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ABSTRACT

Nickel chromium ferrite nanoparticles were synthesized by using sol-gel auto combustion

technique and sintered for two different temperatures at 8000C and 10000c. Effect of heat

treatment on the structural, magnetic and dielectric properties was systematically investigated

by using X-ray diffraction, scanning electron microscopy, vibrating sample magnetometer

and two-probe technique. Increase in sintering temperature increases the crystallite size of the

particles from 15.57 nm to 25.75 nm. Increase in sintering temperature reduces the lattice

parameter and specific surface area of the samples. Scanning electron micrographs confirms

the fine crystanallity and porous structure of the samples. The absorption bands shifted

slightly with the change in sintering temperature. Higher value of sintering temperature

enhances the saturation magnetization from 15.46 emu/gm to 35.35 emu/gm. Values of

squreness ratio reveals the multi-domain structure for the sample sintered at 6000C and single

domain for the sample sintered at 10000C.

Keywords: Sintering temperature, crystallite size, absorption bands, squareness ratio.

INTRODUCTION
The variety of applications in various fields, synthesis and processing of nanomaterials

attracted many researchers in the recent years. In microwave devices (e.g. circulators,

isolators, phase shifters), magnetic nanoparticles for drug delivery, high density storage

media, radio frequency coils fabrication, magnetic cores in transformers and

telecommunication devices, ferries nano-particles specially spinel nano-ferrites have been

widely used [1-2]. Nickel ferrite belongs to the inverse spinel structure have been

investigated by many researchers for various purposes [4-7]. Doped nickel ferrites with high
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Curie temperature and moderate magnetization have been subject of great interest for their

use in many technological applications [8]. Dilution of magnetic properties with the addition

of impurities increases the interesting magnetic features in the materials with spinel structure

[9]. The properties are very sensitive for the synthesis methods, type and concentration of

impurity addition, sintering temperature and time etc. Sintering temperature greatly affects

the crystallite size of the ferrites and hence affects on the structural, magnetic and electrical

properties. In the present work our main focus is to investigate the effect of sintering

temperature on structural, magnetic and dielectric properties of nickel chromium ferrite.

SAMPLE SYNTHESIS
Nanocrystalline ferrite powder of nickel-chromium ferrite with general chemical formula

NiFeCrO4 was obtained by using sol-gel auto-combustion route. Metal nitrates of the

constituent ions with chemical formula Ni(No3)2.6H2O, Fe(No3)3.9H2O and Cr(No3)3.9H2O

were taken as starting materials and citric acid plays the role of chelating agent. All the metal

nitrates were mixed thoroughly in the sufficient amount of distilled water with their weight

proportion and citric acid was taken in the ratio 1:3. A constant heat (800C) was supplied to

the whole mixture with continuous stirring at constant temperature on a hot plate with

magnetic stirrer. pH of the mixture was maintained at 7 by the addition of liquid ammonia

slowly in the mixture. After 2-3 hours of continuous stirring and heating, the solution was

converted in viscous sol which was then heated at 1500C for 20-30 minutes after that, the sol

was converted into dried gel and suddenly converted into burnt ash by self ignition. The burnt

ash was divided into two equal parts and sintered at two different temperatures 6000C and

10000C for 6hours.

CHARACTERIZATION TECHNIQUES
Nanocrystalline powders of NiFeCrO4 sintered at two different temperatures 6000C and

10000C were characterized by X-ray diffraction technique. The powders X-ray diffraction

patterns were collected at room temperature on a Philips diffractometer with Cu-K

radiations ( = 1.5406 10-10 m). Infrared spectra of all the samples were recorded at room

temperature in the frequency range of 300 cm-1 to 800 cm-1. Surface morphology and grain

size of the samples was studied by using scanning electron micrographs. Vibrating sample

magnetometer was employed for the measurements of magnetic parameters and two-probe

technique was used to study the dielectric properties ad a function of frequency.
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RESULTS AND DISCUSSION
X-ray diffraction pattern represented in Fig. 1 shows the reflection peaks for the planes (210),

