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ABSTRACT 

This present work initiated with the notion and understanding of current agro-

pastoral challenges in Ethiopia, which have been made possible by reviewing a  

number of contemporary research articles, reviews and international technical 

and statistical reports after successful completion of projects in Ethiopia recently. 

We found that water and hygiene are most dominated challenges affecting the 

quality of life and survival in the country. Due to drought and scarcity of water, 

the available water needs to be treated for the healthy potable and non-potable 

water. Together, we also found that due to environmental climate exchange and 

poor sustainability the hygiene needs to be taken care. This mentioned challenges 

could be treated and remediated by using nickel doped manganese ferrite 

(NixMn1-xFe2O4) mixed spinel superparamagnetic nanoparticles synthesized by a 

hydrothermal method. After synthesis, the nanoparticles were analyzed by a 

quantitative study of the data obtained from high-resolution x-ray diffraction, 

field emission scanning electron microscopy, ultraviolet-visible spectroscopy 

and vibrating sample magnetometer. Interesting and useful trends in properties 

have been found about the structural, photocatalytic and magnetic behaviors.  

Later their biological properties also have been studied which implies its 

usefulness in different hygienic purposes. NixMn1-xFe2O4 is showing far superior 

activity experimentally than other nanoferrites. Small bandgap and magnetic 

separability makes nanoferrites ideal candidates for water treatment and 

remediation. The different structures, protocols, and characterization parameters 

are analyzed and compared to extract discernible patterns. Some important 

suggestions are also reported for improving the efficiency and future scope of 

work in this direction. 
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INTRODUCTION 

In the last decade, a large number of research have been reported on nano magnetic 

materials due to their extraordinary electrical, optical, mechanical, thermal and 

magnetic properties (Standley,1972), (Chen & He,2001), (Karcıoğlu 

Karakaş, Boncukcuoğlu, Karakaş, & Ertuğrul, 2015),( Epelak, 2004),( Norouzbeigi & 

Majdabadi Farahani,2015). Various properties of ferrite magnetic nanoparticles have 

been studied for diverse applications. In particular, spinel ferrite magnetic 

nanoparticles are of great interest due to their applications in key emerging areas (Sun 

et al., 2017), (Nejati & Zabihi, 2012), (Melo, Silva,Moura,De Menezes & 

Sinfrônio,2015). Spinel ferrites have the general molecular formula, AB2O4 (where A 

and B are divalent and trivalent transition metal cations, respectively) (Baykal, 

Kasapoğlu, Köseoğlu, Toprak & Bayrakdar, 2008). Among the spinel ferrites, 

superparamagnetic nickel doped manganese ferrite belongs to the face centered cubic 

inverse spinel structure, in which two different types of cationic sites are present that 

is tetrahedral (A) site and octahedral (B) sites as shown in Fig. 1 (Cholan, Shanmugam, 

Kannadasan, Sathishkumar,& Deivam,2014). Synthesis technique plays key role in 

controlling the properties of MNPs (Magnetic nano particles) for a particular 

application. In recent years, several methods have been carried out for the preparation 

of nanoparticles. Some of the common methods are auto-combustion, co-precipitation, 

sol-gel and hydrothermal methods (Saravanakumar, Rani,Ravi, Thambidurai & 

Yuvakkumar, 2017). Among these, the hydrothermal method is significant for the 

reproducible preparation of well-dispersed and uniform sized particles in a smaller time 

period with high reaction pressure and temperature leading to complete phase changes 

(Vadivel, Babu, Arivanandhan, Ramamurthy& Hayakawa, 2015). It is also possible to 

control the properties of MNPs with desired sizes and shapes of the Nano particles by 

this method by controlling the various key parameters. Nucleation and growth rates are 

important factors in controlling the size, dispersion and morphology of the particles 

and these are strongly affected by the precipitation conditions (Benedetti, 

Fagherazzi, Enzo & Battagliarin, 1988). Since various reports have been found for both 

the end results NixMn1-xFe2O4 ranges (x=0 and 1), therefore we have adopted (x=0.5) 

as our standard stoichiometry to study and satisfy the application. Surfactant also plays 

a significant role to control the size and shape of the nanoparticles due to its influence 

of the reaction kinetics. Further, magnetic nanoparticles starts agglomerating due to 

their inter particle magnetic interaction and large nanoparticles surface reactivity. In 

order to prevent agglomeration and reaction with the atmospheric oxygen and also to 

stabilize the MNPs in suspension, the magnetic nanoparticles are generally coated with 

surfactant, also called as capping agent playing dual role of limiting grain growth and 

preventing agglomeration and promoting suspension (Langford, Louër  & 

Scardi,2000). Hydrothermal synthesis is a robust method for the synthesis of 

nanostructures because it reduces the steps involved in the synthesis process. It also 

provide minimum human interaction during synthesis and significantly reduce the 

duration of synthesis. Further this material has been employed to the photo catalysis to 
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resolve the issue of remediation of wastewater produced in Ethiopia due to several 

reasons, the same material also have been proposed for the biomedical and hygiene 

applications with justified facts. All studies were considered in view of the 

environmental challenges in Ethiopia. 

