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ABSTRACT 

     Cobalt (Co)-doped bismuth ferrites (BiFeO3) nanoparticles have been successfully 

synthesized by the standard solution combustion process exploiting glycine as a fuel for the 

improved synthesis of nano ferrites at temperatures ranging from 875°C. Several techniques, 

including powder-XRD, FT-IR, UV-Vis, and SEM-EDAX were used to examine the optical, 

structure, functional group, crystalline size, shape and their thermal properties were analyzed. 

Determining the ferroelectric phase transition (TC=645°C) reveals the ferroelectric character 

of the as-prepared Co-doped BiFeO3 nanoparticles. Due to the size confinement effect, 

magnetic measurements reveal that cobalt-doped BiFeO3 nanoparticles at ambient 

temperature exhibit a weak ferromagnetic order. Co-doped BiFeO3 nanoparticles could be 

utilized as a promising photo-catalytic breakdown material due to their observed significant 

absorption in the UV range. 
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INTRODUCTION 

     The term "ferrite" refers to a class of ferromagnetic oxide materials that have both high 

resistivity and permeability. Ferrite has advantages such as potential application at higher 

frequency, high resistivity, lower price, high thermal resistance and higher corrosion resistance 

even though its saturation magnetization is less than half of that of ferromagnetic alloys.  

     Single crystals of multiferroic nanomaterials can exhibit several characteristics, including 

ferroelectricity, ferromagnetism, and ferroelasticity [1–6]. These materials are referred to as 

multiferroic nanomaterials because multiple order parameters can coexist within a crystalline 

phase, multiferroic nanomaterials have recently gained a significant amount of interest. As a 

result, it can be utilized in a wide variety of devices that are low in power consumption, 

multipurpose and friendly to the environment . It would be ideal if multiferroic nanomaterials 

could couple such features even in room temperature [7, 8]. 

     However, the majority of multiferroic nanomaterials are unable to fulfill this requirement 

in natural systems. Both the ferroelectric phase transition Curie temperature (TC) and the G-

type antiferromagnetic phase transition Neel temperature (TN) of bismuth ferrite (BiFeO3, 

BFO) have been determined to be significantly higher than room temperature. The 

ferroelectric phase transition Curie temperature (TC) is 1103K, and the G-type 

antiferromagnetic phase transition Neel temperature (TN) is 643K. As a result of its high TC 

and TN values, BFO has emerged as one of the most promising and well-known multiferroic 

materials [9].   Because it is challenging to synthesize BFO without the formation of impurity 

phases,  it took nearly a decade before a substantial breakthrough was achieved [10]. 

     Wang et al. were the first researchers to disclose a BFO thin film in 2003. The film had a 

remnant ferroelectric polarization of Pr ~ 55 µC cm−2, which was a number that was 

significantly higher than the values previously reported for single-crystal samples. Since then, 

BFO-based nanomaterials with amazing diverse physical properties have been discovered in a 

variety of forms, such as BFO ceramics, thin films, and nanostructures. These nanomaterials 

have been found in BFO ceramics [11–15]. 

     In this study, the crystallographic structure, magnetic and electrical characteristics of Co-

doped BiFeO3 nanoparticles were investigated. These nanoparticles were produced by the 

solution combustion technique. Cobalt (Co) was found to have an effect on these properties. 

 

MATERIALS AND METHODOLOGY 
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     Typically, cobalt-doped bismuth ferrite nanoparticles were synthesized using the 

conventional method of solution combustion technique. According to the stoichiometry for 

bismuth ferrites, this technique uses the precursor materials Bi(NO3)36H2O (0.1 M) and Fe 

(NO3)39H2O (0.1 M). The dopant cobalt is added in the form of cobalt nitrate (Co (NO3)2 

3H2O). 

