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a b s t r a c t
In this study, the perovskite structures of MoNiO4 (MNO) and modified MoNiO4 (MMNO) nanopar-
ticles were synthesized and used to remove a textile dye, Eriochrome Black T (EBT), from water solu-
tion. The MMNO structure was synthesized using the citrate sol–gel method. The Fourier-transform 
infrared spectroscopy, scanning electronic microscopy analysis, pore size distribution analysis, the 
N2 adsorption (Brunauer–Emmett–Teller (BET) specific surface area) analysis, and X-ray diffraction 
spectroscopy were used to characterize the prepared nanoparticles. The BET results showed that the 
surface area for MMNO nanoparticle increased slightly with the citrate sol–gel method. The effect 
of operating parameters such as adsorbent dosage, pH, and contact time were investigated. The 
maximum adsorption of EBT was obtained as 6.66 and 68.03 mg/g for MNO and MMNO, respec-
tively. The optimum conditions were pH of 7, mixing time of 25 min, the temperature of 25°C, and 
5 g/L MNO and MMNO for 100 mg/L EBT solution. The adsorption isotherm and the kinetic study 
showed that the adsorption EBT on adsorbents (i.e., MNO and MMNO) obeyed Langmuir isotherm 
and pseudo-second-order model, respectively. Moreover, measuring the thermodynamic parameters 
revealed that the adsorption process was non-spontaneous and endothermic.
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1. Introduction

Annually, about one million tons of dyes are produced in 
the world’s market, of which 70% belongs to azo dyes as the 
largest class of the commercial dyes [1]. A reactive azo dye 
contains one or more azo bonds (–N=N–) that act as chro-
mophores in the molecular structure [2]. Also, as the larg-
est group of organic dyes, azo dyes are difficult to degrade 
even at low concentrations due to its high resistance to light, 
heat, water, and chemical and microbial attack [3]. Therefore, 
it is highly essential to remove azo dyes from wastewater 
effluents before discharge into water bodies.

Many techniques have been introduced to remove 
dyes from wastewaters. Biological, oxidation, or ozona-
tion [4,5], flocculation [6], membrane separation [7], and 

adsorption [8–10]. Among the several techniques men-
tioned above, absorption methods are very proficient, eco-
nomic, and widely used for wastewater treatment [11]. 
Nanostructures as a novel option for the removal of dyes 
offer a class of promising adsorbents that are ultra-fine and 
have a large surface area. Today, the use of adsorbents have 
been increased to remove the dyes from wastewater [12–18]. 
The shape of nanoparticles is a very important factor in deter-
mining their physical and chemical properties. For example, 
optical or catalytic properties [19], CdTe tetrapods [20], and 
Cu2O coated with Cu nanoparticles [21] depend on their mor-
phologies are different.

The structure of perovskites (ABO3) is a combination 
of earth elements (A) and transition metals (B). By chang-
ing these elements, a wide range of these structures can be 
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synthesized. The rare-earth ion at the A-site supplies the 
thermal resistance of perovskites and the transition metal 
cation at the B-site attributes mainly to the catalytic activity. 
LaNiO3 perovskite has been used for many purposes such as 
electrode material, ferroelectrics because of its magnetic, and 
conductive thin films [22]. LaNiO3 catalysts have been used 
for generating energy by producing a hydrogen-rich gas 
stream using ethane [23], methane [24], and glycerol steam 
reforming. The use of LaNiO3 as a dye removal technique 
has been of great interest in recent years [25,26]. The main 
application of these nanoparticles includes the removable of 
methyl orange by La4Ni3O10 [27], degradation of 4-chlorophe-
nol in the La2NiO4 existence [27], Rhodamine B by LaMO3 
(M: Co, Cu, Fe, and Ni) [28], oxidation of phenol by using 
LaBO3 (B: Cu, Fe, Mn, Co, Ni) [29], and decolorization of and 
removal of Reactive Black dye by MoNiO4 perovskite [30].

The literature review on using perovskites in industrial 
pollutants shows that there are limited studies on pore size 
and perovskite surface area properties to remove the dyes. 
In the present study, molybdenum and nickel were used 
because of their high catalytic properties caused by their 
high vacancy orbital and an increase in their surface cavities 
by modifying them. Finally, to study the effect of increas-
ing surface area on the dye adsorption, the dye adsorption 
in these two catalysts was studied. Therefore, in continuing 
our previous research on adsorption of dyes from aqueous 
solution [31–36], MNO and MNO modified with Zn(NO3)2 
are synthesized and characterized and then a comparison is 
made between these two structures to adsorb Eriochrome 
Black T (EBT) dyes under different conditions such as con-
tact time, pH, and adsorbent dosage. Finally, adsorption and 
kinetic isotherms are considered to obtain parameters effec-
tive in dye adsorption processes.

