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Abstract 

Manganese oxide nanoparticles (Mn2O3) were synthesized through an optimized urea-assisted combustion method 

and characterized for water treatment applications. The synthesized nanoparticles were characterized using X-Ray 

diffractometry (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) for the obtained nanoparticles 

demonstrated 98.2% removal efficiency for Sunset Yellow dye (SY) at pH 2 within 60 minutes with an adsorbent dose 

0.05 g/L and initial dye concentration 250 ppm. In addition, the higher agreement between qm(cal) and qm(exp) 

confirmed that Langmuir isotherm model was the best fit isotherm model described the adsorption process of Sunset 

Yellow dye (SY) over manganese oxide nanoparticles surface. The high coefficients of determination (R2) value 

(0.9964) indicated that Pseudo second order was the best fitting model of the adsorption process. 

Keywords: Manganese oxide nanoparticles, Combustion method, Sunset Yellow dye, Adsorption studies. 

1. Introduction 

The presence of dye in water streams has 

significant negative effects on living organisms [1]. 

Dyes are consumed globally by both small and large-

scale industries, with the textile sector being a major 

contributor to dye emissions into the ecosystem. 

Dyeing industries discharge substantial amounts of 

dye annually. The complex chemical structures of dyes 

allow them to absorb light and produce color.  Many 

dyes, particularly azo dyes, are highly carcinogenic. 

Furthermore, their non-biodegradable nature means 

they persist in the environment, posing long-term 

hazards. Therefore, removing dye molecules from 

wastewater before discharge is crucial to mitigate the 

short and long-term severe implications reported for 

aquatic life [2, 3]. Manganese oxides (MnOx), 

abundant in the Earth's crust, are crucial in 

biogeochemical cycles and are gaining significant 

attention in environmental science due to their large 

surface area and high reactivity. Specifically, nano-

sized MnOx exhibit enhanced properties like high 

redox potential and significant surface area with a 

negative charge, making them highly effective for both 

catalytic degradation of organic pollutants via 

advanced oxidation processes (AOPs) and adsorption 

of cationic contaminants in wastewater treatment [4]. 

In the realm of nanotechnology, achieving nanoscale 

particle dimensions is paramount for material 

formation, offering researchers significant advantages 

due to the unique optical, structural, and magnetic 

characteristics inherent at this scale. The properties of 

nanoparticles are fundamentally governed by factors 

such as their shape, size, composition, and internal 

arrangement [5]. Specifically, the dimensions and 

overall form indicate the particle size, leading to 

materials exhibiting consistent and stable properties. 

Consequently, the synthesis of nanoparticles hinges on 

establishing a well-defined core structure with precise 

control over their size [6, 7]. Manganese  oxides 

nanoparticles have been synthesized using methods 

like hydrothermal [8-10], sol-gel [11],  Co- 

precipitation [12], Microwave discharge in liquid [13] 

and green synthesis [14].These techniques are often 

present complexities, require significant time, involve 

multiple steps, and yield less product. In contrast, 

solution combustion synthesis stands out as a key 

technique for producing nanocrystalline powder due to 

its high yield, reduced time and energy consumption, 

and straightforward equipment requirements [15-18] 

using urea as a fuel [17, 19]. There are many 

mechanisms for removing dye from waste water such 

as photo-catalytic degradation, Fenton degradation, 

electrochemical degradation, liquid–liquid extraction, 

ultrafiltration, ion exchange often struggles to 

effectively treat colored wastewaters due to the 

complex aromatic structures of dyes. Therefore, 

developing an efficient decolorization method for 

these wastewaters is highly sought after. Adsorption is 

recognized as a cost-effective and straightforward 

technique capable of completely removing dyes from 

effluents, even at high concentrations[20]. Mn2O3 

nanoparticles were widely acknowledged as a low 

toxicity, environmental compatibility, highly efficient 

adsorbent for the removal of dyes from aqueous 

solutions for all morphologies nanofiber microsphere 

, nanotube , nano cone and nanorod  that have prepared 

and used in adsorption of Congo red dye with removal 

rate up to about 90.78% [21] .In this work manganese 

oxides nanoparticles  are prepared by auto-combustion 

method and applied for the removal of sunset Yellow 

)SY) dye with removal percentage reached to 98% at 

pH 2 after 60 minute.  