     The synthesis of bismuth ferrite nanoparticles can be summarized as follows: one mole of 

bismuth nitrate represented by the formula Bi(NO3)36H2O and one mole of ferric nitrate 

represented by the formula Fe(NO3)39H2O were dissolved in deionized water. After that, a 

stoichiometric quantity of cobalt nitrate (Co(NO3)23H2O) was added to the solution, and it 

was agitated for ten to fifteen minutes. After that, 5 grams of NH2–CH2–COOH (glycine) was 

added as fuel to the above combined solutions. This mixture was swirled nonstop at a 

temperature of 60 ℃ for fifteen minutes. The solution was left in a muffle furnace that had   

been warmed to 850℃ for thirty minutes. Calcination took place for a total of five hours at 

875℃. 

 

 

CHARACTERIZATION 

     Powder X-ray diffraction (PXRD) patterns of COBiFeO3 samples prepared by solution 

combustion method have been acquired within the 2θ range of 10-80º with a 2 θ step size of 

0.001. This study made use of an X-ray diffractrometer equipment called XPERT-PRO, 

which measures X-ray wavelengths (λ = 1.5406 Å). Powder X-ray Diffraction is utilized for 

the analysis of the structure of crystalline materials for the   identification of bulk phases and 

for the determination of the sizes of crystallites. FTIR spectrum for the powder sample of 

CoBiFeO3 was recorded in the frequency regime 400–4000 cm-1 at room temperature using 

Bruker IFS 66V FTIR spectrometer. 

     All of the UV-Vis diffused reflectance spectra of the materials were recorded on an 

Agilent technology A.8155 spectrophotometer with a range of (180nm-780nm), with bismuth 

serving as the standard. The morphological features have been observed with the aid of a 

scanning electron microscope (SEM: model JOEL-JSM 6360). To investigate the magnetic 

properties of the synthesized cobalt-doped bismuth ferrite nanoparticles, a Vibrating Sample 

Magnetometer (VSM) (Lakeshore, USA) was utilized. 

 

X-RAY DIFFRACTOMETER ANALYSIS 
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     Figure 1 shows the XRD pattern of the synthesized cobalt-doped Bismuth Ferrites powder 

calcined at a temperature of 875℃. The diffraction pattern was recorded at room temperature 

and atmospheric pressure. It can be seen that the XRD pattern is dominated by diffraction 

peaks from bismuth ferrite which agrees with the JCPDS data and earlier reported ones 15-

0806. Usually, CoBiFeO3 is formed with some secondary phases present along with the pure 

ones. The structural analysis is carried out by calculating the lattice parameters which are 

shown in Table 1. Table 1 shows the lattice parameters calculated for the calcined 

CoBiFeO3. Bismuth ferrite generally, crystallizes in the perovskite-type structure (α-BiFeO3) 

with rhombohedral space group R3C. From these outcomes, it was evident that there are no 

impurity peaks in the XRD pattern.  

Table 1 Lattice Parameters of CoBiFeO3     

Parameter Value sigma 95% conf 

a 4.16133 0.00038 0.00104 

b 4.29410 0.00054 0.00151 

c 13.95562 0.00207 0.00574 

cell volume 24.93753 0.00220 0.00890 

Distortion value(c/a) 3.353644 
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Figure 1 XRD pattern of CO-doped BiFeO3 

 

FOURIER TRANSFORM INFRARED ANALYSIS (FTIR) 

     Figure 2 shows the FT-IR spectra of CoBiFeO3 prepared by the conventional solution 

combustion technique. 

     Infrared spectroscopy is a technique that is applied exclusively to investigate the molecular 

bonding of a substance. The peak in the FTIR spectrum that corresponds to the vibrational 

frequency of atomic bonds can be found there. This assists in the determination of the bonds 

that are present in a substance. Figure  2 shows the FTIR plot of the CoBiFeO3 sample that 

was generated by the solution combustion technique and calcined at a temperature of 875 ℃. 