2. Materials and methods

Many materials including of citric acid (99% C6H8O7, 
Merck, Darmstadt, Germany), ethylene glycol [99% 
(C2H4(OH)2, Merck, Germany], nickel nitrate salt [99% (Ni 
(NO3)2·6H2O, Merck, Germany), molybdenum trioxide 
salt [MoO3, 99%, Merck, Germany], zinc nitrate salt 
[Zn(NO3)26H2O, 99%, Merck, Germany], and ammonium 
chloride (NH4Cl, 99%, Merck, Germany) were used. The EBT, 
high quality, were prepared of Merck Company (Germany).

2.1. Instruments

Perovskite-structure, particle size, and phase purity of 
the samples were investigated by X-ray diffraction (XRD, 
Phillips PW 1840; k = 1.54056 Å). The peaks of the adsorbent 
diffraction pattern were typically scanned in the 2θ range of 
10°–80° with a velocity of 1.5°min–1. Fourier-transform infra-
red (FT-IR) spectra were measured on a Bruker (Germany) 
spectrophotometer pressed into KBr pellets and reported 
in wavenumbers (cm–1). To measure nanoparticles size, a 
transmission electron microscopy (TEM, PHILIPS CM200 
FEG apparatus, Netherlands) and a scanning electron micro-
scope (SEM; Philips XL30, Netherlands) were used. UV-vis 
absorption spectra were prepared at 23°C–25°C tempera-
ture using a Cary 100 UV-vis spectrometer (Varian, USA). 
The Brunauer–Emmett–Teller (BET) method (Quantachrom 

CHEMBET-300, Austria) was used for evaluating the surface 
area.

2.2. Synthesis of MNO and MMNO perovskite structures

To synthesize the MNO compound, citric acid, distilled 
water, and nickel nitrate were added to a mixture of eth-
ylene glycol under vigorous stirring. The molar ratio of citric 
acid to nickel nitrate was 5, and it was 1 for ethylene gly-
col to citric acid. After the nickel nitrate is completely dis-
solved, the MoO3 was added to the stoichiometric ratio. The 
solution obtained at 60°C until a gel with high viscosity is 
mixed slowly by a magnetic stirrer, which may take 12–24 h. 
To calcinate the obtained gel, it was placed in an electric 
furnace at a temperature of 800°C for 4 h. The heating rate 
was 1°C min–1 up to 400 and 3°C min–1 up to 800°C [37,38]. 
The structure of the perovskite (MMNO) is based on a pre-
vious method [39]. In this method, Zinc nitrate was used to 
make holes on the perovskite MNO surface. In this exper-
iment, the added Zn(NO3)2 in the final solution was trans-
formed to ZnO with a perovskite structure. Then, to remove 
it, the ammonium chloride (2 M concentration) was required 
to dissolve and exit ZnO from the perovskite structure.

After etching this structure, it stayed in deionized water 
for 2 h. To stabilize the structure, after drying, the precipitate 
was re-calcined at 800°C. During the etching process, a small 
amount of ammonia was produced according to Eq. (1).

2 24 3 2 2NH Cl ZnO NH ZnCl H O+ → + +  (1)

The reason for using ZnO is its high ion radius, the 
formation of a hole in the perovskite structure, and easy 
dissolution and separation after its calcination.

2.3. Method

For the study, the adsorption ability of the EBT dye, sev-
eral parameters were investigated such as pH, adsorbent dos-
age, temperature, and time. For adsorption experiments, the 
amount of 0.002–0.08 g of adsorbent was mixed with 10 mL 
EBT solution which preset pH, temperature, and dye con-
centration in a suitable amount. The pH value was adjusted 
between 2 and 11 using HCl (0.1 mol/L) or NaOH (0.1 mol/L) 
solution. Finally, using the spectrophotometer and the fol-
lowing equations were used to measure the amounts of 
adsorption and the adsorption capacity.