 

 

 

2. Materials and Methods 

2.1. Materials and chemicals  
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Manganese acetate (Mn(CH₃COO)₂ .4H2O, 

99.9%, Qualikems) was utilized as the metal source, 

while urea (CO(NH₂)₂, 99.5%, Adwic) served as the 

fuel in the synthesis process. Additionally, Sunset 

Yellow dye (SY) (C16H10N2Na2O7S2, Adwic) was 

employed in this study. All materials and chemicals 

with the highest quality and used directly. 
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Scheme (1): Chemical structure of Sunset Yellow 

(SY) dye. 

2.2. Auto-combustion synthesis of manganese    

oxide nanoparticles 
 Specific amounts of manganese acetate 

tetrahydrate (0.02 moles) as the oxidant source were 

dissolved in 50 ml deionized water and drops of 

concentrated nitric acid and allowed to stirring on 

hotplate-stirrer for complete dissolution. 2g of urea as 

the reducing agent were added to the previous solution 

with continuous stirring using hotplate-stirrer. The 

resulting solution was heated under continuous stirring 

to evaporate the excess water, leading to the formation 

of a viscous gel. Following water evaporation, the 

temperature was further increased under the same 

conditions to approximately 300 °C to initiate the self-

propagating combustion reaction. This process 

resulted in the evolution of various gases and the 

formation of a precursor powder. The obtained powder 

was subsequently calcined at 600 °C for 1 hour in a 

muffle furnace to remove any residual organic matter 

and to obtain the crystalline manganese oxides 

nanoparticles.   

2.3. Characterization 

     Synthesized manganese oxide nanoparticles 

sample was characterized using Fourier Transform 

Infrared (FTIR) spectroscopy and X-ray Diffraction 

(XRD) analysis. FTIR spectra measurements were 

carried out using a Bruker FT-IR spectrometer 

(Invenio S, Germany in a wavenumber range of 400–

4000 cm¹. For structural analysis, X-ray Diffraction 

patterns were recorded using a Bruker D8 Advance 

diffractometer with monochromatic Cu-Kα1 radiation 

(λ = 1.54178 Å). The measurements were conducted 

in the angular range of 10-80° (2θ) with a step size of 

0.02° and a scan step time of 0.4 seconds. Dye removal 

efficiency was recorded with respect to the changes in 

the absorption peak intensity at λmax = 480 nm for 

Sunset Yellow (SY) dye using double beam (UV-Vis) 

spectrophotometer model (Jasco V-670, USA). 

 

2.4. Adsorption studies 

      The Batch technique was carried out to achieve the 

optimum operating conditions for elimination and 

separation of Sunset Yellow dye on manganese oxide 

nanoparticles. Different parameters such as solution 

pH (2-11), manganese oxides nanoparticles dose 

(0.01-0.125 g/L), initial Sunset Yellow dye 

concentration (50-300 mg/L), and contact time (2-100 

min). To carry out the adsorption experiments, the 

solution pH was adjusted at first using 25 mL of (SY) 

dye solution using 0.1 M HCl and 0.1 M NaOH 

solutions. An optimized adsorbent dose of 0.05 g of 

manganese oxides nanoparticles were added to pH 

series of (SY) dye and allowed to stirring. The final 

concentration of (SY) dye in the clear solution was 

estimated at λmax = 480 nm by double beam UV–Vis 

spectrophotometer. The percentage removal (%R) of 

Sunset Yellow dye and adsorption capacity (qt) were 

calculated using the following Eq. (1,2): 

 

% R = (Wo −We)/Wo ×100        (1) 

 qt = ( Wo –Wt )(V/m)                 (2) 

Where qt is the adsorption capacity of (SY) dye 

adsorbed on manganese oxide nanoparticles at the 

time of equilibrium (mg/g), Wo and We are the initial 

and final concentration of (SY) (mg/L), V is the 

volume of sample, and m is the mass of adsorbent. 

Finally, besides percentage removal (%R) of (SY) dye 

and adsorption capacity (qt), isotherm and adsorption 

kinetics were performed under the variable 

experimental parameters. 

