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Abstract 

Spinel Ni-Co ferrite nanoparticles were prepared by simple combustion method and 

investigated through XRD, SEM, TEM and SAED analyses. Powder XRD and SAED data 

indicated the presence of nanocrystalline cubic spinel with single phase. The lattice parameters 

of the samples gradually increased with increasing Ni concentration and follow Vegard’s law. 

The crystallite size (D) and X-ray density of Ni-Co ferrite samples decreased with increasing Ni 

concentration. The spherical shape morphology of spinel Ni-Co ferrite particles and grain size 

(22.42, 21.32 and 20.62 nm for x = 0.0, 0.3 and 0. 5, respectively) was established by TEM. 

VSM analysis showed the typical magnetic properties of Ni-Co ferrite. The shape of the 

magnetic hysteresis (M-H) loops revealed the dependence of superparamagnetic behavior at 

room temperature (RT).  

Keywords: Spinel Ni-Co ferrite; Sol-gel combustion; Nanoparticles; paramagnetic behavior. 

1. Introduction 

In general, high remanent magnetization (Mr) and high coercivity (Hc) indicates hard 

ferrites, which are often used to make permanent magnets, whereas soft ferrites with slim 

hysteresis loop, ensuing in almost zero Mr and very low Hc, are used for magnetic shielding, 

sensors, transformers, magnetic recording, photomagnetic and microwave devices [1-5]. 
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Recently, nano sized iron based magnetic ferrite nanocatalyst with the general formula AB2O4 

have been showing extra ordinary properties, due to their, high coercivity, moderate 

magnetization and single domain, which have various applications in technological, biological 

and industrial fields [6-10]. The enhancement of Ms can be limited by structural changes in 

related to the instantaneous localization of Co ions in the A- and B- sites of the spinel Ni-

Costructure in relation with the synthesis method, sintering temperature, processing conditions, 

morphology and grain size [11].  

Among them, CoFe2O4 has a inverse spinel structure (Co ions occupy A- sites and half of 

Fe
3+

 ions occupy A- and B- sites, respectively) and the replacement of higher-magnetic Co ions 

by the Ni ions ions enhanced the magnetization in the Ni-Co system. Generally, spinel Ni-Co 

samples are soft magnetic nano- ferrites with excellent catalytic activity, chemical stability and 

high electrical resistivity [11-14]. The type of starting precursors, substitution of cations and 

their distribution among both interstitial sites (A- and B- sites) in spinel system can be attuned, 

ensuing in diverse magnetic properties. In the last few years, spinel ferrite nanoparticles have 

been prepared using various methods, such as sol-gel, co-precipitation, ball-milling, 

microemulsions, polyol, hydrothermal-solvothermal, and microwave composition methods, etc. 

[15-18]. In spinel ferrites, the magnetic properties are affected by the presence of disordered 

spins and the cations distribution in the A- and B- sites on spinel surfaces. It is well known that 

the synthesis route influence the physico-chemical, optical, electrical, magnetic and catalytic 

properties of ferrites. The magnetic nature of nanoparticles has strong inclination to aggregate 

resulting in a different magnetic comportment comparing to non-magnetic metal oxide 

nanoparticles [19]. In this present work, we have investigated the effect of synthesis method and 

Ni concentration on the structural, morphological and magnetic behavior of Ni-Co (x = 0.0, 0.3 

and 0.5) NPs.  

2. Experimental part 

Ni-Co ferrite (x = 0.0, 0.3 and 0.5) NPs were prepared by a modified sol-gel route by 

mixing ferric nitrate (Fe(NO3)3∙9H2O), nickel nitrate (Ni(NO3)3.6H2O) and cobalt nitrate 

(Co(NO3)2∙6H2O) with urea (N2H4CO), under continuous stirring, for 30 min. All chemicals by 

this synthesis route were used without additional purification. In this study, urea was used as the 

fuel and reducing agent. The precursors and the dopant were together dissolved in a minimum 
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amount of urea solution and stirred for 10 minutes on a magnetic stirrer at room temperature 

(RT) until a homogenous mixture was obtained. The mixture was then heated in an electric oven 

for about 1 hour at 70
°
C until a dry gel was formed. The gel so formed was annealed in air 

furnace at 500
°
 C for 3 hours, due to get the final products. The synthesis procedure was repeated 

by taking different proportions of cobalt and nickel for doped samples.  

3. Results and discussion 

Powder XRD patterns shows the evolution of spinel phase with the increase of Ni 

concentration in Ni-Co (x = 0.0, 0.3 and 0.5) system (Fig. 1). The crystallization degree 

decreases with increasing Ni concentration; which indicated the lower intense and sharp 

diffraction lines are remarked. No extra reflections are observed, indicating the synthesis of pure, 

well-crystallized spinel ferrite. In all samples, the most intense lines are attributed single phase, 

with Miller indices (111), (220), (311), (222), (400), (422), (511), (440) crystallizing in cubic 

spinel structure with space group Fd-3m [20,21]. For x = 0.0, 0.3 and 0.5, spinel CoFe2O4 

(JCPDS card 16-6202) main phase were observed. 

