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ABSTRACT
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Cobalt Ferrite (CoFe204) nanoparticles (NPs) were prepared by Sol-Gel
precipitation method. Two samples were synthesized and sintered with
different sintering temperatures, sample A at 400 °C and sample B at 800
°C for two hours. The prepared samples were characterized by XRD,
FTIR, SEM, and AFM, Compressive test and Micro-hardness. The result
showed as the sintering temperatures increased, the crystallite size
increased from 10.07 nm to 15.14 nm. FTIR spectra showed two strong
absorption bands in the range of 800 - 400 cm-1, confirmed formation of
spinel ferrites NPs. SEM and AFM micrographs showed that the samples
have an approximately spherical shape. The mechanical properties of
CoFe204 NPs were not widely studied. Therefore, in this work, the
mechanical properties (Compressive strength and Micro-hardness) of
prepared material studied as an important contribution for researchers to
focus on mechanical properties of CoFe204 NPs. Where the mechanical
result showed that both the compressive strength was increased (from 4.42
to 10.57 N/mm?2) and Micro-hardness (from 10.33 to 174.4 N/mm2) with
increasing sintering temperature.
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1. Introduction

Nano sized spinel ferrite particles have attracted more attentiveness in the last few years because of their
properties; therefore, it is used in many applications in high-density magnetic recording, magnetic fluids,
gas sensors, etc. [1]. Preparation method, chemical composition, heat treatment have a strong affected on
the magnetic and dielectric properties of the Cobalt Ferrite NPs [2]. Moreover the ferrite nanoparticles,
Cobalt Ferrite has been extensively studied due to their properties include large magnetic anisotropy, high
coactivity value up to (5.4 kOe), moderate saturation magnetization (80 emu g™'), excellent chemical
stability, and a mechanical hardness, that makes it an important candidate for many applications [3-5].
Bulk CoFe,0, has an inverse spinel structure in which ideally half of the trivalent ferric anions (Fe™) are

47


mailto:rihabjabbar@yahoo.com
mailto:sabahhabeeb@gmail.com
mailto:awham_m@yahoo.com
https://doi.org/10.30684/etj.v38i2B.252
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-3287-9588
https://orcid.org/0000-0003-3369-9092
https://orcid.org/0000-0002-3287-9588
https://orcid.org/0000-0003-3369-9092

Engineering and Technology Journal Vol. 38, Part B, (2020), No. 02, Pages 47-53

positioned on tetrahedral (A-site) and the other half Fe™ cations and all divalent cobalt cations (Co*?) on
octahedral (B-site). An inverse spinel unit cell is made up of eight face-centered cubic (FCC) cells of
oxygen ions in the arrangement (8). Accordingly, CoFe,O4 has also 8 sublattices (molecules) in its unit cell
with 32 anions and 24 cations, which are ideally distributed at room temperature [6]. Due to the great
properties of CoFe,O,, it is used in many applications such as catalysts, Ferro fluid, drug delivery,
magnetic resonance imaging (MRI), magnetic separation, biosensors and hyperthermia and gas sensors [7].
Nanoparticles Cobalt Ferrite can by synthesis by many chemical and/or physical methods include; Sol-Gel
auto-combustion, co-precipitation, high energy milling, etc. [8]. Amongst chemical synthesis methods, the
Sol-Gel method widely used due to their advantages over other preparation methods. These advantages
include; low cost, simple, high purity, good stoichiometric control, and narrow size distribution [9].
Nanoparticles prepared by different physical and chemical methods found wide applications in many fields
including the medical, electronic, and environment. [10] prepared Cobalt Ferrite nanoparticles by the Sol-
Gel method and study the effect of four different sintering temperatures on the structural and magnetic
properties of the CoFe,0,. The results showed that the crystallite size and saturation magnetization were
found to increase with sintering temperatures. [11] found the same results with a different range of the
sintering temperatures (500°C to 1100°C). [12] synthesized nano-crystalline Cobalt Ferrite by Sol-Gel auto
combustion method.” It was found that the particle size and magnetic properties of the as-prepared ferrite
samples showed a strong dependence on the annealing temperature. [13] synthesized of CoFe,O4
nanoparticles via a Sol-Gel combustion method. X-ray diffraction pattern shows that the CoFe,O, powder
is in a single phase and well crystallized in the cubic spinel structure, and the grain size in the range of 20-
70 nm. [14] synthesized CoFe,O, nanoparticles via a Sol-Gel method. They found that the particle size and
saturation magnetization increase with the increase of sintering temperature. [15] synthesized silver
nanoparticles were prepared from two natural sources; pomegranate peel extract and cochineal dye by
solution-phase method. The crystalline size ranged between (27.8 — 36 nm). [16] prepared cubic zirconium
oxide nano-crystals by thermal decomposition method. Results showed that synthesized ZrO, nanoparticles
have a cubic structure. [17] prepared Silver Vanadium Oxide via a facile sonochemical route. SEM, TEM,
and XRD results showed that AgO nanoparticles were formed onto AgVO; nanorods in the presence of
ethanol, cyclohexanol, dimethylsulfoxide (DMSO). [18] synthesized Mercury Selenide (HgSe)
nanoparticles by a sonochemical method. It was found that morphology, particle size and phase of the
products could be greatly affected by type of capping agent, ultrasonic power, reaction time and
temperature. [19] reported preparation and characterization of spherical silica nanoparticles synthesized via
a sonochemical a method based on a modified Stober process. Results showed that the average particles
size ranged between (100 — 300 nm).

