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Abstract: Zinc ferrite (ZnFe2O4) nanoparticles have been synthesized by co-precipitation method with 

citrate as chelating agent. The as-prepared sample was characterized by thermo gravimetric and 

differential thermal analysis. The synthesized materials were annealed at different temperatures, such as 

400 °C, 600 °C and 800 °C and the product was characterized by using XRD, FTIR and VSM. ZnFe2O4 

nanoparticles annealed at 600 °C were phase pure, which is further characterized by FESEM with EDAX 

and FETEM with SAED pattern. XRD results reveals the formation of single phase nano sized zinc 

ferrite, also the particle size and the X-ray density of the annealed ZnFe2O4 nanoparticles linearly 

increased with increase in temperature and decrease in lattice parameters were noticed. FTIR study 

confirms the presence of zinc ferrite nanoparticles. The surface morphology of ZnFe2O4 observed by 

FESEM, which showed that the ZnFe2O4 nanoparticles annealed at 600 °C possess spherical structure, 

which was well supported by FETEM results. The composition of elements Fe, Zn and O in the ZnFe2O4 

nanoparticles were identified by using EDAX spectra. A VSM result of the ZnFe2O4 nanoparticles reveals 

the decrease of magnetization by increasing the annealing temperature. 
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1. INTRODUCTION  

  Ferrites are the most extensively superior magnetic materials than pure metals due to their 

reasonable cost, high resistivity remarkable magnetic properties, easiness of preparation and better 

mechanical strength. Zinc ferrite (ZnFe2O4) nanoparticles have attracted in recent days due to their high 

magnetic permeability, non-toxicity, low eddy current loss, excellent phase stability, high electronic 

conductivity and their low cost [1]. Zinc ferrite is a spinel structure where Zn
2+ 

ions are occupied at “A” 

site namely tetrahedral site and Fe
3+

 ions are accommodated at “B” site namely octahedral site [2]. The 

preparation of spinel ZnFe2O4 nanoparticles has been intensively studied in the recent years and the major 

role of the synthesize condition on the morphological and structural features of the ferrites is discussed. 

ZnFe2O4 nanoparticles are used in many fields for example high density magnetic storage, radar absorbent 

materials, hot gas desulphurization, photo catalysis and drug delivery system [3-7]. ZnFe2O4 nanoparticles 

are prepared by numerous methods, such as sol-gel, hydrothermal, electrochemical, wet high energy ball 

milling, thermal treatment, solvothermal and co-precipitation method [8-14]. Among the others, the co-
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precipitation method is the most suitable method for the present work for their high efficiency, low 

reaction temperatures, and environmentally friendliness. In the present work, an attempt has been made to 

synthesize ZnFe2O4 nanoparticles by employing co-precipitation method.  The synthesized sample was 

annealed at three different temperatures namely 400 °C, 600 °C and 800 °C. The structural, 

morphological, thermal and magnetic studies of annealed samples were characterized by using the 

techniques XRD, FTIR, FESEM, FETEM, TG-DTA and VSM. 

 2.  Materials and methods  

   ZnFe2O4 nanoparticles were synthesized by adopting simple co-precipitation method with citrate 

as a chelating agent [15].  For the synthesis of zinc ferrite nanoparticles, Zn (NO3)2.6H2O, Fe 

(NO3)3.9H2O, C6H8O7, sodium hydroxide, hydrochloric acid and acetone were used. All the chemicals 

used in the research experiment were purchased from Merck (AR grade) chemicals with 99% purity and 

used without any further purification. A synthesis procedure step wise description of ZnFe2O4 fine 

particles is shown in Fig.1.  

 

Figure 1. Flow chart showing the synthesis of ZnFe2O4 nanoparticles 

  So as to synthesize ZnFe2O4 nanoparticles, 3.23g of Iron (iii) nitrate nonahydrate[Fe 

(NO3)3.9H2O] and 1.18g of zinc nitrate hexahydrate [Zn (NO3)2.6H2O] were dissolved in 20 ml of 

distilled water respectively. Followed by drop by drop addition of 2.3g of citric acid (C6H8O7) to the 

nitrate solution under constantly stirred. The pH value of the nitrate solution was maintained at 8, by 

adding the required amount of sodium hydroxide (NaOH) solution dropwise as a precipitate agent. The 

solution was then kept at 80 °C for 120 min. This duration was sufficient for the formation of hydroxides 

into spinel ferrite. The precipitate was washed out by magnetic decantation with distilled water and 

acetone to remove the impurities. The product was dried in an electric oven at 70 °C temperature for two 

hours. Finally, the dried powder was then, ground using an agate field gun to obtain very fine particles 

and was annealed at 400 °C, 600 °C and 800 °C for 3 h.  
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2.1 Characterization Techniques 

