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ABSTRACT. This paper presents the synthesis of CoFe2O4 nanoparticles 
via a sol-gel combustion method. Nanoparticles with the grain size in the 
range of 20-70 nm were synthesized using hydrated nitrates of cobalt and 
iron, sucrose and pectin. Sucrose was used as a polycondensation agent for the 
formation of the gel. The reaction mechanism for the gel formation is discussed 
in the paper. The addition of pectin facilitated the formation of a hard gel through 
the drying of the precursor solution at 200oC. Through a thermogravimetric 
analysis on the gel, the temperature at which the entire organic part has 
decomposed is concluded. The fine black nanopowder was obtained after a 
thermal treatment of the gel at a temperature of 700oC. Infrared spectroscopy 
(FT-IR) highlighted the presence, respectively the absence of organic compounds 
before and after the thermal treatment. Structural, morphological and magnetic 
measurements were conducted using X-ray diffraction (XRD), transmission 
electron microscopy (TEM), vibrating sample magnetometer (VSM). 
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INTRODUCTION  

 
Given the various applications of CoFe2O4 spinel ferrite, in areas such 

as magnetic recording, magnetic fluids and micro wave devices [1,2], this paper 
explores the possibility of synthesizing said particles through a cost-effective, 
environmentally safe, sol-gel combustion method. 
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Adapting a technique proven successful in synthesizing other oxide 
nanoparticles such as NiO, ZrO2, La2O3, BaFe12O19 [3,4] a CoFe2O4 single 
phase fine powder was obtained. 

Recent studies have reported the successful synthesis of spinel cobalt 
ferrite through various other methods such as the precipitation method [5], the 
solvothermal method [6], the co-precipitation method [5], the hydrothermal 
method [7], and the sol-gel PVA method [8]. 

The reason behind studying and opting for this sol-gel route is that the 
reactants used for the process are cost effective, and the polycondensation and 
gelation agents (sucrose and pectin, respectively) are safe and environmentally 
friendly. 

Sucrose was utilized in the synthesis of nanopowders for various purposes: 
as a source of C for obtaining composites [9-11], as fuel for obtaining nanomaterials 
through the combustion method [12-22], and as a chelation agent for the sol-gel 
method [23-32]. 

Adapting the sucrose-pectin sol-gel method for obtaining CoFe2O4 following 
the drying of the precursor solution, a hard porous gel was obtained. For a thorough 
understanding of the calcination process that followed, a thermogravimetric analysis 
was conducted. Results from this analysis gave information regarding the quantitative 
and qualitative composition of the gel, and the temperatures at which the combustion 
reactions (organic decompositions) occur. 

X-ray diffraction and FT-IR techniques were used in order to characterize 
the structural properties and purity of the obtained powder and TEM imaging 
was used for the morphological characterization. 

By using these characterization methods, the study concludes that 
the sucrose-pectin sol-gel combustion method is viable in obtaining CoFe2O4 
nanoparticles with the grain size of 20-70 nm. 

 
 

RESULTS AND DISCUSSIONS 
 

The following mechanism was proposed for the formation of CoFe2O4 

nanoparticles: 
Global reaction: 

Co(NO3)2·4H2O + 2Fe(NO3)3·9H2O +nC12H22O11 + (12n-2)O2 →  
CoFe2O4 + 8NO2 + 12nCO2 + 11(n+2)H2O 

Thermal analysis of the gel decomposition  

The thermal analysis (Figure 1) describes the decomposition process 
of the gel. Correlating the TG curve with the process at hand, we attribute the 
different stages of weight loss as follows:  
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In the interval of 20-150oC, a 5.89 % weight loss is experienced, attributed 
to the evaporation of water present in the gel. 

The combustion of the gel takes place in the 150-471oC temperature 
range, in two stages. The first process, between 150-395 oC, is slightly exothermic 
and has a mass loss of approximately 51.17%. The second process, between 
395-471oC, is strongly exothermic and has a mass loss of 40.6%.  
 Above 471oC, no weight loss was recorded. 

 

 
 

Figure 1. Thermal analysis of the dried gel 
 

X-ray diffraction 

The structural characterization was carried out at room temperature by 
powder X-ray diffraction using a Bruker D8 Advance AXS diffractometer with Cu 
Κα radiation in the 2θ region 20o-70o. The crystallite sizes were calculated using 
the Debye-Scherrer formula:  

 cos
kλD  

where β is the peak full width at half maximum (in radians) at the observed 
peak angle θ, k is the crystallite shape factor (was considered 0.94) and λ is 
the X-ray wavelength. 