The stretching and bending vibrations of the Fe-O are responsible for the peaks that 

appear at positions 443 and 563 cm-1, respectively [16]. At a frequency of 563 cm-1, which is 

perpendicular to the [111] plane of the rhombohedral CoBiFeO3, oxygen atoms vibrate out of 

phase with one another. A Fe-O absorption peak may be found in CoBiFeO3 at a wavelength of 

810 cm-1 because of its high crystalline phase. The creation of perovskite structure is 

demonstrated by the links between metal and oxygen. The Bi-O vibration can be seen in the 
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IR peak that is below 1000 cm-1, which is 873 cm-1. The vibration of the Bi-O bond is 

responsible for producing the band that may be found at 1383 and 1442 cm-1 [17-18]. The 

many forms of vibrations in CoBiFeO3 that are responsible for giving rise to the FTIR 

spectrum are enumerated in table 2. 

 

TABLE 2 FTIR details of Cobalt doped Bismuth Ferrite 

Functional group Type of Vibration Characteristic Absorptions (cm-1) Intensity 

C-Br Stretching 500-600 Strong 

C-H Bending 675-1000 Strong 

C-O Stretching 1087-1124 Strong 

Figure 2 FT-IR spectra of COBiFeO3 

 

     The band at around 830 cm-1 is due to traces of trapped NO3- ions in CoBFO ferrite. 

Hence the formation of a perovskite structure can be confirmed by the presence of 

metal oxygen bond. 

 

UV-Vis ABSORPTION SPECTROSCOPY 
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     The spectral representation of the optical absorption of CoBiFeO3 is shown in Figure 3, 

which shows that it is capable of absorbing UV light. This particular spectrum can be 

observed right here. According to the spectra, nanoparticles of cobalt-doped bismuth show a 

large absorption in the UV-Vis range at 212 nm but only a moderate absorption in the region 

460-490 nm. This feature, which is present in the visible area, can be utilized in the 

photocatalytic activity that leads to the disintegration of organic molecules [19-22]. It is 

situated in the visible area. 

 

Figure 3 UV-Vis spectra of CoBiFeO3 

 

TRANSMISSION ELECTRON MICROSCOPE (TEM) 

     Transmission electron microscopy (TEM) image of (A) cobalt oxide (Co3O4) and (B) 

cobalt monoxide (CoO) nanoparticles (NPs), Both Co3O4 and CoO NPs showed spherical 

shape without porous structure. 

     It is important to remember that the TEM images are essentially two-dimensional 

projections of three-dimensional objects. In the light of presented TEM analyses of different 

nanomaterials, it can be stated with confidence that TEM offers a comprehensive recipe for 

their characterization. Specifically both the AC-TEM and AC-STEM techniques can be 

employed to image materials comprised of single atoms to small-size NPs. 
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     Although the surface area metric has been proposed as a possible dose metric for 

nanoparticles (NPs), it is limited to low-solubility NPs and the dose metric for high-solubility 

NPs is poorly understood [23-32].  

     We aimed to assess the appropriate dose-metric or response-metric for NPs using two 

cobalt (Co)-based NPs, cobalt monoxide (CoO) and cobalt oxide (Co3O4), which both show 

distinctive solubility though suitable electron beam conditions should be adapted for the 

imaging of materials having NPs of size 5 nm or close. In other words, for the imaging of 

atom clusters, the electron energy of 100 keV or less should be used during the analysis. 

     Last but certainly, not least, the ET analysis allows determining three-dimensional 

analyses of nanomaterials at the nanometer scales and can be useful in investigating the 

loading of small-size NPs onto larger-size host NPs. 

 

 

 

 

 

 

 

 

 

 

Figure 4 TEM Images of COBiFeO3 

  

EDAX ELEMENTAL ANALYSIS 

     Figure 5 shows the EDAX of CoBiFeO3 particles.  EDAX analysis of CoBiFeO3 reveals 

the presence of Co, Bi, Fe and O in the prepared sample as can be seen in Figure 5. The 

composition of the elements in the sample was 51%; 34%; 8%; and 6% for Bismuth; Iron; 

Cobalt and oxygen, respectively, in agreement with the stoichiometric values that were 

measured. The peaks at 0.525 and 2.32 KeV correspond to O and Co, respectively. The 

narrow peak at approximately 8 KeV is attributed to Fe, Bi and O. EDAX has been 

performed by several researchers for quantitative elements. 
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Figure 5 EDAX Images of COBiFeO3 

 

THERMAL ANALYSIS 

     The differential scanning calorimetry DSC measurements of the product CoBiFeO3 

are done to explore the influence of magnetic transition temperature. The results of this 

experiment are shown in the figure. In the TGA curve, it can be noticed that the heat-treated 

compound was obtained through the three stages of reaction progression. The first stage The 

CoBiFeO3 nanoparticles are deteriorating at a temperature (530 °C) is expected due to the 

solvent being heated at a rate of 10º per minute as the solvent in the reaction solution.  

