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ABSTRACT: This investigation represents the notable influence of sintering time on the crystal phase development
of copper ferrite nanoparticles synthesized using sol-gel auto-combustion method. Characterization of sintered materials were performed by X-ray diffraction technique and Fourier transform infrared (FTIR). The XRD analysis
shows that ferrite nanoparticles show tetragonal crystal structure.
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INTRODUCTION: Nanotechnology incorporates
fundamental study of the properties and nature of
nanoparticles and nanostructures. Mainly nanotechnology concern with materials of the size 100 nanometer or smaller in dimensions and includes synthesizing materials in that size limit. In recent time,
magnetic oxide nano particles have drawn the significant consideration of researchers and technologists
because of their unique and exceptional properties
both from the academic and fundamental perspective
which is completely unique in relation to their bulk
counterpart. Research to grow such a material was
being carried out in different laboratories because of
their extensive variety of uses [1-]. One of the difficulties faced by material researchers today is the preparation of materials with required structure, composition and properties for particular applications.

useful in many applications like catalysis, gas senor,
hydrogen fabrication, Li-ion batteries etc.
MATERIALS AND METHODS: Nanocrystalline
CuFe2O4 was synthesized by self ignited sol-gel autocombustion method. The schematic presentation of
formation of copper ferrite nanoparticles by sol-gel
auto-combustion technique is depicted in Fig. 1.

The properties of ferrite materials mainly depends on
the synthetic conditions such as sintering time, sintering temperature, concentration of dopant, pH etc. Various methods [5-9] can be used to synthesize ferrites
such as solid state reaction technique, sol-gel, coprecepitation, revese micelle, mechanical milling etc.
Among the spinel ferrites the copper ferrites have
remarkable magnetic and electric properties. Copper
ferrite shows either cubic or tetragonal crystal structure depending upon the Cu2+ ion concentration and
heat treatment. Copper ferrite is distinctive from other
spinel ferrites since it undergoes a structural phase
transition due to the Jahn-Teller effect. CuFe2O4 is

Figure 1: schematic presentation of sol-gel autocombustion technique.
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The samples sintered at 600 °C for 6h and 8h were
structurally characterized by X-ray diffraction technique (XRD) with -2 geometry using Cu-K. In
addition, Fourier transformation infrared spectroscopy
was carried out in a KBr medium at wave numbers
ranging from 400 to 4000 cm-1.

ly with sintering time (a =5.83, c = 8.72 for sintering
time 6h and a =5.85, c = 8.78 for 8h sintering time.
The particle size of each samples were obtained by
Scherrer’s formula [11] and is in the range of 25 to 50
nm.
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Transmission (%)

Analytical grade copper nitrate, ferric nitrate and citric
acid were dissolved in distilled water to obtain a homogeneous solution. The metal nitrate to citric acid
molar ratio was 1:3. The ammonia was added drop
wise to maintain the pH of solution at 8. Using a magnetic stirrer and keeping the temperature at 70 °C the
solution was constantly stirred until the gel formation.
The gel so formed was dried at 80 °C and finally
ground to form a fine powder. The produced fine
powder was sintered at 600 °C with varying sintering
time (6h and 8h). The detailed synthesis mechanism
was reported in our previous work [10].
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RESULTS AND DISCUSSION: The crystal phase
identification was performed on an X-ray diffraction
technique (XRD). Figure 2 shows the XRD patterns of
copper ferrite nanoparticles sintered at 600 °C for 6h
and 8h.
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Figure 2: X-ray diffraction pattern of CuFe2O4
nanoparticles sintered at 600 °C for 6h and 8h.
Analyzing the X-ray pattern shows we found the formation of tetragonal structure of copper ferrite. The
sample sintered for 6 h shows well formation of tetragonal crystal phase and no impurity phases were
observed in the XRD pattern. The well defined peak
with (211) reflection appears to be the most intense
indicating the predominant growth of crystallites in
this direction. On the other hand, the samples sintered
600 °C for 8h shows small changes in structural peaks
with increasing sharpness of reflections in the
diffractograms suggests polycrystalline nature of the
samples. The values of lattice parameter varies slight-

Figure 3: Fourier infrared spectra of CuFe2O4 nanoparticles sintered at 600 °C for 6h and 8h.
Figure 3 shows Fourier infrared spectra of CuFe2O4
nanoparticles sintered for 6h and 8h recorded in the
range of 400-4000 cm-1, reveals useful information
about nature and structure of nanocrystalline copper
ferrite material. The spectra of all samples reveal the
presence of two metal-oxygen absorption band in the
range of 400-600 cm-1 [12]. In the FTIR spectrum
(Fig. 3) absorption band observed in the range of 530
- 550 cm-1 was assigned to intrinsic stretching vibrations of the metals at the tetrahedral site (A), and the
band observed at 400 cm-1, is assigned to octahedral
(B) metal stretching [13] which confirms the formation of spinel ferrite material. Small shifting in the
vibration bands were observed for samples sintered
for 8h.
CONCLUSION: Pure nanocrystalline copper ferrite
material is synthesized by Sol-gel auto-combustion
technique. The X-ray diffraction pattern indicates the
formation of pure tetragonal phase and peak intensity
increases with sintering time. Fourier infrared spectra
indicates small shift in absorption bands with sintering
time.
ACKNOWLEDGEMENT: Author ABG is thankful
to SAIF, IIT Bombay for granting XRD facilities.
REFERENCES:
1. Loghman-Estarki M. R., Torkian S., Amini
Rastabi R., Ghasemi A. (2017) Effect of anneal-