The X-ray diffraction pattern (Figure 2) shows that the CoFe2O4 

powder is in a single phase and well crystallized in the cubic spinel structure, 
with the lattice parameter of 8.382(3) A, obtained from Rietveld analysis. 
The broadened XRD maxima indicates that the crystallite size is in the 
nanometer range. The crystallite size calculated using the Debye-Scherrer 
formula is about 65 nm. 
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Figure 2. XRD pattern of the CoFe2O4 nanopowder 

FT-IR spectroscopy  

The FTIR spectra of the precursor and the thermally-treated samples 
have been presented in Figure 3. The peaks from the precursor spectra can 
be assigned to the main chemical groups of the starting reagents. The large band 
observed at approximately 3290 cm-1 is attributed to the stretching vibration - 
(OH) of water. The asymmetric asym(CH2) and the symmetric sym(CH2) 
stretching modes can be observed at 2932 and 2865 and are in good agreement 
with the literature [33,34]. The interaction between pectin and metal salts is shown 
by presence of the asymmetric asym(COO-) and the symmetric sym(COO-) 
stretching modes observed at 1630 and 1340 cm-1 that correspond to the carboxylic 
anions coordinated by the metal ions. The difference in their frequencies 
(COO-)=asym(COO-)-sym(COO-) is around 290 cm-1 suggesting a bidentate 
coordination between the carboxylate and metal ions. [35] The band at 1539 cm-1 
is attributed to the stretching vibration of NO2- group, while the CH2 wagging mode 
is observed at 1447 cm-1. In the 1100-600 cm-1 domain the precursor spectrum 
presents bands corresponding to symmetric stretching mode of C-O-C group 
(1037 cm-1) and to the wagging mode of C-O bond (778 cm-1). The high intensity 
band observed in the 600-350 cm-1 domain is assigned to the stretching modes of 
metal-oxygen bonds. The FTIR spectrum of the thermally treated sample 
confirms the decomposition of the organic part and the stretching vibrations 
corresponding to the metal – oxygen bonds increase in intensities.  
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Figure 3. FT-IR spectra of the dried gel (black) and the CoFe2O4 powder (red). 

Transmission electron microscopy 

The TEM analysis presented in Figure 4 reveals mildly agglomerate pseudo-
spherical particles with a grain size ranging between 20 – 75 nm. 

 

    
 

Figure 4. TEM images of the CoFe2O4 nanoparticles at a scale of 5 nm (a),  
and 50 nm (b) 

  

(a) (b) 
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Vibrating sample magnetometer 

Figure 5 shows the field dependence of magnetization for CoFe2O4 
nanoparticles at room temperature. For the CoFe2O4 nanoparticles the value of 
the saturation magnetization (Ms) and coercivity (Hc) are found as ∼1.2 emu/g and ∼55 Oe respectively. The small value of the coercivity of CoFe2O4 nanoparticles 
indicates that these nanoparticles are near the superparamagnetic limit. The M(H) 
curve also contains a linear part at higher fields indicating a very significant 
paramagnetic contribution to the magnetization. 
 

 
 

Figure 5. Magnetic hysteresis loops for CoFe2O4 nanoparticles at room temperature. 
 
 

CONCLUSIONS 
 

Through this endeavor it has been proven that CoFe2O4 nanoparticles 
can be synthesized via the sol-gel, pectin-sucrose route. This method has potential 
value considering these organic compounds are non-toxic, cheap and available at 
an industrial scale. Also it is worth mentioning that by proving that CoFe2O4 can 
be synthesized through this method, it has again been validated that the sol-gel 
method has immense applicability, is versatile and could be used for synthesizing 
various other systems. 

Following the information in this paper the process could be easily 
adapted at a large scale.  

The thermogravimetric analysis, besides giving information about the 
decomposition of the gel can prove useful in devising calcination diagrams for this 
kind of products.  
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Using X-ray diffraction and FT-IR spectroscopy it has been proved that the 
obtained powder is a single phase spinel CoFe2O4 ferrite. 

TEM imaging has permitted the precise view regarding the size and shape 
of the obtained particles. The results showed mildly agglomerate particles with a 
grain size of 20-75 nm.  

The small value of coercivity of CoFe2O4 nanoparticles indicates that 
these nanoparticles are near the superparamagnetic limit. 
 