3. Results and discussion 

3.1. Characterization of manganese oxide 

nanoparticles  

     Fourier Transform Infrared (FTIR) spectrum of the 

sample exhibited characteristic absorption bands at 

specific wavenumbers, providing information about 

its functional groups and bonding. Notably, prominent 

peaks were observed at 657.63 cm-¹ and 515.60 cm-¹. 

These bands are attributed to the stretching vibrations 

of Mn-O bonds within the manganese oxide structure. 

Additionally, less intense peaks were present at 557.63 

cm-¹ and 435.05 cm-¹, potentially indicating other 

vibrational modes or structural features within the 

material as presented in Fig l. The presence and 

positions of these peaks are consistent with the 

reported spectral features of Mn2O3, suggesting its 

formation as a major component in the analyzed 

sample. Further detailed analysis and comparison with 

literature are recommended for a comprehensive 

assignment of all observed vibrational modes [10]. 

     X-ray diffraction (XRD) analysis was performed. 

The resulting diffraction pattern, as presented in 

 Fig. 2 identified morphology of sample structure 

nanoscale, confirms the presence of Bixbyite (Mn₂O₃) 

as the primary crystalline phase and (Mn3O4) as 

secondary phase according to cards No. 1514230 and 

1514236 respectively. The observed diffraction peaks 

were indexed to a cubic crystal system with space 
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group I a -3 (No. 206(. refinement of the lattice 

parameters yielded values of a = b = c = 9.41000 Å, 

consistent with the reported structure of Bixbyite. 

Prominent peaks are observed at 2θ values of 18.85, 

23.13, 32.95, 38.23, 45.16, 55.17, and 65.78 degrees, 

corresponding to the (200), (211), (222), (400), (332), 

(440), and (622) planes, respectively [10, 22].The 

crystalline manganese oxide nanoparticles (Mn₂O₃) 

can be extracted by using the Scherrer eq. (3):   

C = Zλ/βcosθB                               (3) 

Where λ is the wavelength of X-ray radiation, Z is 

constant, β is the full width at half the maximum of the 

diffraction peak and θB is the Bragg diffraction angle. 

The calculated average particle size of the annealed 

manganese oxide nanoparticles (Mn₂O₃) is found to be 

38 nm. 

 
Fig (1) (FTIR) of manganese oxide nanoparticles prepared by auto-combustion method. 

 
Fig (2) (XRD) of manganese oxide nanoparticles prepared by auto-combustion method. 

 

3.2. Batch adsorption experiments 
pH solution is a very valuable parameter in the dye 

adsorption process, as it controls the type of 

electrostatic charges that are gained by the charged 

dye species. For this, the pH effect of the adsorption 

process of (SY) dye on manganese oxide nanoparticles 

was studied by observing the percentage removal of 

(SY) dye using 25 mL of 100 ppm dye solution with 

0.05 g manganese oxide nanoparticles in the pH range 

of 2–11.  

The maximum removal efficiency (%R= 98.03%) 

was observed at pH 2 for the removal of (SY) dye on 

manganese oxide nanoparticles as showed in Figure 

3(a). The removal and dye adsorption were observed 

to vary significantly with pH, likely due to changes in 

surface charge and dye speciation [23, 24]. 
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Contact time is one of the significant factors in the 

adsorption process which clarifies the interaction 

between the adsorbent surface of the manganese oxide 

nanoparticles and the Sunset Yellow dye. The contact 

time effect of Sunset Yellow dye adsorption efficiency 

using manganese oxide nanoparticles as an adsorbent 

was investigated using 100 ppm dye solution in 25 mL 

at pH 2 in the time range of 2–100 min. adsorption 

capacity of Sunset Yellow dye increased with 

increasing time using manganese oxide nanoparticles; 

for example, increased from 24 mg/g at 5 minutes to 

49 mg/g at 60 minutes, as showed in Figure 3(b). until 

equilibrium occurred [23].  