2.  EXPERIMENTAL SECTION  

2.1  Materials and Methods  

Iron (III) chloride (FeCl3, anhydrous, Merck, AR Grade 99.99%), Nickel (II) chloride 

hexahydrate (NiCl2.6H2O, AR Grade, Merck, 99.99%), Manganese (II) chloride 

tetrahydrate (MnCl2.4H2O, AR Grade, Merck, 99.99%) glycerol (C3H8O3) (AR grade, 

Fischer Scientific, 98.99%) and sodium hydroxide (NaOH, Merck, 99%) were used as 

the starting materials. Glycerol and NaOH were used as surfactant and precipitation 

agents, respectively. Double distilled de-ionized water was used as solvent for various 

concentrations of glycerol aided NixMn1-xFe2O4 nanoparticles synthesis. All chemicals 

were used as received without further purification. 

2.2  Hydrothermal Synthesis of NIXMN1-XFE2O4 (X=0.5) 

Hydrothermal method have been adopted for the preparation of superparamagnetic 

NixMn1-xFe2O4 nanoparticles. For the preparation 0.4 M iron (III) anhydrous, (x) M 

nickel (II) chloride hexahydrate, (1-x) M Manganese (II) chloride tetrahydrate and 

glycerol were dissolved separately in 25 ml of double distilled de-ionized water at room 

temperature. Subsequently, NaOH solution (12 M) was prepared as a precipitating 

agent. The purpose to use the glycerol during the reaction was to control particle growth 

and avoid the formation of agglomeration in solution. The five starting solutions of 

nickel chloride hexahydrated, manganese chloride tetrahydrated, iron chloride 

anhydrous, glycerol and sodium hydroxide were first stirred for 30 minutes and then 

poured into a teflon lined container and then container was closed and sealed in a steel 

autoclave. The autoclave was placed in an oven (Model number: GGT-301/OVN-6, 

Zexter Lab Solutions). The temperature was maintained at 180 o C for up to 14-16 

hours. After the hydrothermal treatment, the precipitate was taken out from the 

autoclave and transferred into a beaker. Then the precipitate was washed by ethanol 

several times until the pH was observed 7. Thereafter the precipitate was dried in oven 

at 70 o C for 5-10 hours. After that, the sample was taken out as final product, crushed 

using mortar and pestle, and then proceed further for the various characterizations. 

2.3 Characterization 

X-ray powder diffraction studies have been carried out using an X- ray diffractometer 

(Ultima IV by Rigaku) equipped with Cu-Kα radiation (λ = 1.5406 Å). ) in the scan 

range of 10 - 90o with a scan speed of 0.005o per minute. Morphological and elemental 

mapping have been performed using a field emission scanning electron microscope, 

(FE-SEM, Gemini, Zeiss), UV-visible (UV-VIS) (Model-3660, Rigol Scientific, INC) 

respectively. Magnetic properties were studied at different temperatures using a 

vibrating sample magnetometer (VSM, EZ9 Microsense Inc. USA), in the range of -20 

to 20 kOe for M vs. H study. 
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3. RESULTS AND DISCUSSION 

3.1 X-RAY Diffraction Analysis 

X-ray diffraction (XRD) pattern of the superparamagnetic nanoparticles is shown in 

Fig. 1. The XRD peaks of the nanoparticles perfectly matched with JCPDS data (card 

no.: 00-087-2338). Further, the presence of (hkl) planes (111) (220), (311), (222), 

(400), (422), (511), (440), (533), (444), (551) and (553) at different 2 values of 18.25, 

30.09, 35.38, 37.04, 43.05, 53.39, 56.86, 62.47, 70.84, 73.99, 78.95 and 86.64o 

respectively observed and indexed which confirmed the formation of single phase 

cubic inverse spinel nickel doped manganese ferrite with space group: mFd


3 . The 

strong peaks exhibits the high crystallinity of the nanoparticles. The average crystallite 

size (D) was calculated using Scherrer’s formula (Patterson, 1939): 

   D = kλ/(β cosθ)          --- (Eqn. 1) 

Where the constant k depends upon the structure of the crystallite (for present case, k 

= 0.94), λ is the wavelength of X-rays used (Cu-Kα= 1.5406 Å), β is the full width at 

half maximum of diffraction peak and θ is the angle of diffraction [16]. The calculated 

average crystallite size from the above formula is 32 nm. The lattice constant a was 

calculated using the relation,                                                                                                                                      

                                  222 lkhda                                                   -- (Eqn. 2) 

 
Fig. 1.  X-ray diffraction profile of the nanoparticles 

Where d is the inter planar distance and (hkl) are the Miller indices. The lattice constant 

and unit cell volume of NixMn1-xFe2O4 nanoparticles is 8.4089 Å and 594.60 Å3. 