 
 
EXPERIMENTAL SECTION 

Synthesis of CoFe2O4 ferrite nanoparticles  

The CoFe2O4 nanoparticles, were obtained via the sol-gel method, 
using sucrose as a poly-condensation agent and pectin as a gelation agent. 
In order to synthesize 2 mmols of CoFe2O4, 2 mmols of Co(NO3)2·4H2O and  
4 mmols of Fe(NO3)3·9H2O, respectively, were separately dissolved in Milli-Q 
water. The solutions were heated to 60oC and vigorously stirred. The quantity 
of water needed was deduced by slowly adding droplets to the solutions until 
the full dissolution of the precursor salts. As the pre-mentioned solutions were 
getting thoroughly homogenized, 14.6 mmols of sucrose were dissolved in 50 ml 
Milli-Q water. The obtained sucrose solution was halved, and each half was mixed 
with the precursor solutions under strong magnetic stirring, lowering the temperature 
to 40oC. After 30 minutes the two solutions were mixed, continuing the strong 
magnetic stirring. Following the homogenization of the solution, pectin was 
added in a quantity of 1:5 weight ratio - pectin: sucrose. After 20 minutes of stirring, 
using a 1 M solution of nitric acid, the pH was fixed to be in the range of 1.5-3. 
This final solution was poured in a ceramic capsule and subjected to drying at 
80 oC for 24 hours and at 200 oC for another 24 hours. After the annealing of 
the gel at 700oC for 2 hours, a fine black powder was obtained. 

 

Analysis Techniques 

Thermogravimetry and differential thermal analysis (TG/DTA) curves 
were recorded with a thermal analyzer TA Instruments SDT Q600 up to 800oC, in 
air, at a heating rate of 10oC/min, using Al2O3 as a reference. 
 The structural characterization has been carried out at room temperature 
by powder X-ray diffraction using a Bruker D8 Advance AXS diffractometer 
with Cu Κα radiation in the 2θ region 20o-70o. 
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 FT-IR spectral analysis was conducted using a Nicolet 6700 FT-IR 
Spectrometer. 
 The high-resolution images were obtained using a Tecnai G2 F30 S TWIN 
transmission electron microscope, TEM, (FEI, Nederlands), equipped with a 
STEM/HAADF detector. The microscope operates at an acceleration voltage 
of 300 kV (Schottky field emitter) with a TEM point resolution of 2 Å nm and a 
TEM line resolution of 1 Å. 
 The magnetization properties were studied using a vibrating sample 
magnetometer (VSM Lake Shore). 
 
ACKNOWLEDGMENTS 
 

This work was conducted with the collaboration between, Babes-Bolyai 
University`s Faculty of Chemistry and Chemical Engineering, Faculty of Physics 
and Group C4S of the Technical University of Cluj-Napoca, as part of a research 
scholarship project. 
 
 
 

R E F E R E N C E S 
 
 
[1]. B.M. Berkovsky, V.F. Medvedev, M.F. Krakov, Magnetic Fluids: Engineering 

Applications, Oxford University Press, Oxford, 1993; 
[2]. A. Goldman, Modern Ferrite Technology, Van Nostrand Reinhold, New York, 

1993; 
[3]. C. Suciu, A. Vik, F. Goga, E. Dorolti, R. Tetean, A.C. Hoffmann, Studia UBB Chemia, 

2009, LIV, 4, 261-271; 
[4]. C. Suciu, A.C. Hoffmann, P. Kosinski, Journal of Materials Processing Technology 

2008, 202, 316–320; 
[5]. M. Houshiar, F. Zebhi, Z.J. Razi, A. Alidoust, Z. Askari, Journal of Magnetism and 

Magnetic Materials, 2014, 371, 43-48; 
[6]. A. Baykal, H. Deligöz, H. Sozeri, Z. Durmus, M.S. Toprak, Journal of Superconductivity 

and Novel Magnetism, 2012, 25:1879–1892; 
[7]. D. Zhao, X. Wu, H. Guan, E. Han, Journal of Supercritical Fluids, 2007, 42, 226–233; 
[8]. M. Sivakumar, S. Kanagesan, R. Suresh Babu, S. Jesurani, R. Velmurugan, C. 

Thirupathi, T. Kalaivani, Journal of Materials Science: Materials in Electronics, 
2012, 23:1045–1049; 

[9]. R. Mohammad-Rahimi, H.R. Rezaie, A. Nemati, Ceramics International, 2011, 
37, 1681-1688; 

[10]. Seung-Ah Hong, Su Jin Kim, Kyung Yoon Chung, Youn-Woo Lee, Jaehoon 
Kim, Byung-In Sang, Chemical Engineering Journal, 2013, 229, 313–323; 



SYNTHESIS OF COBALT FERRITE NANOPARTICLES VIA A SOL-GEL COMBUSTION METHOD  
 
 

 
221 

[11]. Li Wang, Wenting Sun, Xianyi Tang, Xiankun Huang, Xiangming He, Jianjun Li, 
Qingwu Zhang, Jian Gao, Guangyu Tian, Shoushan Fan, Journal of Power; Sources, 
2013, 244, 94-100; 

[12]. Jun Yang,∗, Xiaoci Li, Junyi Zhou, Yu Tang, Yuanming Zhang, Yongwang Li 
Journal of Alloys and Compounds 2011, 509, 9271– 9277; 