%Removal =
−

×
C C
C
i f

i

100  (2)

q
C C V
Me

e=
−( )0  (3)

where Cf is the initial and the Ci final concentrations of 
EBT in solution, qe is the amount of absorption capacity, and 
the Ce and C0, respectively, indicate a balanced and initial 
concentration of dye in solution (mg/L). Moreover, V and 
M, which indicate the solution volume (L) and dosage of the 
absorbance (g), respectively [40].
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The kinetic models including pseudo-first-order and 
pseudo-second-order models and isotherms including 
Langmuir and Freundlich for EBT removal with adsorbents 
were applied to experimental data and adsorption parame-
ters were calculated as reported in [16,34,41].

The PZC was calculated using the following method: 
First, to completely remove the CO2 dissolved in the water, 
100 mL of deionized water was added to an Erlenmeyer flask 
capped with cotton and then was heated for 20 min. Next, 
10 mL of it was added into 25 mL Erlenmeyer flask with 0.5 g 
of adsorbent and mixed for 24 h at 25°C. Finally, the solution 
pH indicates the PZC. This method has shown satisfactory 
results elsewhere [42–44].

3. Results and discussion

3.1. Analysis of FT-IR, SEM analysis

Fig. 1 shows the FT-IR spectrum of the MNO and the 
MMNO. There are three peaks at 447, 629, and 960 cm–1 that 
related to the molybdenum and nickel bond in the struc-
ture. The peak at 3,436 cm–1 is related to the vibration of 
the OH groups in the structure of the MoNiO4. After mod-
ification, the structure of the MMNO did not change and 
only a slight shift in the peaks occurred. Also, the peak at 
3,444 cm–1 is related to stretching vibrations in O–H. Here, 
the peak intensity decreased for MMNO. The reason for the 
decrease in its intensity is the evaporation of the moisture 
in the structure of nanoparticles due to the increase in the 
number of cavities. As a result, these two structures are 

very similar to each other such that no changes are made by 
modifying the structure.

The images of TEM and SEM analysis related to the 
MMNO are shown in Fig. 2. From the SEM analysis, it can 
be concluded that the nanosized structure consists of spher-
ical particles. Based on the results obtained from the TEM 
images, the MMNO particles are agglomerated and the 
diameter of the particles is 20–40 nm.

The findings of the XRD test for two samples of MNO 
and MMNO are presented in Fig. 3. Compared to standard 
cards, nanoparticles, or nano-adsorbents are well-synthesized 
because the sample peaks are like the standard sample 
MoNiO4 (reference code: 98-003-6675). Also, the results show 
that the MNO structure has a perovskite crystal phase with-
out any other crystalline phases by a relatively sharp peak. As 
mentioned before, to increase the MoNiO4 surface area, etch-
ing operations using zinc nitrate were used. XRD patterns of 
the MoNiO4 after etching, that is, MMNO, are presented in 
Fig. 3. After the etching operation, the original structure of 
MoNiO4 is retained without the presence of zinc oxide in its 
structure.

Moreover, using the Scherrer equation, the average 
particle size is about 23.45 and 27.36 nm for MMNO and 
MNO, respectively.

3.2. Surface area and pore characteristics

Table 1 shows the results of the analysis of the surface area 
by BET method of MNO and MMNO perovskite catalysts.

Fig. 1. FT-IR spectrum of MNO and MMNO perovskite surface.
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BET N2 adsorption-desorption analysis was used to 
determine the specific surface area and pores size distribu-
tion in the MNO and MMNO nanostructures at 77 K (Fig. 4). 
The adsorption-desorption isotherms of MMNO sample did 
not have any hysteresis loop. However, for the MNO sam-
ple, it has a distinct H3 hysteresis loop in the relative pres-
sure (P/P0) range of 0.55–1.0, indicating that the pore size 
distribution is not uniform [32]. The specific surface areas 
calculated for the MNO and MMNO based on the BET 
model are 2.83 and 3.03 m2 g–1, respectively, and the pore 
volumes determined by the BJH approaches are 0.015 and 
0.012 cm3 g–1, respectively.

The special surface in the structure of MNO is less than 
that of the MMNO structure, which is synthesized by the 
sol–gel citrate method [39]. As can be seen, the mean pore 
diameters for MMNO and MNO are 15.378 and 21.576 nm, 
respectively. This reduction is due to zinc oxide created in 
the etching process in the final structure of the MMNO [39]. 