  The composition and crystalline structure of the zinc ferrite nanoparticles were analyzed by 

PW3040/60 XPERT-PRO prefix X-ray diffractometer using monochromatic CuKα radiation   (λ= 1.5405 

Å). XRD pattern was recorded in the range of 20° to 80°. The average particle size of the samples was 

calculated by applying peak expansion of (311) line of cubic spinal structure using Debye-Scherer 

formula [16] 

D =              (1) 

Where D is mean crystallite size, K (= 0.9) is a constant to the shape of the crystal, λ is wavelength of 

radiated X-ray (in Å), θ is corresponds to Bragg diffraction angle at the peak position and β is fullwidth at 

half maximum intensity measured in radians. Thermal analysis was used to study of change in properties 

of the sample with temperature. The TG/DTA analysis was carried out using the instrument NETZSCH - 

STA 449 F3 JUPITER. FTIR spectra analyses were carried out on samples pelletized using KBr powder 

in the region between 1000 cm
-1

 and 400 cm
-1

 using a Tensor 27 BURKER. FESEM with EDAX was 

recorded using a model ZEISS SUPRA 40 VP SEM. FETEM system which has been used for 

morphology and size determination was achieved using a FETEM instrument model JEOL JEM-2100F. 

The SAED patterns were confirmed by dispersing the sample in excess of a carbon coated copper grid. 

Using the instrument VSM lakeshore-7404, magnetic measurements were carried out at room temperature 

up to a maximum field of 15 kOe. 

3. Results and Discussion 

    3.1 Structural properties  

   The structure of synthesized product was identified by powder XRD method. The XRD patterns 

of the as-synthesized and annealed at 400 °C, 600 °C and 800 °C of zinc ferrite nanoparticles are shown 

in Fig.2.  

 

Figure 2.  XRD Spectra of ZnFe2O4 nanoparticles as-synthesized and annealed at different temperatures 
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   All the samples are exhibiting the diffraction peaks of 29.3
o
, 35.2

o
, 42.5

o
, 56.1

o
 and 62.1

o
.  The 

observed peaks are compared with ICDD PDF: 22-1012 and concluded that the synthesized product is 

single phase cubic zinc ferrite nanoparticles. No additional peak is observed in the XRD pattern, and it 

confirms that the synthesized product is zinc ferrite nanoparticles and free from any impurities.  Similar 

result was reported by   Raeisi Shahraki et. al.,[17] for synthesized zinc ferrite nanoparticles. The average 

particle size is calculated from the width of the prominent peak (311) using Scherer‟s equation as shown 

in table 1.  

 

Table 1 particle size D (nm), lattice parameter „a‟ (Å), X-ray density (dx), Saturation magnetization (Ms) 

and  Coercivity (Hc) value of ZnFe2O4 nanoparticles annealed  at     400 °C, 600 °C and  800 ºC . 

 

material 

 

Annealing 

temperature 
◦
C 

 

D 

(nm) 

 

 

a  

(nm) 

 

 

dx 

(gm/cm
3

) 

 

Ms  emu/g 

 

Hc (Oe) 

 

ZnFe2O4 

400
◦
C 

600
◦
C 

800
◦
C 

8 

11 

38 

8.465 

8.464 

8.453 

5.279 

5.282 

5.302 

24.013 

20.347 

4.774 

84.957 

9.314 

0.296 

 

 The lattice parameter „a‟ can be calculated using the relation  

 

                                       a = d (h
2
+k

2
+l

2
)

1/2
                                                      (2) 

 

Where `a` is the lattice parameter, d represents the interplanar spacing, and h, k, and l indicate the Miller 

indices. The interplanar spacing d can be calculated by using the eminent Bragg law. From our 

investigations we observed that the particle size increases with the lattice parameter continues to decrease. 

The X-ray density (dx) values are calculated from the XRD data using this relation was observed by Smit 

and Wijn [18] 

                                              dx= ZM / Na
3                                                                                                    

(3) 

 

Where dx is the X-rays density (g/cm
3
), Z = 8 spinel cubic structure corresponds to the number of 

molecules in a unit cell of spin lattice, M is the molecular weight of the samples, Na indicates the 

Avogadro‟s number, and ''a'' represents the lattice parameter. From the table 1, it is clear that the particle 

size and X-ray density (dx) are increased with increasing annealed temperatures from 400 °C to 600 °C, 

600 °C to 800 °C, whereas decrease the lattice parameter („a‟) with increasing annealed temperatures. 