[13]. R. Nagaraja, Nagaraju Kottam, C.R. Girija, B.M. Nagabhushana, Powder 
Technology, 2012, 215-216, 91–97; 

[14]. Mohamed Aklalouch, José Manuel Amarilla, Rosa M. Rojas, Ismael Saadoune, 
José María Rojo, Journal of Power Sources, 2008,185, 501–511; 

[15]. M.A. Gabal, E.A. Al-Harthy, Y.M. Al Angari, M. Abdel Salam, A.M. Asiri, Journal 
of Magnetismand Magnetic Materials, 2016, 407,175–181; 

[16]. Ibram Ganesh, Paula M.C. Torres, J.M.F. Ferreira, Ceramics International, 2009 
35, 1173–1179; 

[17]. Abdelfattah Mahmouda, Jose Manuel Amarilla, Karima Lasri, Ismael Saadoune 
Electrochimica Acta, 2013, 93,163-172; 

[18]. M.A. Gabal, A.A. Al-Juaid, S.M. Al-Rashed, M.A. Hussein, F. Al-Marzouki, Journal, 
of Magnetism and Magnetic Materials, dx.doi.org/10.1016/j.jmmm. 2016, 10.147; 

[19]. Cheng-Gong Han, Chunyu Zhu, Genki Saito, Tomohiro Akiyama, Advanced 
Powder Technology, 2015, 26, 665–671; 

[20]. Seung-Beob Yi, Hoon-Taek Chung, Ho-Gi Kim, Electrochemistry Communications, 
2007, 9, 591–595; 

[21]. G. Ramakrishna, H. Nagabhushana, D.V. Sunitha, S.C. Prashantha, S.C. Sharma, 
B.M. Nagabhushana, Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 2014, 127, 177–184; 

[22]. J.G.S. Duque, E.A. Souza, C.T. Meneses, L. Kubota, Physica B, 2007, 398, 
287–290; 

[23]. E.A. Souza, J.G.S. Duque, L. Kubota, C.T. Meneses, Journal of Physics and 
Chemistry of Solids, 2007, 68, 594–599; 

[24]. S.F. Wang, X.T. Zu, G.Z. Sun, D.M. Li, C.D. He, X. Xiang, W. Liu, S.B. Han, S. 
Li, Ceramics International: http//dx.doi.org/10.1016/j. ceramint. 2016, 09.075;  

[25]. Zahra Negahdari, Ali Saberi, Monika Willert-Porada, Journal of Alloys and 
Compounds, 2009, 485, 367–371; 

[26]. M. Mozafari, M. Gholipourmalekabadi, N.P.S. Chauhan, N. Jalali, S. Asgari, J.C. 
Caicedoa, A. Hamlekhan, A.M. Urbanska, Materials Science and  Engineering 
2015, C 50, 117–123; 

[27]. J. Jadhav, S. Biswas, A.K. Yadav, S.N. Jha, D. Bhattacharyya, Journal of Alloys 
and Compounds, 2017, 696, 28- 41; 

[28]. A.G. Khaledi, S. Afshar, H.S. Jahromi, Materials Chemistry and Physics, 2012, 
135, 855-862; 

[29]. A. Alhaji, R. Shoja Razavi, A. Ghasemi, M.R. Loghman-Estarki, Ceramics International, 
http://dx.doi.org/10.1016/j.ceramint.2016.11.057; 

[30]. Ali Majedi, Fatemeh Davar, Alireza Abbasi, Journal of Industrial and Engineering 
Chemistry, 2014, 20, 4215–4223; 

[31]. K. Agilandeswari, A. Ruban Kumar, Advanced Powder Technology, 2014, 25, 904–
909; 



R.-A. BORTNIC, F. GOGA, A. MESAROŞ, M. NASUI, B. S. VASILE, D. ROXANA, A. AVRAM 
 
 

 
222 

[32]. D. Gingasu, I. Mandru, O.C. Mocioiu, S. Preda, N. Stanica, L. Patron, A Ianculescu, 
O. Oprea, S. Nita, I. Paraschivescu, M. Popa, C. Saviuc, C. Bleontu, M.C. Chifiriuc, 
Materials Chemistry and Physics, 2016, 182, 219-230; 

[33]. A.B. Brizuela, L.C. Bichara, E. Romano, A. Yurquina, S. Locatelli, S.A. Brandán, 
Carbohydrate Research, 2012, 361, 212–218; 

[34]. K. Elen, A. Kelchtermans, H. Van den Rul,R. Peeters, J. Mullens, A. Hardy, 
M.K. Van Bael, J. Nanomater., 2011, 1/1, 18. 