(220), (311), (222), (400) (421), (430), (333), (440) and (433) which are related to the cubic

spinel structure. The additional peaks confirm the co-existence of -Fe2O3 phase in the

samples (JCPDS card 33-0664). It also shows the rhombohedral phase of Cr2O3 (JCPDS card

38-1479). It was found that Cr rich materials show predominantly Cr2O3 and AII/IIICr2O4,

which is in good agreement with the literature a report [10]. The formation of the Fe2O3–

Cr2O3 solid solution is depending on the synthesis conditions and synthesis temperature in

particular. It has been reported that the single-phase solid solutions of Fe2O3–Cr2O3 can be

obtained at high temperatures (above 1400 K) [11, 12]. Phase separation in samples of

intermediate composition, with solubility limits of 28 and 65 mol% of Cr in hematite at

1173 and 1373 K, respectively has been reported previously [13, 14]. The separation of 1 : 1

mixtures into Cr2O3-rich and Fe2O3-rich phases has also been observed, when sintered for 1 h

at temperature below 1213 K [15]. By using the values of inter-atomic distances (d) and

miller indices (hkl) in the following relation, lattice constant was calculated [16]. It can be

seen that, the lattice constant reduced from 8.310 Å to 8.300 Å with the increase in sintering

temperature. Table 1 represents the values of lattice parameter and unit cell volume of the

sample sintered at 6000C and 10000C. Similar behaviour of lattice parameter is also found in

previous studies [1, 3].

Fig. 1: X-ray diffraction patterns of NiCrFeO4 sintered at 6000C and 10000C
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Table 1: Lattice constant (a), X-ray density (dX), bulk density (dB), percentage porosity (P),

specific surface area (s), crystallite size (t), for NiFeCrO4 samples.

Temp. ‘a’
(Å)

‘dX’
(gm/cc)

‘dB’
(gm/cc)

‘P’
(%)

‘S’
(m2/gm)

‘t’ (nm)

XRD SEM

6000C 8.310 5.336 4.012 33.00 96.06 15.57 38

10000C 8.300 5.356 3.912 36.91 59.56 25.75 57

X-ray density ‘dX’ was obtained by using the molecular weight and unit cell volume in the

following relation [3],

X
A

8Md
N V
 (1)

Sintering conditions greatly affects the X-ray density and it was found higher (5.336 gm/cc)

for the sample sintered at 6000C than that of the sample sintered at 10000C (5.356 gm/cc).

Crystallite size of the composition also vary with sintering temperature which was calculated

by using the following relation [17],

 
 

k
t

Cos



 

(2)

Where, k is a constant (0.9),  is wavelength (1.5405 Å) of incident X-rays,  is Bragg’s

angle and  is the FWHM (Full width at half maxima) of the peak. The crystallite size varies

from 15.57 nm for the samples heated at 6000C to 25.75 nm for the samples heated at

10000C, which means that the crystallite size increases with the sintering temperature. Bulk

density of the samples was calculated by using simple mass volume relation and the values

are presented in Table 1. Porosity in percentage was calculated by using X-ray density and

bulk density in the relation discussed elsewhere [18]. Higher values of X-ray density than the

bulk density clearly indicates the porous nature of the samples.

By inserting the values of crystallite size and X-ray density obtained from XRD data in the

following relation [19], specific surface is calculated,

x

6000S
t d



(3)

It is observed that, specific surface area decreases from 96.06 m2/gm for the sample heated at

6000C to from 59.56 m2/gm for the sample heated at 10000C. As the specific surface area is

related with crystalline diameter and X-ray density, both are increases with sintering

temperature, which in result decreases the specific surface area.
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Fig. 2: IR spectra of NiFeCrO4 nanoparticles sintered at (A) 6000C and (B) 10000C

Fig. 2 depicts the infrared spectra of NiFeCrO4 ferrite nanoparticles sintered at 6000C and

10000C recorded at room temperature in the range of 300 cm-1 to 800 cm-1. As a common

feature of spinel ferrites, infrared spectra of the present samples also show two main

absorption bands [20]. Waldron [21] in his study observed that the high frequency band 1 is

related to the intrinsic vibrations of the metal ions with oxygen atoms at tetrahedral site and

low frequency band 2 is related to the vibrations at octahedral site. It is observed that 1

slightly shifted towards higher frequency and 2 shifted towards low frequency as the

sintering temperature changes from 6000 to 10000C.