 The D value decrease from 26.45 nm to 22.65 nm at x = 0.0 to 0.5, also suggested by the 

highly crystallized ferrite from XRD pattern. The increase of Ni concentration reduces the 

intensity of diffraction peaks comparing to CoFe2O4 [22].  
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Figure 1. Powder XRD patterns of spinel Ni-Co ferrite (x = 0.0, 0.3 and 0.5) NPs. 

The lattice constant of Ni-Co system shows a decreasing trend with increasing Ni 

concentration, from 8.304 Å (x = 0.0) to 8.295 Å (x = 0.5), and could be attributed to the 

substitution of larger ionic radius Co ions (0.72 Å) by smaller ionic radius Ni ions (0.69 Å) [23]. 

By the substitution of Co ions with Ni ions in the Ni-Cosystem, Ni ions starts to occupy the A- 

sites and Fe
3+

 migrates from A to B- sites, displacing Co ions. By increasing the number of Fe
3+

 

in B- sites, the system changes from inverse spinel to normal spinel structure. This process 

produces a slight shift of peaks in the XRD patterns [24].  

The FT-IR spectra of spinel Ni-CoNPs are shown in Figure 2. The band at 520-850 cm
-1

 

corresponds to the intrinsic lattice vibration of O–M–O bond in the spinel system [25]. The FT-

IR absorption bands at 1620-1655 cm-1 corresponding to bending vibration of H–O–H bond. 

Band at 3420-3250 cm
-1

 corresponds to the vibration of water molecule in the spinel system [26].  

 

 

 

 

 

 

 

 

 

 

Figure 2. FT-IR spectra of spinel Ni-Co ferrite (x = 0.0, 0.3 and 0.5) NPs. 

The surface morphology and shape of Ni-Co ferrite NPs were investigated by SEM 

analysis (Figure 3). SEM images clearly showed the spherical shaped particles like morphology 

with less than 40 nm in the grain size. Also, observed the agglomeration of the nanoparticles, due 

to the magnetic interaction of the particles.  
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Figure 3. SEM images of spinel Ni0.5Co0.5Fe2O4 NPs. 

Crystal structure and size of Ni-Co ferrite NPs was confirmed by TEM images (Figure 4). 

The particles size decreasing with the increase of Ni-content, which is similar to the crystallite 

sizes confirmed by XRD analysis. Also, the nanoparticles appear as agglomerated spherical 

particles. The spherical shapes of particles may be the result of the synthesis method and surface 

properties, while the agglomeration may be due to the interfacial surface tension phenomenon.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. TEM images of spinel Ni0.5Co0.5Fe2O4 NPs. 

 

The saturation magnetization (MS), remanent magnetization (MR) and coercivity (Hc) 

are the most significant limitations for a magnetic spinel material, typically, extracted from the 
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magnetic hysteresis (M-H) loops (Figure 5). Ni-doped CoFe2O4 NPs (x = 0.5) exhibit a typical 

M-H loop indicating a superparamagnetic behavior, while the M-H loops of CoFe2O4 (x = 0.0) 

and low Ni concentration suggest ferromagnetic behaviors. The sharp peaks suggest higher 

magnetic purity. The broad peaks, suggest wide distributions of particle sizes and consequently 

an increased distribution of coercivities (Hc). The increase of Ni ions content makes Fe
3+

 to have 

less magnetic neighboring ions and the uncoupled rotation of these ions leads to the decrease of 

MS [27]. The gradually decrease of Ms and MR with increasing Ni concentration, can be 

explained by the increase of the surface spin canting effect due to increase of Ni concentration. 

At low Ni ions content, all the Co ions occupy the B-sites, while the Fe
3+

 ions are equally 

distributed in both A and B sites of the spinel structure [28-31]. By increasing the Ni ions 

content, it will occupy the B sites forcing a partial migration of Co ions ions to A and of Fe
3+

 

ions to B sites, which enhance the magnetic properties of the spinel system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. VSM results of spinel Ni-Co ferrite (x = 0.0, 0.3 and 0.5) NPs. 

4. Conclusions 

Structural, morphology, size, and magnetism of Ni-Co ferrite NPs were investigated. The 

lattice constant showed decreasing trend with increasing Ni concentration which was attributed 

to the larger ionic radius of Co ions compared to Ni ions. By increasing the Ni concentration, the 
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XRD patterns showed pure phase of Ni-Co ferrite NPs. FT-IR spectroscopy confirmed the 

formation of metal-oxidic phases. SEM and TEM images showed spherical highly agglomerated 

particles decreasing of grain size with increasing of Ni-content. The magnetic properties are 

strongly affected by the sample composition and cation distribution within the spinel structure. 

Ni-doped CoFe2O4 NPs (x = 0.5) exhibit a typical M-H loop indicating a superparamagnetic 

behavior, while the M-H loops of CoFe2O4 (x = 0.0) and low Ni concentration (x = 0.3) suggest 

ferromagnetic behaviors. 
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