     In the second stage the burning of organic materials might be attributed to the 

exothermic reaction that resulted in loss of mass between the temperature of (from 150 °C to 

300 °C) was recognized by auto-combustion of the reactant’s mixture. 

The observed DTA curve displays two high exothermic peaks between 250 and 550 

℃. According to the DSC CO curve, the temperature of 850 degrees Celsius marks the 

beginning of the melting point. 
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Figure 6 DSC Images of COBiFeO3 Nanoparticles VIBRATIONAL 

 

SAMPLE MAGNETOMETER ANALYSIS (VSM) 

     The magnetization of cobalt-doped bismuth ferrite nanoparticles at ambient temperature is 

shown in the image below as a function of the applied magnetic field. A large part of the 

magnetite particles is above the limit of ferromagnetism range 30 nm; thus the presence of a 

small hysteresis is expected. The curves are magnified at low external fields.  As the 

nanoparticles are embedded in the polymer matrix, they cannot reorient themselves 

individually.         This graph depicts the hysteresis loop that, similar to other perovskite materials 

[33- 36], demonstrates ferromagnetism. The values of the magnetic properties such as 

coercivity, magnetization, and retentivity are found to be 376.11 G, 54.07 x10-3 emu

and 19.69 x10-3 emu respectively. Since there is no distortion in the hysteresis loop, there is 

also no sign of any contaminants coming from it. 
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Figure 7 VSM of COBiFeO3 Nanoparticles 

 

CONCLUSION 

     In this specific study, the time-honoured method of solution combustion is used to carry out 

the activity of producing CoBiFeO3 ferrite material. Studies with XRD, TEM, FTIR, UV-Vis, 

EDAX, DSC, TGA and VSM were used to characterize the structural, optical, elemental 

composition, thermal and magnetic properties of newly synthesized ferrite materials. To have a 

deeper comprehension of the characteristics of the materials, this step has been taken. The 

findings that were acquired from each inquiry provide evidence that the material that was 

generated has a nanoscale structure, is extremely crystalline, and has a composition that is 

consistent throughout the entire material. It is possible to conclude that the material is used 

for photogenic studies such as catalysts and photocatalysts and it is also used in industrial 

applications due to its thermal stability and magnetic properties. The presence of peaks in the 

FTIR spectrum of the sample enables one to determine that the material in question is a 

perovskite. It is possible to infer from the magnetic curve that the substance in question 

possesses ferromagnetic properties. According to the report on the thermal investigation, the 

point at which the substance melted corresponds very closely with the figures that were 

provided. 

 

 

  

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 4

PAGE NO : 80



 
 

REFERENCES 

1. G. Catalan, J.F. Scott, Adv. Mater. 21, 2463–2485 (2009). 

2. S.W. Cheong, M. Mostovoy, Nat. Mater. 6, 13–20 (2007). 

3. N. Hur, S. Park, P.A. Sharma, J.S. Ahn, S. Guha, S.W. Nature 429, 392–395 (2004). 

4. R. Ramesh, N.A. Nat. Mater. 6, 21–29 (2007). 

5. J.F. Scott, Nat. Mater. 6, 256–257 (2007). 

6. S. Seki, X.Z. Yu, S. Ishiwata, Y. Tokura, Science 336, 198–201 (2012). 

7. J. Wang, J.B. Neaton, H. Zheng, V. Nagarajan, S.B. Ogale et al., Science 299, 1719–

1722 (2003). 