Fig. 3: Scanning electron micrographs (A) 6000C and (B) 10000C

Fig. 3 shows the scanning electron micrographs of the samples sintered at both temperatures

6000C and 10000C. A keen observation the SEM micrographs shows the well defined and

mostly spherical shaped grains on the surface of the samples. The heat treatment affects on

the surface morphology and some voids are observed. The average grain size was estimated
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for all the samples by using SEM images with the help of online software (Image J). Values

of average grain size for the samples sintered at both temperatures 6000C and 10000C are

given in Table 1 which is found higher than that obtained from XRD data. The growth in

grain size may be due to the small agglomeration occurred due to the magnetic interactions.

Table 2: Absorption bands (1 and 2), saturation magnetization (MS), remnant

magnetization (Mr), squareness ration (Mr/MS) and coercivity (HC) for NiFeCrO4 samples.

Temp.
Absorption bands ‘MS’

(emu/gm)
‘Mr’

(emu/gm) (Mr/MS) ‘HC’
(Oe)1 (cm-1) 2 (cm-1)

6000C 542.3 394.2 15.46 7.15 0.462 1027

10000C 549.8 358.4 35.35 22.14 0.626 1212

Fig. 4: Hysteresis loops of NiFeCrO4 ferrite nanoparticles.

Hysteresis loops for the samples heated at both temperature is shown in Fig. 4. The study of

these M-H loops gives the information of several magnetic parameters viz. saturation

magnetization (MS), remnant magnetization (Mr), coercivity (HC) and squareness ratio

(Mr/MS) and the values are given in Table 1. Magnetic behaviour of Ni-Cr-Fe-O ferrite

nanoparticles is greatly affected by sintering temperature. Saturation magnetization is

correlated with crystallite size of the samples. Increase in crystallite size with sintering

temperature increases the saturation magnetization of the samples. Remnant magnetization

also increases from 7.15 emu/gm to 22.14 emu/gm with increase in sintering temperature

from 6000C to 10000C. The squareness ratio calculated for the sample sintered at 6000C is

observed below 0.5 which is a clear indication of multi-domain structure of the sample while
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as it obtained above 0.5 for the sample heated at 10000C which is the indications of single

domain structure. The higher value of remnant ratio makes ferrites suitable for magnetic

recording media as high density memory devices [22]. Coercivity of the samples is related to

saturation magnetization (MS) by the relation obtained from the Stoner-Wohlfarth theory [39-

40]. Coercivity of the samples increases with the sintering temperature, for the sample

sintered at 6000C, it is observed 1027 (Oe) and for the sample sintered at 10000C it is 1212

(Oe).

Fig. 5: Variation of dielectric constant and dielectric loss tangent.

Dielectric constant (’) and dielectric loss tangent (tan) were measured within a frequency

range of 50 Hz to 20 MHz. Fig. 5 shows the variation of dielectric constant (’) and variation

of dielectric loss tangent as a function of frequency for the samples sintered at 6000C and

10000C. It is observed that dielectric constant and dielectric loss tangent are high at lower

frequency region and it decreases with increase in frequency for both samples. As the

frequency increases the electrons cannot keep up with the applied field which in results

decreases the probability of electrons reaching towards the grain boundaries and hence

dielectric constant decreases.

CONCLUSIONS
Nanoparticles of NiCrFeO4 were successfully synthesized by sol-gel route and characterized

for two different temperatures. Crystallite size increases with the increase in sintering

temperature while as specific surface area decreases. Nanocrystallinity of the samples is

confirmed by using XRD data and SEM images. Saturation magnetization and coercivity

increases with the increase in sintering temperature. Dielectric constant and dielectric loss

tangent shows higher values for lower frequency region and vice versa.
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