined above. The intercept and slope 
of plot t/qe vs. time (t) were used for obtaining the amount of 
k2 and qe, respectively [47–50]. 

3. Results and discussion

3.1. Characterization of HMgO nanoparticles

The SEM image was taken to investigate the surface 
properties and the structure of prepared HMgO (Fig. 2(a)). 
Fig. 2(a) shows the SEM image of HMgO nanoparticles 
taken at different magnifications. SEM micrograph showed 
that HMgO nanoparticles size is in the range of 20–80 nm. 
As shown in Fig. 2(a), the synthesized MgO have the cubic 
and hexagonal structure, condensed and without pores. 
Ionic liquid has a very important role in the formation of 
nanoparticles. Besides, the results of the specific surface area 
analysis by methylene blue molecules exhibited a specific 
surface area of 173 m2/g for HMgO nanoparticles prepared 
via sol–gel process, which revealed proper surface area for 
adsorption of BPA molecules [43,44]. X-ray diffraction pat-
tern was employed for investigation of the crystalline phase 
and structure of prepared HMgO nanoparticles. Fig. 2(b) 
exhibits the XRD pattern of the calcined products at 300°C 
and in a 2θ range of 10°–85°. It also shows the partial crystal-
line nature. Clearly, the characteristic diffraction peaks of the 
XRD pattern for HMgO sample at 18.62, 37.93, 50.97, 58.76, 
62.26, 68.45,72.03 and 81.50 were attributed to the (001), (101), 
(102), (110), (111), (103), (112) and (202), respectively, which 
was in agreement with the 00-002-1092 standard card from 
Joint Committee on Powder Diffraction Standards (JCPDS). 
The average crystallite size of HMgO nanoparticles was 
determined by Debye–Scherer formula as follows:

D K
=

λ
β θcos

 (10)

where K (0.94) is a shape factor, λ is the wavelength of 
Cu Kα radiation (λ = 0.15418 nm), β is the full-width at 
half-maximum (FWHM) of main intensity peak and θ is the 
angle of diffraction [46]. The mean size of the crystallites in 
HMgO structure which was found by the FWHM of the XRD 
peak (101) by Eq. (12). The crystallite size was estimated to 
be 3.42 nm. The surface chemistry and functional groups of 
adsorbents have an undeniable role in the adsorptive removal 
of adsorbate molecules. Fig. 2(c) shows the FTIR spectrum of 
HMgO in the range of 500–4,000 cm−1. For HMgO nanopar-
ticles, the characteristic peaks found at 1,433 and 3,698 cm–1 
related to hydrogen-bonded OH, 434 cm–1 related to magne-
sium oxygen bond vibrations (Mg–O), 1,641 and 3,441 cm–1 
were corresponded to H–O–H stretching. Finally, the band 
appeared at 3,698 cm–1 can be attributed to the stretching and 
bending vibrational frequencies of HMgO bending. The band 
appeared at 3,698 cm–1 is eliminated, if nanoparticles are 

heated for 2 h at 400°C. This reflects the magnesium hydrox-
ide with hexagonal structure convert to the magnesium oxide 
with cubic structure.

3.2. Effect of initial pH and point of zero charge

Solution pH has always been considered as a critical factor 
in a typical batch system, due, in essence, to its significant 
effect on the charges of the adsorbent surfaces [15,47]. BPA 
removal from aqueous solution was carried out at various 
pH values of 4, 7, 9 and 11 by micro-additions of adding 
diluted HCl or NaOH, while the other experimental fac-
tors were 50 min contact time, 10 mg/L BPA concentration 
and 20 mg/L HMgO dosage. The obtained findings are 

(a)

(b)

(c)

Fig. 2. SEM image (a), XRD spectra (b) and FTIR spectra 
(c) of sample of HMgO nanoparticles.
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demonstrated in Fig. 3, indicating no significant changes in 
BPA adsorptive removal with enhancing solution pH from 4 
to 7. However, further increase in solution pH to 9, caused a 
slight increase in BPA adsorption. While, by increasing pH 
to 11, the adsorption efficiency of BPA witnessed a decline 
from 4.2 to 2.5 mg/g. To explain the adsorption rate onto 
HMgO nanoparticles, BPA has a pKa value of 10.6. At pH 
values pH <9 and 9–12, BPA is appeared in molecular and 
anionic statues (HBPA– or as BPA2), respectively [15]. On the 
other hand, the point of zero charge (pzc) was studied to 
investigate the surface charge of HMgO. The pzc of HMgO 
is 8 which means that the surface of HMgO carrying positive 
charges below pH 8 and surface of HMgO will be deproton-
ated at pH values higher than 8. With an increase in pH from 
9 to 11, the number of hydroxyl ions in the solution has high 
competition with HBPA– or BPA2– to occupy the vacant sur-
face reactive sites of adsorbent.