In the structure of MMNO, Zn has an effective atomic radius 
of 0.75 Å, which was replaced instead of the nickel element 
with an effective atomic radius of 0.6 Å. Moreover, this 
element provides a cavity in the final structure of MMNO.

3.3. Study of the operational parameters

One of the key factors in the general adsorption process 
is the effect of pH, which affects the chemical properties of 
both materials adsorbents and dyes in solution. To study 
the effect of pH on the adsorption process, 0.05g of adsor-
bent was added to 10 mL and 100 ppm of EBT solution, and 
the pH of the solution was set at 2–11. Fig. 5 demonstrates 
the dependence of pH on the EBT adsorption efficiency 
onto the adsorbents.

For the MNO and MMNO adsorbents, with increasing 
the pH, the removal amount of EBT is constant up to the 
pH of less than 7 and then decreases with increasing the pH 
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Fig. 2. TEM and SEM images of MNO and MMNO perovskite surfaces.
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Fig. 3. Real and referenced XRD patterns of MNO samples after calcination at 800°C (reference code of MoNiO4 sample: 98–003–6675).
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value. Thus, pH = 7 was selected as the best pH. The PZC 
values of the MNO and MMNO are 5.5 and 4.78, respec-
tively. At lower pHs (pH < pHPZC), the adsorbent had a posi-
tive charge. Moreover, EBT may be present in anionic forms. 
Under such conditions, EBT molecules have a high tendency 
to the absorbents. By increasing the pH value (pH ≥ pHPZC), 
EBT removal tends to change in an inverse direction [45]. 
Since the adsorbent has a negative charge, there is a repulsion 
between dye and adsorbents.

However, as shown in Fig. 5, at pH = 11, the rate of 
absorption is increased probably due to degradation of the 
dye molecules by concentrated hydroxyls ions [41,46].

To study the effect of the adsorbent dosage on the dye 
removal, various dosages of the adsorbent for adsorption 
of the 100 ppm EBT solution were used. Results in Fig. 6 
show that by increasing the adsorbent dosage of MNO from 
0.002 to 0.08 g led to a decrease in the dye removal rate. The 
obtained optimal mass for the MNO adsorbent was equal 
to 0.05 g. Similar results were obtained for MMNO, where 
the optimal mass for the adsorbent was measured as 0.05 g.

With an increase in the amount of this adsorbent, the 
dye molecules are adsorbed more by these sites and thus 
trigger a jump in the amount of adsorption. In addition, 
according to Fig. 6, by increasing the amount of adsorbent, 
the amount of adsorption improves dramatically up to 
0.05 g and then becomes more moderate.

As can be seen from Fig. 7, the removal efficiency 
increased with increasing the contact time and reached an 
optimum time at 25 min for adsorbents, and the removal 
percentage reached 77.2% and 96% for MNO and MMNO, 
respectively.

Afterward, the changes in adsorption increase were 
low. Therefore, because of the availability and abundance 
of vacant sites on the surface of the adsorbent, the rapid 
adsorption of EBT happens in the first few minutes.

3.4. Adsorption isotherms and kinetics

Fig. 8 presents the adsorption isotherm of adsorbents for 
EBT dye, which was fitted based on the adsorption process 
data. Table 2 shows the correlation coefficients and the adsor-
bent parameters. As can be seen from Table 2, the Langmuir 
model well fitted the adsorption isotherms and, theoretically, 
capacity absorption has the highest amount.

The EBT dye adsorption on the adsorbents occurred 
quickly, as is inferred from the values of 1/n and RL obtained 
from the Langmuir and Freundlich models, respectively; 
however, the adsorption of dye occurred favorably. By 
considering the results of this section, it can be concluded 
that there is monolayer adsorption for the EBT dye on the 
adsorbents.

Table 1
BET surface areas and crystallite size of MNO and MMNO 
samples

MMNOMNO

3.02532.8328Surface area (m2/g)
15.37821.576Mean pore diameter (nm)
0.012110.015012Pore volume (cm3 g–1)

 
Fig. 4. Nitrogen adsorption–desorption isotherms and the cor-
responding pore size distribution curves for MNO and MMNO 
samples.

 
Fig. 5. Effect of pH on adsorption EBT dye on the adsorbents 
(conditions: 5 mg adsorbent, 10 mL of 100 mg/L of dye, duration 
of oscillation time of 30 min).