The results showed that the dye removal efficiency 

(%R) increased as the dose of manganese oxide 

nanoparticles were raised, reaching up to 98.32% for 

higher doses (0.05 g/L and above). This indicates that 

manganese oxide nanoparticles were highly effective 

in removing Sunset Yellow dye. The concentration of 

dye remaining in the solution (Ce) decreased as the 

dose increased, showing the adsorbent’s strong ability 

to capture the dye. Additionally, the amount of dye 

adsorbed per gram of manganese oxide nanoparticles 

(qe) also increased with higher doses, confirming the 

effectiveness of manganese oxide nanoparticles in dye 

removal as showed in Figure 3(c). These findings 

highlight the potential of manganese oxide 

nanoparticles as an efficient material for treating 

wastewater contaminated with synthetic dyes.  

The results indicated that the highest adsorption 

efficiency of 98.33% and an adsorption capacity of 

49.17 mg/g were observed at an initial dye 

concentration of 100 ppm. With the increase in the 

initial dye concentration, the adsorption capacity 

continued to rise, reaching 71.45 mg/g and 93.54 mg/g 

at concentrations of 150 and 200 ppm, respectively, 

while maintaining high removal efficiencies of 

95.26% and 93.54% for these concentrations. 

Importantly, the study demonstrated a remarkable 

effectiveness of manganese oxide nanoparticles in 

removing the dye even at a high concentration of 250 

ppm, where a removal efficiency of 92.53% and a high 

adsorption capacity of 115.65 mg/g were achieved, 

further proving the efficiency of manganese oxide 

nanoparticles in the removal of anionic dyes at 

elevated concentrations as showed in Figure 3(d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3) Effect of pH (a), contact time (b), manganese oxide nanoparticled amount (c) and initial dye concentration 

(d) for the adsorption of (SY) dye on manganese oxide nanoparticle. 
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    3.3. Adsorption isotherm models 
Models of adsorption isotherm were employed to 

investigate the (SY) (adsorbate) molecules adsorbed at 

the manganese oxide nanoparticles surface (adsorbent) 

when the concentration of the adsorbate reached 

equilibrium, and to describe the adsorption capacity of 

the adsorbent. To examine the isotherm behavior of 

Sunset Yellow dye adsorption onto the manganese 

oxide nanoparticles, the theories of Langmuir, 

Freundlich, and Temkin were applied [25, 26]. The 

high coefficients of determination (R2) value indicate 

the best fitting model. The linear forms of Langmuir, 

Freundlich, and Temkin isotherms are illustrated in 

Figures 4(a-c), and the three models are represented by 

Equations (4-6) as follows: 
𝐖𝐞

𝐐𝐞

=
𝟏

𝐊𝐋 𝐐𝐦

+
𝐖𝐞

𝐐𝐦

                              (𝟒) 

𝐥𝐧𝐐𝐞 = 𝐥𝐧𝐊𝐅 +
𝟏

𝐏
𝐥𝐧𝐖𝐞                   (𝟓) 

𝐐𝐞 = 𝐆𝐥𝐧𝐊𝐓 + 𝐆𝐥𝐧𝐖𝐞                             (𝟔) 

Where Ce  represents the equilibrium concentration of 

Sunset Yellow dye in solution, Qe is the equilibrium 

adsorption capacity of Sunset Yellow dye using 

manganese oxide as the adsorbent, KL is the Langmuir 

parameter related to the affinity of binding sites, KF is 

the Freundlich constant indicative of adsorption 

capacity, (1/P) is the Freundlich exponent related to 

the surface heterogeneity, Qm is the maximum 

monolayer adsorption capacity. In the Temkin model, 

KT is the equilibrium constant for maximum binding, 

while X reflects the heat of adsorption, and the 

constant G equals RT/X.. Applying the established 

isotherm theories of Langmuir, Freundlich, and 

Temkin to the adsorption of (SY) dye using the 

synthesized manganese oxide nanoparticles, the 

experimental data, as detailed in Table (1), indicated 

that the Langmuir model exhibited a superior fit 

(R2≈0.9963) when compared to the Freundlich model 

(R2≈0.8838) and the Temkin model (R2≈0.9442). The 

maximum monolayer adsorption capacity qm(cal) as 

determined from the Langmuir model and the 

experimental adsorption capacity qm(exp) were 

128.205 mg/g and 117.941 mg/g respectively. This 

strong correlation with the Langmuir model suggests 

the formation of a monolayer of Sunset Yellow dye on 

the homogeneous surface of the manganese oxide 

nanoparticles, indicating a finite number of identical 

adsorption sites.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (4) Langmuir (a), Freundlich (b) and Temkin (c) models for the adsorption of (SY) dye on manganese oxide 

nanoparticle. 
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Table (1) Langmuir, Freundlich, and Temkin isothermal constants for the adsorption of (SY) dye on manganese 

oxide nanoparticle. 