3.3. Effect of adsorbent dosage

BPA adsorptive removal was studied at different dos-
ages of applied nanoparticles (2, 5, 10, 20, 50 and 100 mg/L, 
reaction time of 50 min, initial BPA concentration of 10 mg/L, 
pH of 7.0) and the related findings are illustrated in Fig. 4. 
Accordingly, a simultaneous improvement in BPA adsorp-
tive removal (24.9%–100%), Fig. 4, and decrease in adsorbed 
BPA (13 to 1 mg/g), Fig. 4, were observed by enhancement 
of adsorbent dosage from 2 to 100 mg/L. The increase in the 
BPA removal efficiency (%) at high adsorbent dosages is due 
to the increasing available surface area and subsequently 
more adsorptive sites in the adsorption process. On the other 
hand, increasing the quantity of adsorbent dosage from 2 to 
100 mg/L, resulted in decreasing the amount of adsorbed pol-
lutant per unit of the adsorbent dosage, because of the fact 
that a few number of active sites are remained unoccupied 
[47,49]. According to Fig. 4, increasing the adsorbent dosage 
from 50 to 100 mg/L, the removal percentage of BPA by the 
adsorbent represented an insignificant increase. Therefore, 
20 mg/L was selected as an equilibrium amount of adsor-
bent in the next batch experiments. Similar findings have 
been reported by Noorimotlagh et al. [49] and Kumar and 
Porkodi [51].

3.4. Effect of contact time and kinetics study

Fig. 5 shows the effect of reaction time at six different 
intervals (5, 10, 20, 50, 100 and 200 min) at adsorbent dosage 
of 20 mg/L, initial BPA concentration of 10 mg/L, pH of 7.0. 
BPA adsorptive removal showed a significant enhancement 
to 80%, by passing the reaction time to approximately 50 min. 
Afterwards, a slight increase was seen in the removal effi-
ciency of BPA from 80% to 90%, with increasing contact time 
from 50 to 100 min which became constant at 200 min. This 
issue can be illustrated by the fact that at the first stages of reac-
tion, the large number of vacant surface reactive sites tends to 
adsorb more adsorbate molecules. Afterwards, the majority 
of active sites present on the surface of the HMgO nanoparti-
cles are saturated by the adsorbate molecules. Thus, the con-
tact time of 50 min was selected as an equilibrium time for 
conducting subsequent experimental runs. The adsorption 
rate is known as an effective agent beneficial for the evalua-
tion of adsorption mechanism in order to obtain the essential 
information for sketching and modeling of the experimental 
process [48]. Thus, the linear forms of the pseudo-first-order 
and pseudo-second-order kinetics models were applied 
for fitting the experimental data of BPA removal. The 
parameters of pseudo-first-order and pseudo-second-order 
models were also obtained. Results of the present research 

Fig. 4. Effect of adsorbent dosage on the amount of adsorbed 
BPA (mg/g) and removal efficiency (%) of BPA.

Fig. 5. Effect of contact time on the adsorption of BPA.
Fig. 3. Variations in the amount of adsorbed BPA onto HMgO 
nanoparticles vs. initial pH.
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showed that the adsorption kinetics of BPA onto the HMgO 
nanoparticles followed the pseudo-first-order kinetics 
model. Pseudo-first-order model (0.998) had higher coeffi-
cient of correlation than pseudo-second-order model (0.997). 
In pseudo-first-order kinetics model, there was a good agree-
ment between the experimental and calculated values of 
qe (qe cal. = 4.2 mg/g and qe exp. = 3.85 mg/g), while the exper-
imental and calculated values of qe for pseudo-first-order 
kinetics model were qe cal. = 5.15 mg/g and qe exp. = 3.85 mg/g, 
respectively. Yusuf and Shehu reported similar results for 
BPA, 17β-estradiol and 17α-ethinylestradiol sorption onto 
powdered poly-1-methylperrol-2-ylsquaraine [52].

3.5. Effect of initial concentration of BPA and isotherm study

The initial concentration of contaminants is known as an 
effective parameter on the sorption process [49]. Fig. 6 depicts 
the adsorptive removal of BPA from aqueous solution at nine 
different amounts of contaminant (2, 5, 10, 20, 50, 100, 200, 250 
and 309 mg/L) at the adsorbent dosage of 20 mg/L, the reaction 
time of 50 min and pH of 7.0. It is observed that with an enhance-
ment in the initial BPA concentration from 2 to 309 mg/L, the 
amount of BPA adsorbed per HMgO nanoparticles mass unit 
was increased (from 0.34 to 46.4 mg/g). It can be stated that 
because of the strong driving force, decreased resistance to the 
uptake of BPA molecules on adsorbent surface, between the 
aqueous solution and HMgO nanoparticles as solid phase that 
occurs by increasing the initial concentration of the adsorbates 
and consequently the adsorption capacity increases [47,48]. 
Moreover, the better elucidation of the adsorption behavior 

with different adsorbents is the study of adsorption isotherms. 
Adsorption isotherm is a critical factor in describing the 
adsorption process. The isotherm parameters of Freundlich, 
Langmuir, D–R, R–P, Temkin and Langmuir–Freundlich mod-
els are tabulated in Table 1. Based on Table 1, the coefficients 
of correlation (R2) of Freundlich were high, compared with the 
other five models. Thus, the isotherm data were better fitted 
to Freundlich model for describing the adsorption mechanism 
that took place between HMgO and BPA ions [24]. In another 
study, Li et al. stated that the findings of BPA sorption have a 
significant correlation with Freundlich model which are in line 
with the obtained findings of this research [53].