 
Fig. 6. Effect of adsorbent dosage on adsorption of dye on the 
adsorbents (conditions: 10 mL of 100 mg/L of EBT, duration of 
oscillation time of 30 min).
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Kinetic models can be used as an appropriate model for 
understanding the absorption mechanisms. The most widely 
used equations in this regard are the pseudo-first and second- 
 order models. These two models were used to study the 
adsorption kinetics of the EBT dye by adsorbents.

According to Fig. 9, the pseudo-second-order model 
was fitted best to the experimental data, suggesting that the 
rate-limiting step is the chemical absorption that involves 
electron transfer between the absorbent and adsorbate by 
the valence force. The results of kinetic models are presented 
in Table 3.

3.5. Thermodynamic studies

The changes of enthalpy (ΔH°), Gibb’s free energy (ΔG°), 
and entropy (ΔS°) for the adsorption were determined by:

ln K S
R

H
RTl =

°
−

°∆ ∆  (4)

∆ ∆ ∆G H T S° = ° − °  (5)

where T, R, and Kl are the solution temperature (K), universal 
gas constant (8.314, J K–1 mol–1), and the equilibrium constant, 
respectively [47] and they are tabulated in Table 4.

The increased randomness at the solid/solution interface 
during the adsorption happens when the value of ΔS° is 
positive [48,49]. The positive values of ΔG° in Table 4 reveal 
that EBT dye adsorption on adsorbents is not spontaneous 
processes. Also, it is considered that the ΔG° values increased 
with increasing temperature from 20°C to 50°C, indicating 
that the method was more efficient at the lower tempera-
ture. Moreover, according to the Table 4 for dye adsorption 
by adsorbents, the negative value of ΔS° and positive value 
of ΔH° represents that the process is endothermic with 
decreasing in randomness at the solid-solution interface 
within adsorption [50]. The lower adsorption heat obtained 
for modified adsorbent indicated that physical rather 
than the chemisorption adsorption was prevailing [51].

Fig. 7. Effect of reaction time on adsorption of EBT on the 
adsorbents (conditions: 10 mL of 100 mg/L of EBT).
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Fig. 8. Adsorption isotherms of dye adsorbed onto MNO and MMNO in aqueous solution; Langmuir model, and Freundlich model.
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3.6. Adsorption mechanism

To investigate the mechanism of EBT adsorption on 
adsorbents, the FT-IR spectra of EBT loaded adsorbents were 
used (Fig. 10). Comparing Fig. 10 with Fig. 2 reveals that 
no additional peak appears in the FT-IR analysis of struc-
tures after the end of the adsorption process. Results indi-
cate that there is no interaction between the dye molecules 
and the adsorbent surface. Hence, it can be concluded that 
the mechanism of adsorption on the adsorbent is physical 
and the cause of the adhesion of dye to the adsorbent surface 
is the weak van der Waals forces.

Fig. 11 presents the structure and related properties of 
the EbT dye and adsorbent. The results show that adsorbent 
has many hydroxyl groups onto the surface; and a hydro-
gen bond will be formed by combining these groups with 
adsorbate and between them. Studying the dye reveals the 

sulfonyl group of EbT, with electron donor and receptor, 
is easy to combine with adsorbent and formed hydrogen 
bonds. The adsorption effect, in the EbT solution, mainly 
depends on hydrogen bonds. Because of the existence of 
electronic donors and receptors, the formation of the hydro-
gen bond is easy. Therefore, adsorbents of MNO and MMNO 
combine easily with many sulfonyl groups.

Also, the pore size and pore volume are important prop-
erties considered in the manufacture of materials as adsor-
bents for specific applications. They are accessible to a mol-
ecule of a given size. The physical adsorption mechanism 
in small pore size is mainly pore filling due to the overlap-
ping of the pore; thus, larger molecules cannot access the 
small pore size of the adsorbent. Table 2 shows the maxi-
mum adsorption capacities of the MNO more than MMNO. 
It was 68.03 and 6.66 m2/g for MMNO and MNO samples. 
The results of BET analysis (Table 1) also show that modify-
ing the adsorbent increases very slightly in surface area and 
decreases the mean pore diameter. The mean pore diameters 
were 15.376 and 21.576 nm for MMNO and MNO samples, 
respectively.

It seems that the narrowing the pore size in the MMNO 
has led to an increase in the adsorption of the EBT mole-
cules on the absorbent surface and increased the amount of 
adsorption capacity.