 

Adsorption isotherm Constants 
Values  

    

Langmuir  KL (L/mg) 0.2557377 

  RL  0.0725-0.01287 

 R2 0.9963 
 qm (cal) (mg/g) 128.205 

   qm (exp) (mg/g) 117.941 

 Freundlich  KF [(L/mg) (L/mg)1/n] 32.954 

  P (L/mg) 2.688 
 R2 0.8838 

 qm (cal) (mg/g) 257.002 

 qm (exp) (mg/g) 117.941 

Temkin  KT (L/mg) 3.687 
 X (J/mol) 101.895 
 G 12.961 

 R2 0.9442 

 

3.4. Adsorption kinetics 

To elucidate the adsorption kinetics of Sunset 

Yellow (SY) dye over manganese oxide nanoparticles, 

pseudo-first-order, pseudo-second-order, and intra-

particle diffusion models were applied, as described 

by Equations (7-9) [25, 27, 28]. The results of which 

are presented in Figure 5(a-c). 

𝐥𝐨𝐠(𝐐𝐞 − 𝐐𝐭) = 𝐥𝐨𝐠𝐐𝐞 −
𝐊𝟏𝐭

𝟐. 𝟑𝟎𝟑
                 (𝟕) 

    
𝐭

𝐐𝐭

=
𝟏

𝐊𝟐𝐐𝐞
𝟐

+
𝐭

𝐐𝐞

                                           (𝟖) 

       𝐐𝐭 = 𝐊𝐈𝐏𝐃𝐭𝟎.𝟓 + 𝐘                                        (𝟗) 

where Qe represents the amount of Sunset Yellow 

(SY) dye adsorbed at equilibrium, and Qt represents 

the amount of Sunset Yellow (SY) dye adsorbed at a 

specific time t (in minutes). k1 is the pseudo-first-order 

rate constant of adsorption, while k2 is the pseudo-

second-order rate constant of adsorption. KIPDstands 

for the intra-particle diffusion rate constant, and C is a 

constant associated with the intra-particle diffusion 

model. As shown in Table (2) and based on the 

magnitude of the coefficient of determination (R2), the 

pseudo-second-order model (R2 = 0.9959) provided 

the best fit for the adsorption of Sunset Yellow (SY) 

dye on the manganese oxide nanoparticles as an 

adsorbent compared to the pseudo-first-order model 

(R2 = 0.989). 

 

Table (2) Adsorption kinetic parameters of the removal of sunset yellow (SY) dye on manganese oxide nanoparticles. 

Model 

 

Parameters Values  

 

Pseudo first order 

K1(min-1) 

 

 

0.0850 
R2 

 

0.989 

qm (cal) (mg/g) 32.998 

 qm (exp) (mg/g) 48.966 

Pseudo second order 

K2(g/mg.min) 0.0047 

R2 

 

0.9959 

 qm (cal) (mg/g) 51.662 

qm (exp) (mg/g) 48.966 

Intra-particle diffusion 

(I)  Ki (mg/g min0.5) 10.487 

C (mg/g) 0.841 

R2 0.9762 

 (II) Ki (mg/g min0.5) 0.5339 

C (mg/g) 

 

44.157 

 R2 0.7557 
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Fig (5) Pseudo-first-order (a), pseudo-second-order (b), intra-particle diffusion (c) for adsorption of (SY) dye on 

manganese oxide nanoparticles.
 

Conclusion  

Manganese oxide nanoparticles were synthesized 

via the auto-combustion method using urea as a fuel. 

This synthesized material was utilized as an adsorbent 

for removing the anionic dye Sunset Yellow (SY) 

from aqueous solutions. The obtained manganese 

oxide nanoparticles were characterized using (FTIR) 

and (XRD) tools. The crystalline size determined from 

(XRD) was found to be 38 nm. The adsorption 

capacity for the removal of Sunset Yellow dye over 

the synthesized manganese oxide nanoparticles were 

determined to be ≈ 118 mg/g. The equilibrium 

adsorption behavior was effectively described by the 

Langmuir model. Kinetic studies revealed that the 

adsorption process followed the pseudo-second-order 

kinetic model. 