3.6. Regeneration of HMgO

The process of adsorbent regeneration is an important 
issue influencing on the adsorption process expenses and 
consequently reusing adsorbents and recovery of adsorbate 
[12,48]. The regeneration experiments were performed by 
means of methanol and dichloromethane for determination 
of the efficiency of the spent sorbent. To perform regenera-
tion of adsorbent, some experiments were performed at an 
initial BPA concentration of 10 mg/L, adsorbent dosage of 
20 mg/L and reaction time of 50 min. Table 2 shows the results 
of BPA adsorptive removal using pristine and regenerated 
HMgO nanoparticles. Eq. (11) was applied for estimation of 
the regeneration efficiency (Re) as follows:

R
M
Me = ×ac

bc

100  (11)

where Mbc and Mac (mg/g) are the amounts of adsorbed 
BPA onto HMgO nanoparticles before and after regenera-
tion tests, respectively [47]. As can be seen, the regeneration 

Table1
Isotherm models for the adsorption of BPA onto HMgO nanoparticles

Langmuir 
isotherm model

Freundlich 
isotherm model

Dubinin–Radushkevich 
(D–R) isotherm model

Redlich–Peterson 
(R–P) isotherm model

Temkin 
isotherm model

Langmuir–Freundlich 
isotherm model

R2 0.958 R2 0.997 R2 0.994 R2 0.996 R2 0.935 R2 0.918
qmax (mg/g) 62.5 KF (mg/g) 2.55 β –5 × 10–9 β 0.456 b 11.37 b 0.036
K (L/mg) 0.013 n 1.84 qm 

(mol/g)
9 × 10–10 aR (mg/g) 391 Kt –18.09 n 0.956

KR (L/g) 998 qm 0.956

Fig. 6. Effect of initial BPA concentration on the HMgO 
nanoparticles.

Table 2
The results of regeneration test

Adsorbent First step Second step Third step
η (%) Re (%) η (%) Re (%) η (%) Re (%)

HMgO 
(methanol)

80.51 95.95 79.43 94.52 92.14 77.24

HMgO 
(dichloro-
methane)

81.2 96.42 76.2 90.71 82.61 69.8

HMgO (virgin) 85.33 – 85.33 – – 85.33
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via methanol and dichloromethane (200 μL for 50 min with 
200 rpm) was the most suitable approach to desorb BPA from 
HMgO. Results of regeneration experiments revealed that the 
rate of regeneration (%) by methanol and dichloromethane 
showed a declining trend from 80.51% to 77.24% and 81.2% 
to 69.8%, respectively, after three consecutive cycles. Hence, 
from the findings of regeneration tests, it can be postulated 
that methanol could effectively regenerate HMgO nanoparti-
cles occupied by BPA molecules.

4. Conclusions 

This research showed that HMgO nanoparticles are 
efficient agents for adsorption of BPA, one of EDCs, from 
aqueous solutions. HMgO nanoparticle was synthesized via 
sol–gel process using [BMIM] BF4– ionic liquid and after char-
acterization by SEM, XRD and FTIR techniques was used as a 
sorbent for investigation of BPA adsorptive removal. Results 
of X-ray diffraction showed that HMgO nanoparticles were 
successfully synthesized and illustrated high purity and 
crystallinity. The average crystallite and nanoparticle size 
were 3.42 (according to Debye–Scherrer’s formula) and 
raging from 20 to 80 nm (according to SEM), respectively. 
BPA adsorptive removal via the applied adsorbent was 
highly influenced by solution pH, contact time, adsorbent 
dosage and BPA concentration. The optimum solution pH 
and adsorbent dosage were achieved at 7 and 20 mg/L, 
respectively. The optimum reaction time and adsorption 
capacity of BPA adsorptive removal using HMgO nanopar-
ticles were obtained 50 min and 4.2 mg/g, respectively. 
Findings indicated that Freundlich isotherm (R2 = 0.997) and 
pseudo-first-order kinetic (R2 = 0.998) models showed the 
best-fitted with data of BPA removal, in comparison with 
the other models. Overall, HMgO nanoparticles were the 
efficient adsorbents for treating BPA-contaminated media.
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