8. N.A. Spaldin, M. Fiebig, Science 309, 391–392 (2005). 

9. J.C. Yang, Q. He, P. Yu, Y.H. Chu, Ann. Rev. Mater. Res. 45, 249–275 (2015). 

10. M. Valant, A.‑K. Axelsson, N. Chem. Mater. 19, 5431–5436 (2007). 

11. J. Ma, J. Hu, Z. Li, C.‑W. Nan, Adv. Mater. 23, 1062–1087 (2011). 

12. A.M. IonesCO, Nat. Nanotechnol. 7, 83–85 (2012). 

13. M.H. Lee, D.J. Kim, J.S. Park, S.W. Kim, T.K. Song et al., Adv. Mater. 27, 6976–

6982 (2015). 

14. J.F. Scott, F.D. Morrison, M. Miyake, P. Zubko, Ferroelectrics 336,237–245 (2006). 

15. N.A. Spaldin, Science 304, 1606–1607 (2004). 

16. Mazumder, R., Bhattacharya, P. S. D., Choudhury, P., Sen, A., Raja, M., Appl. Phys. 

Lett., 91, 062510, 2007. 

17. Yang, C. H.,Kan, D., Takeuchi, I., Nagarajan, V., Seidel, , J., Phys. Chem. 

Chem. Phys.,14, 15953, 2012. 

18. Ederer, C., Spaldin, N. A., , Phys. Rev. B., 71, 224103, 2005. 

19. Gao, F., Chen, X., Yin, K., Dong, S., Ren, Z., Yuan, F., Yu, T., Zou, Z., Liu, J. M., 

Adv. Mater., 19, 2889, 2007. 

20. Kang TT, Hashimoto A, Yamamoto A. Appl Phys Lett 2008; 92(11): 111902. 

21. Liu BD, Bando Y, Tang CC, Golberg D, Xie RG, Sekiguchi T. Appl Phys Lett 2005; 

86: 083107. 

22. Chen W, Peng Q, Li Y. Cryst Growth Des 2008; 8(2): 564-567. 

23. Xu XJ, Zhou LH, Lu CZ.. Mater Lett 2007; 61(28): 4980-4983. 

24. Narayanaswamy A, Xu H, Pradhan N, Kim M, Peng X. J Am Chem Soc 2006; 

128(31): 10310-103193 

25. Xiaomin N, Yongfeng Z, Dayong T, Huagui Z, Xingwei W. J Cryst Growth 2007; 

306(2): 418-421. 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 4

PAGE NO : 81



 
 

26. Li G, Jiang L, Pang S, Peng H, Zhang Z.. J Phys Chem B 2006; 110(48): 24472- 

24475. 

27. Cao X, Lu Q, Xu X, Yan J, Zeng H. Mater Lett 2008, 62(17): 2567-2570. 

28. Dong L, Chu Y, Liu Y, Li M, Yang F, Li L. J Colloid Interface Sci 2006; 301(2): 503-

510. 

29. Das K, Datta A, Chaudhuri S. Des 2007; 7(8), 1547-1552. 

30. Ting-Ting K, Xianglin L, Ri Q. Appl Phys Lett 2006; 89(7): 071113. 

31. Qian L, Yang X. J Phys Chem B 2006; 110(33): 16672-16678 

32. Zheng Z, Xu B, Huang L, He L, Ni X. Solid State Sci 2008; 10(3): 316-320. 

33. Yufeng H, Guowen M, Ye Z,Nanotechnology 2006; 17(19): 5006-5012 

34. Yao WT, Yu SH, Liu SJ, Chen JP, Liu XM, Li FQ. J Phy Chem B 2006; 110(24): 

11704-11710. 

35. Tong Y, Liu Y, Dong L, et al. J Phys Chem B 2006; 110(41): 20263-20267. 

36. M. Sathish,V. Sathana, A.Venkatesan, S. David Amalraj, Anand Gaspar, M. Maria 

Julie, Jayabalan Jayaprakash, Asian Journal of Chemistry; Vol. 36, No. 2 (2024), 377-

383. 

 

FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 4

PAGE NO : 82