Acknowledgements 

 The authors gratefully acknowledge the 

Chemistry Department, Faculty of Science, Benha 

University, Egypt, for their significant support 

throughout the completion of this research endeavor. 

References 

[1] S. El-Sayed, S. Shama, A. Amin, A. Ali, 

Hydrothermal modification of ceramic waste: 

Characterization, optical properties and low-cost 

adsorbent agent for removal organic dyes, 

BJAS, (2023)127-133. 

[2] K. Maheshwari, M. Agrawal, A. Gupta, Dye 

pollution in water and wastewater, in: Novel 

materials for dye-containing wastewater 

treatment, Springer, (2021) 1-25. 

[3] A. Rafiq, M. Ikram, S. Ali, F. Niaz, M. Khan, Q. 

Khan, M. Maqbool, Photocatalytic degradation 

of dyes using semiconductor photocatalysts to 

clean industrial water pollution, J. Ind. Eng. 

Chem., (2021) 1-18. 

[4] L. Jia, Q. Zhou, Y. Li, W. Wu, Application of 

manganese oxides in wastewater treatment: 

Biogeochemical Mn cycling driven by bacteria, 

Chemosphere, (2023) 1-12. 

[5] T. Mounika, K. Meenu, S. Belagali, C. 

Dharmashekar, K. Vadiraj, C. Shivamallu, S. 

Kollur, Ferric oxide quantum dots (FOQDs) for 

photovoltaic and biological applications: 

Synthesis and characterization, Inorg. Chem. 

Commun., (2022)1-6. 

[6] L. Ji, X. Zhang, Evaluation of Si/carbon 

composite nanofiber-based insertion anodes for 

new-generation rechargeable lithium-ion 

batteries, Energy Environ. Sci., (2010) 124-129. 

[7] L. Qie, W. Chen, Z. Wang, Q. Shao, X. Li, L. 

Yuan, X. Hu, W. Zhang, Y. Huang, Nitrogen-

doped porous carbon nanofiber webs as anodes 

for lithium ion batteries with a superhigh 



Mai Mahmoud Gneidy, Ibrahim El-Sayed Ahmed, Ayman Awad Ali and Alaa El-Sayed Amin                              135 

 

Benha Journal of Applied Sciences, Vol. (10) Issue (2) (2025( 

capacity and rate capability, Adv. Mater., (2012) 

2047-2050.  

[8] J. Liu, L. Fan, X. Qu, Low temperature 

hydrothermal synthesis of nano-sized 

manganese oxide for supercapacitors. 

Electrochim. Acta, (2012) 302-305.  

[9] H. Wang, J. Deng, Y. Chen, F. Xu, Z. Wei, Y. 

Wang, Hydrothermal synthesis of manganese 

oxide encapsulated multiporous carbon 

nanofibers for supercapacitors. Nano Res., 

(2016) 2672-2680. 

[10] N. Malima, Solventless synthesis of bixbyite 

(Mn2O3) and hausmannite (Mn3O4) 

nanoparticles for ammonia nitrogen removal, 

Mater. Today Commun., (2024) 1-12. 

[11] N. Deraz., O. Abd-Elkader., M. Selim., O. El-

Shafey., A. El-Asmy., Preparation of nano-

crystalline ZnMn2O4 system by sol-gel route, 

Asian J. Chem., (2014) 2125-2128. 

[12] R. Najjar, R. Awad, A. Abdel-Gaber, Physical 

properties of Mn2O3 nanoparticles synthesized 

by Co-precipitation method at different pH 

values, J. Supercond. Nov. Magn., (2019) 885-

892. 

[13] X. Sun, J. Sun, Q. Wang, S. Sun., B. Sun, 

Preparation of layered manganese dioxide 

nanoparticles by microwave discharge in liquid: 

a simple, rapid and direct synthetic method. J. 

Phys. D: Appl. Phys., (2023). 

[14] B. Deng, H. Huang, Hydrothermal synthesis and 

characterisation of Mn2O3 nanowires, Adv. 