Hopping length for tetrahedral site (LA) and octahedral site (LB) was calculated using 

the following relation, LA = a√3/4 and LB = a√2/4. From the relation, it is well 

established that the hopping length of LA and LB varies directly with lattice constant 

(Langford & Wilson, 1978). The calculated hopping lengths LA and LB are 0.34 and 

0.28 respectively. The x-ray density have been calculated using following equation 

(Wolfson & Wolfson, 1997): 
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8

Na

MW
XRD                              --- (Eqn. 3) 

Where, XRD is the x-ray density, MW is the molecular weight of NixMn1-xFe2O4, N is 

the Avagadro's number and a is the lattice parameter. The x-ray density of the sample 

is 5.234 g/cc. Rietveld refinement of the powder diffraction data implies the formation 

of single phase material with the expected cationic distribution. The refinement was 

justified with 2 as 1.234. 

3.2 Field Emission Scanning Electron Microscopy (FESEM) 

The morphology of the MNPs has been studied by FE-SEM. The FE-SEM image 

(Fig.2) shows spherical and uniform morphology of the synthesized Ni-doped 

manganese ferrite samples. It is also depicts in the image that the particle are not 

agglomerated throughout the sample.  

 
Fig. 2. FE-SEM image of nanocrystalline Ni-doped MnFe2O4 particles  

3.3 Vibrating Sample Magnetometer (VSM) Analysis 

The magnetic properties have been examined by Vibrating Sample Magnetometer 

(VSM). Magnetic moment (M) vs. applied field (H) have been studied for the glycerol 

assisted nickel doped manganese ferrite MNP sample.  The magnetic parameters such 

as saturation magnetization (Ms), coercivity (Hc) and retentivity (Mr) are extracted from 

the magnetization curve, which reveals higher magnetization at room temperature 

under an external applied field.  

 
Fig. 3. M-H plot of glycerol assisted nanocrystalline Ni-doped manganese ferrite 
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The magnetic properties of the Ni0.5Mn0.5Fe2O4 with an inverse spinel structure can be 

explained in terms of the cations distribution and magnetization originates from Fe3+ 

ions at both tetrahedral and octahedral sites and Mn2+ & Ni2+ ions in octahedral sites. 

It shows negligible hysteresis loop area suggesting super paramagnetic nature. 

Hysteresis loop in Fig. 3 is typical for soft magnetic materials with the negligible 

coercivity, depicts the Superparamagnetic behavior. The remanence was observed from 

the M vs. H curve as 8.4 emu/g. The saturation magnetization (Ms) and the coercivity 

(Hc) values of the sample is 53 emu/g and 0.16 kOe respectively. The higher saturation 

magnetization was most likely attributed to the obtained due to higher crystallinity and 

particle size of the samples. In the case of nickel ferrite, configuration of Ni2+ and Fe3+ 

ions in both octahedral and tetrahedral sites tends to increase the net magnetization per 

formula unit. 

3.4 Photocatalytic Activity of NI0.5MN0.5FE2O4 

  The synthesized sample was further characterized by ultra-violet visible spectroscopy 

and the absorption spectra was obtained as depicted in Fig.4 (a). After that, the Tauc 

plot was produced for both direct and indirect band gaps. From the UV-VIS spectrum, 

the obtained band gap was 2.20eV. But the tauc analysis implies the direct band gap as 

1.65eV and 2.05eV respectively. These band gaps are remarkably very useful for our 

application, as this band gap is quite suitable for the degradation of impurities in water 

under considerable conditions. It happens because of the redox reaction, which tends 

to oxidation and reduction, causes the effect of photo catalysis under the effect of solar 

radiation.                               

4. CONCLUSION 

Ni-doped manganese ferrite superparamagnetic nanoparticles have been synthesized 

successfully by hydrothermal route. Glycerol served the purpose of capping and 

prevention from the agglomeration adequately. X-ray diffraction analysis and Rietveld 

refinement confirmed the formation of single phase cubic inverse spinel structure of 

the prepared nanostructure. The average crystallite size obtained from the Scherrer 

calculation was 32nm. FESEM analysis has shown the homogenous distribution of 

spherical nanoparticles. It also depicted that glycerol has coated the nuclei uniformly. 

VSM studies exhibits the superparamagnetic phase at room temperature under applied 

external field. The above studies shows that glycerol is an effective surfactant with 

economical, environment friendly and non-toxic in nature. The above material have 

been found one of the best suited to resolve the water remediation caused due to agro 

pastoral issues, and mitigate the challenges for agriculture and better livelihood 

sustainability. 

From the literature, it has been correlated that this adequate band gap is best suited for 

photo catalysis, which prevails the degradation of impurities. The role of 

superparamagnetic nanoparticles are also quite suitable to biomedical and hygiene 

applications. The agro-pastoral challenges, which produces coherent issues, can be 

treated with more economical and effective methods as mentioned above. 
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Fig. 4. (a) UV-Spectrum, (b) direct band gap (c) and indirect band gap of 

superparamagnetic nickel doped manganese ferrite nanoparticles  
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