Similar result was reported by Rintu Mary Sebastian et. al.,[19] for the preparation of zinc ferrite 

nanoparticles at different temperatures. 

3.2 Thermal analysis 

  Thermal stability of the synthesized ZnFe2O4 nanoparticles was examined by simultaneous TG 

and DTA measurement. The result was carried out from room temperature to 850 °C temperatures at a 

heating rate of 10°C/min which is shown in Fig.3.  
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Figure 3.    TG–DTA curve of ZnFe2O4 nanoparticles 

  Three major weight losses have been found from TG analysis. The first stage of weight loss is 

observed at a temperature below 83 °C (2%) due to desorption of water. The second weight loss is 

predicted in the range from 84 °C to 235 °C (10%) as a result of decomposition of organic templates. The 

third weight loss of (9%) is observed between 236 °C and 460 °C due to crystallization of the final 

product. No weight loss is found beyond 460 °C indicating the formation of ZnFe2O4 nanoparticles. There 

are two broad exothermic peaks observed in DTA curve at 290 °C and  440 °C. The first broad 

exothermic peak in DTA curve at 290 °C due to the thermal decomposition of citric acid. The second 

exothermic peak at 440 °C corresponds to the formation of intermediate phases, which is associated in the 

formation of ZnFe2O4 nanoparticles. Similar result was reported by Yang et. al., [20] for the synthesis of 

zinc ferrite nanopowders. 

 

3.3 FTIR studies 

  FTIR spectra of zinc ferrite nanoparticles annealed at 400 °C, 600 °C and 800 °C are shown in 

Fig.4 in the region of 1000 to 400 cm
-1

.  

 

Fig. 4 FTIR spectra of ZnFe2O4 nanoparticles annealed at different temperatures 
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Figure 5.  FESEM image of ZnFe2O4 nanoparticles annealed at 600 °C with different magnifications (a), 

(b) (c) matching EDAX  

  All samples exhibited the peaks near 550 cm
-1

corresponding to the Fe-O stretching vibration and 

peaks near 425 cm
-1

 is ascribed due to the stretching modes of Zn-O [21]. From this study it may be 

concluded that the observed peaks are the characteristic peaks of zinc ferrite nanoparticles. The 

absorption bands  Fe-O are observed at 550, 553, and 557cm
-1

 and  the absorption band Zn-O are 

observed at 425, 429, and 434 cm
-1 

for the zinc ferrite nanoparticles annealed at 400 °C, 600 °C and 800 

°C respectively is  shown in table 2. The samples were annealed at high temperature all the other bands 

are disappeared and the zinc ferrite gorge shifts towards lower frequency. 

Table 2 FTIR absorption bands of ZnFe2O4 nanoparticles annealed at 400 °C, 600 °C and       800 °C. 

 

 

Samples 

 

400°C 

 

 

600°C 

 

 

800°C 

 

Ѵ1 (cm
−1

)     ѵ2 (cm
−1

)   Ѵ1 (cm
−1

)   ѵ2 (cm
−1

)    Ѵ1 (cm
−1

)    ѵ2 (cm
−1

)   

ZnFe2O4       550           425  553          429 557          434 
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  The shifting of absorption band at higher frequency in the present study clearly suggest that the 

linear relationship between the particle size and annealing temperatures. Similar trend was observed by 

IsrafUd Din et.al., [22] for synthesize of zinc ferrite nanoparticles. This observation from the FTIR study 

strongly support the result observed by XRD study. 

3.4 FESEM with EDAX 

  Shape and size of the synthesized ZnFe2O4 nanoparticles were characterized by FESEM 

measurements. From The morphology of ZnFe2O4 nanoparticles annealed at 600
 
°C investigated by 

FESEM is shown in Fig.5 (a, b).  

  The observed FESEM shows that the synthesized zinc ferrite nanoparticles are spherical in shape. 

Similar result was observed by Panit Chantharasupawong et.al.,[23] for synthesized zinc ferrite 

nanoparticles. The EDAX spectrum and quantitative results of zinc ferrite nanoparticles are shown in 

Fig.5 (c). From EDAX spectrum, the presence of Zn, Fe and O are observed with atomic percentages of 

19.30%, 52.87% and 27.83% respectively. No additional compounds are observed in the present study 

which confirms the ZnFe2O4 nanoparticles are free from impurities. Similar result was drawn by 

Rameshbabu et.al.,[24] for synthesized zinc ferrite nanoparticles. The observed result from EDAX is in 

close agreement with the XRD study. 