Mater. Res., (2014)1040-1043. 

[15] P. Kommu, G. Singh, C. Chakra, S. Jana, 

Preparation of ZnMn2O4 and ZnMn2O4/graphene 

nano composites by combustion synthesis for 

their electrochemical properties, Mater. Sci. 

Eng., B, (2020)1-8. 

[16] A. Ali, I. Ahmed, A. Amin, M. Gneidy, Auto-

combustion fabrication and optical properties of zinc 

oxide nanoparticles for degradation of reactive red 

195 and methyl orange dyes, J. Inorg. Organomet. 

Polym. Mater., (2021) 3780-3792. 

[17] A. Ali, I. Ahmed, A. Amin, Preparation, 

characterization and optical properties of copper 

oxide nanoparticles via auto-combustion 

method,  J. Bas. Environ.Sci. , (2020) 93-98. 

[18] A. Mohamed, L. Abdelhafez, S. Shama, A. Ali, 

Fabrication, study, and optical properties of zinc 

ferrite using combustion method and glycine, 

BJAS, (2022) 143-148. 

[19] A. Razzak, A. Al-Gebori, M. Haider, Preparation 

of nanocompounds materials by combustion 

method using urea as fuel, Prog. Ind. Ecol., 

(2020) 19-29. 

[20] A. Berenjian, L. Maleknia, G. Fard, A. 

Almasian, Mesoporous carboxylated Mn2O3 

nanofibers: Synthesis, characterization and dye 

removal property, J.Taiwan Inst.Chem.Eng., 

(2018) 1-16. 

[21] G. Qi, C. Hai, Y. Shen, J. Zeng, X. Li, X. Ren, Y. 

Sun, S. Dong, Y. Zhou, Synthesis of mono-

dispersed mesoporous Mn2O3 powders with 

micro-nanostructure for removing Congo red dye 

from aqueous solution. Adv. Powder Technol., 

(2019) 930-939. 

[22] Q. He,  X. Liao, G. Li, Y. He, J. Shen, Synthesis 

of cubic Mn2O3 and its catalytic performance in 

activating peroxymonosulfate for degradation of 

MB, Chem. Phys., (2023) 1-9. 

[23] O. Chukwuemeka, F. Ekuma, K. Akpomie, J. 

Nnaji, A. Okereafor, Adsorption of tartrazine 

and sunset yellow anionic dyes onto activated 

carbon derived from cassava sievate biomass, 

Appl. Water Sci., (2021)1-8. 

[24] S. Mousavi, M. Yaghoobi, F.  Asjadi, Highly 

efficient adsorption of congo red and methyl 

orange dyes using   mesoporous α-Mn2O3 

nanoparticles synthesized with Pyracantha 

angustofolia fruit extract, Sci. Rep., (2024)1-20. 

[25] P. Jamshidi, F. Shemirani, Adsorption and 

desorption of Pb2+ on magnetic Mn2O3 as highly 

efficient adsorbent: isotherm, kinetic and 

thermodynamic studies, Colloids Surf.  A, 

(2019) 1-39. 

[26] R. Fahmy, S. Shama, A. El-Sharkawy, A. Ali, 

Auto-combustion synthesis and characterization 

of zirconium oxide nanoparticles for removal of 

crystal violet dye from aqueous solution, BJAS, 

(2022) 269-279. 

[27] A. Ali, S. El-Sayed, S. Shama, T. Mohamed, A. 

Amin, Fabrication and characterization of 

cerium oxide nanoparticles for the removal of 

naphthol green B dye, Desalin. Water Treat., 

(2020) 124-135. 

[28] A. Ali, S. Shama, A. Amin, S. EL-Sayed, 

Synthesis and characterization of ZrO2/CeO2 

nanocomposites for efficient removal of Acid 

Green 1 dye from aqueous solution, Mater. Sci. 

Eng., B, (2021) 1-15. 

 

https://scholar.google.com/citations?user=IAws8ZMAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=IrotSYgAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=1j5ujY4AAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=Zridk8UAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=Zridk8UAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=4hlB29IAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=SXZjTroAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=8zeP0S8AAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=f_Gwj7QAAAAJ&hl=ar&oi=sra