Based on BET results, it is seen that modification of the 
adsorbent surface, which increases the uniformity of pore 
size distribution, also rises dye adsorption. Shrinking the size 
of the cavities in the MMNO increased the catching of the 
EBT dye on the absorbent surface and increased the amount 
of dye adsorption.

Table 2
Comparison of dyes adsorption capacity of different adsorbents

Adsorption isotherm MMNO MNO

Langmuir equation

R2 0.997 0.989
qmax (mg g–1) 68.03 6.66
KL (L mg–1) 0.056 0.0283
RL 0.151 0.260

Freundlich equation
R2 0.9032 0.948
KF (mg g–1) 2.547 33,989,152.92
1/n 0.591 0.157
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Fig. 9. Kinetic models for the adsorption of dyes; pseudo-first-order and pseudo-second-order kinetics.
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Table 3
Pseudo-first-order model and pseudo-second-order model parameters constants for the adsorption of dyes on MMNO and MNO

Pseudo-second-order modelPseudo-first-order model
Absorbents

R2k2 (g mg–1 min–1)qe (mg g–1)R2qe (mg g–1)k1 (min–1)

0.99930.057214.220.9533.330.0428MMNO
10.13310.880.9001.300.0094MNO

Dyes and 
adsorbent 

Structural 

formula 

EBT 

 

MNO 

 

OH

OH OH OH OH OH OH

OH
OH

OH OH OH OH OH OH
OH

OH
OHHO

HO
HO

OH
OH

HO HO

MNO

Fig. 11. FT-IR spectrum of MNO and MMNO perovskite surface after dye adsorption.

 Fig. 10. Structures and properties of EBT dye and adsorbents.
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3.7. Compare this research with previous research

Table 4 shows a comparison between previous research 
works, which have various transition metal- containing 
with this study [30,52–56]. Dye removal efficiencies using 
perovskite structure has been rarely reported in the lit-
erature. To the best of authors’ knowledge, there is no 
study on the EBT removal in the presence of MoNiO4 
structure.

In various studies (Table 5), the initial concentration of 
dye is between 5 and 1,000 mg/L. Meanwhile, in the pres-
ent research, 5 g/L of MoNiO4 was removed from 100 mg/L 
dye solution because highly-concentrated dye solutions 
are more difficult to remove. For instance, 27.71 g/L of 
CuO/g-Al2O3

 was used for the treatment of 1,000 mg/L, 4 g/L 
of Ni/MgAlO for the treatment of 200 mg/L, and 27.71 g/L 
of CuO/g-Al2O3 for the treatment of 1,000 mg/L dye 
solutions [53,54].

To evaluate the practical applications of a system for 
removing the dye, the reaction time plays a very important 
role. Therefore, different times were investigated for up to 
180 min. In the present study, the optimal time to remove dye 
by the MoNiO4 structure at room temperature is 25 min. by 
reviewing the past papers in Table 5, it can be concluded that 
the MoNiO4 structure has a high power of dyes removal at a 
better time.

The maximum adsorption capacities of EBT dye on other 
reported [57–63] adsorbents in the literature are presented 
in Table 6. The adsorption results confirmed that MMNO 
adsorbents exhibited higher adsorption capacity for dye, 
indicating a highly efficient and potential adsorbent for the 
treatment of anionic dye contaminated water.

4. Conclusion

In this study, the ability of EBT removal from aqueous 
solutions was examined by modified MoNiO4 nanoparticles. 
Investigating the structure of the fabricated adsorbent was 
done using FT-IR, XRD, SEM, TEM, and BET analyses. We 
investigated the optimized conditions for studying the effi-
ciency of MoNiO4 structure as a compound for dye removal 
included MoNiO4, reaction time, temperature, and pH of the 
solution. The significant results of this study are as follows: 

• The optimum conditions for 100 mg/L EBT solution were 
pH of 7 and 5 g/L for adsorbents of MNO and MMNO, 
respectively.

• The adsorption capacity of EBT was obtained as 6.66 and 
68.03 mg/g for MNO and MMNO, respectively.

• With increasing the dosage of MMNO, the adsorption 
amount decreased.

• Langmuir isotherm and pseudo-second-order model 
better predicted the adsorption isotherm and adsorption 
kinetics, respectively.

• Results of thermodynamic parameters indicated that 
the adsorption process was non-spontaneous and 
endothermic.

The results show that the structure of MMNO perovskite 
has high efficiency for the dye of EBT removal from indus-
trial wastewater treatment.
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