3.5 FETEM with SAED 

  FETEM provides further insight into the morphologies and structural details of these samples. 

Fig. 6(a, b, c) shows the FETEM images annealed at 600°C with different scale bar which confirms the 

clear morphology of ZnFe2O4 nanoparticles.  

  The observed FETEM pattern confirms that the synthesized sample is zinc ferrite nanoparticles 

with agglomerated spherical shape. These agglomerates can be able to increase the magnetic interaction 

between the particles, and then might influenced the magnetic properties of ZnFe2O4 nanoparticles [25]. 

From the FETEM image the average particle size 12.5 nm was measured to image j viewer software [26] 

be which is shown in Fig.6 (c). The selected area electron diffraction (SAED) pattern of the spherical 

shaped ZnFe2O4 Nanoparticles is shown in Fig. 6(d). All spots are identified with the diffractions pattern 

of spherical, which reveals the crystalline nature of zinc ferrite Nanoparticles. The single-phase zinc 

ferrite Nanoparticles observed from SAED pattern is in good agreement with FESEM result. Similar 

result was observed by Gharagozlou et.al.,[27] for synthesized zinc ferrite nanoparticles. 

3.6 Magnetization studies  

  Magnetization as a function of applied magnetic field at different temperatures of annealed zinc 

ferrite nanoparticles is shown in Fig.7. 

  The saturation magnetization (Ms) and coercivity (Hc) of zinc ferrite nanoparticles annealed at 

different temperature values are provided in table 1. The saturation magnetization and coercivity value 

decreased with increasing annealed temperatures are observed. The result observed in the present study is 

in close agreement with Sushant Singh et.al.,[28] for the preparation of zinc ferrite nanoparticles. The 

coercivity value is near to zero observed at 800 
°
C reflects the super paramagnetic behavior of ZnFe2O4 

nanoparticles. Similar result was reported by   Yan Xu et. al.,[29] for the synthesized zinc ferrite 

nanoparticles by sol-gel method. The magnetizations of the samples at 400 °C, 600 °C and  800 °C 

evaluated by extrapolating the high field magnetization curve are found to be values are 24, 20, and 4 
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emu/g respectively, which are larger than the zinc ferrite nanoparticles prepared by other methods [30, 

31]. From the M–H curves, as the annealing temperature were increased from  400 °C to 600 °C and 600 

°C to 800 °C, a transition from paramagnetic to ferromagnetic region was observed in zinc ferrite 

nanoparticles. This transition is attributed to the partial inversion of zinc and ferric ions in tetrahedral and 

octahedral sites respectively. The comparison between magnetizations of 400 °C, 600 °C and  800 °C 

samples shows decrease of the surface cation disordering due to increase in particle size and crystallinity 

accompanied cation redistribution in decreasing magnetization [31].  

 

 

Figure 6. FETEM of ZnFe2O4 nanoparticles annealed at 600 °C with different magnification (a), (b) and 

(c) Particle size measured using image viewer software (d) resultant SAED 
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Figure 7. Room temperature M-H curves for ZnFe2O4 nanoparticles annealed at  400 °C, 600 °C and 800 

°C. 

 4. CONCLUSION 

ZnFe2O4 nanoparticles were successfully prepared by a simple, high yield and low cost co-

precipitation method. Structural, compositional and magnetic properties of the synthesized ZnFe2O4 

nanoparticles at different annealing temperatures were well studied. XRD study reveals that the 

synthesized ZnFe2O4 nanoparticles were of phase pure with cubic structure. Particle size and X-ray 

density gets increased with increase in annealing temperature, whereas the decreasing trend was observed 

in the lattice parameter values. The particle size calculated from Debye-Scherer method in XRD well 

matches with the particle size calculated by using image j viewer software in FETEM analysis  .No 

weight losses were noticed from 460 °C in TGA and from 440 °C in DTA study confirmed the formation 

of ZnFe2O4 nanoparticles. FTIR confirmed the presence of zinc ferrite nanoparticles at all annealing 

temperatures and the characteristic absorption bands increase with the increase in particle sizes were also 

noticed which is supported by XRD study. Morphological study of FESEM and FETEM images reveals 

that the particles were in spherical shape. EDAX spectra confirmed the elemental composition of Fe, Zn 

and O in the synthesized ZnFe2O4 nanoparticles. The change in magnetization observed in the magnetic 

properties suggested that ZnFe2O4 nanoparticles could be very useful in fabricating new magnetic 

materials. 
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