J. Biol. Chem. Chron. 2019, 5(3), 137-139 (Special Issue: ETCMS-2019)

138

[Influence of Sintering Time on Structural Behaviour of Copper Ferrite Nanoparticles]

2.

3.

4.

5.

6.

7.

8.

ing temperature and copper mole ratio on
themorphology, structure and magnetic properties
of Mg0.5-xCuxZn0.5Fe2O4 nanoparticles prepared by
the modified Pechini method, Journal of Magnetism and Magnetic Materials 442, 163–175
A. G. Roca, R. Costo, A. F. Rebolledo, S.
Veintemillas-Verdaguer, P. Tartaj, T. Gonz_alezCarre~no, M.P. Morales, C.J. Serna (2009) Progress in the preparation of magnetic nanoparticles
for applications in biomedicine, Journal of Physics D: Applied Physics 42, 224002.
T. Pedro, M. M. del Puerto, V. V. Sabino, G.-C.
Teresita, J.S. Carlos (2003) The preparation of
magnetic nanoparticles for applications in biomedicine, J. Phys. D.Appl. Phys. 36, R182.
A. Figuerola, R. Di Corato, L. Manna, T. Pellegrino, (2010), From iron oxide nanoparticles towards advanced iron-based inorganic materials
designed for biomedical applications Pharmacol.
Res. 62, 126.
Ibrahim E. M. M. (2007) The effect of sintering
time and temperature on the electrical properties
of MnZn ferrites, Appl. Phys. A 89, 203–208
Rashad M. M., Soltan S., Ramadan A. A., Bekheet
M.F., Rayan D. A. (2015) Investigation of the
structural, optical and magnetic properties of
CuO/CuFe2O4 nanocomposites synthesized via
simple microemulsion method, Ceramics International 41,12237–12245
Yunjin Yao, Fang Lu, Yanping Zhu, Fengyu Wei,
Xueting Liu, Chao Lian, Shaobin Wang, (2015)
Magnetic core–shell CuFe2O4@C3N4 hybrids for
visible light photocatalysis of Orange II, Journal
of Hazardous Materials 297, 224–233
S. Ayyappan, S. Mahadevan, P. Chandramohan,
M. P. Srinivasan, John Philip, Baldev Raj (2010)

9.

10.

11.

12.

13.

Influence of Co2+ Ion Concentration on the Size,
Magnetic Properties, and Purity of CoFe2O4 Spinel Ferrite Nanoparticles, J. Phys. Chem. C 114,
6334–6341
S. Sonia, S. Poongodi, P. S. Kumar, D.
Mangalaraj, N. Ponpandian, C. Viswanathan
(2015) Hydrothermal synthesis of highly stable
CuO nanostructures for efficient photo catalytic
degradation of organic dyes, Mater. Sci.
Semicond. Process.30, 585–591.
Ghumare A. B., Mane M. L., Shirsath S. E., Lohar
K. S. (2018) Role of pH and sintering Temperature on the properties of Tetragonal-Cubic Phases
composed Copper ferrite Nanoparticles, Journal
of Inorganic and Organomettalic Polymers and
materials,
https://doi.org/10.1007/s10904-018-0927-3
N. Lwin, R. Othman, A. F. M. Noor, S.
Sreekantan, T. C. Yong, R. Singh, C. C. Tin
(2015) Influence of pH on the physical and electromagnetic properties of Mg–Mn ferrite synthesized by a solution combustion method, Mater.
Charact. 110, 109–115.
S. A. Seyyed Ebrahimi, S. M. Masoudpanah,
(2014) Effects of pH and citric acid content on the
structure and magnetic properties of MnZn ferrite
nanoparticles synthesized by sol–gel autocombustion method, Journal of Magnetism and
Magnetic Materials, 357, 77–81
X. Huang, J. Zhang, W. Wang, T. Sang, B. Song,
H. Zhu, W. Rao, C. Wong (2016) Effect of pH
value on electromagnetic loss properties of Co–Zn
ferrite prepared via coprecipitation method, Journal of Magnetism and Magnetic Materia,l 405,
36–41.

J. Biol. Chem. Chron. 2019, 5(3), 137-139 (Special Issue: ETCMS-2019)

139