The mechanical properties of the nanoparticles in general was not widely studied, especially Cobalt Ferrite
nanoparticles. Therefore, in this work, CoFe,O4 nanoparticles will prepare via Sol-Gel precipitation.
Investigations on the crystallite size, morphology, in addition to mechanical properties have been studied
with X-ray diffraction (XRD), Fourier-Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscopy (SEM), Atomic Force Microscopy (AFM), and the mechanical properties studied with
Compressive test and Micro-hardness.

2. Experimental
L Synthesis

CoFe,0,4 nanoparticles were synthesized by the Sol-Gel method. A stoichiometric ratio of Ferric Chloride
“FeCl;” (8 gm) and Cobalt Chloride ”CoCl,.6H,0” (6 gm) provided from (BDH) with purity above 97 %)
were dissolved separately in (50 ml) of distilled water using a magnetic stirrer. Then, (2M) Sodium
Hydroxide (NaOH) solution prepared by dissolved (8 gm) of NaOH in (100 ml) of distilled water. Then,
added into mixture slowly like a drop with continuous stirring for 90 min. Then, the mixture was heated to
(100 5 °C) for two hours with continuous stirring, the solution converts gradually to wet gel with black
color then the wet gel converted completely to powder. The obtained powder was washed fives time with
ethanol and distilled water to remove Sodium Chloride (NaCl) and any other impurities. The prepared
powder was sintered at (400 °C for A-sample and 800 °C for B-sample) for two hours using furnace type
Nabertherm GmbH — Germany.

1I. Characterization Studies

The structural properties of prepared CoFe,O, nanoparticles were investigated by X-ray diffraction using
Philips PW 1050 X-ray diffractometer of A = 1.5 A° from Cu-ka. The crystallite size (D), lattice constant
(a), X-ray density (pX) and specific surface area (S) were calculated. The chemical compounded in
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samples was observed by FTIR type (SHIMADZU) with wavelength in range (400 — 4000 cm™). The
surface morphology was investigated by (SEM) type (INSPECT S50 (FEI) -Netherlands) and Atomic force
microscope (AFM) type (CSPM-AA3000 Japan) while the mechanical properties was carried out on pellet
with (1cm) in diameter prepared by pressed (1 gm) by hydraulic piston by force equal to (1 ton) for 2
minutes.

3. Results and Discussion
1. Structural Analysis

The XRD patterns of CoFe,O, nanoparticles sintered at 400 °C and 800 °C are shown in Figure 1. The
obtained pattern compared with standard data (JCPDS PDF card No. 22-1086) which confirmed the
formation of Cobalt Ferrite NPs. The crystallite size (D) of the samples was calculated from the bordering

peak of XRD pattern using the Scherrer relation [20]:
0921

:ﬁcose (1)

The lattice constant (a) was estimated from outstanding peak (311) used Bragg’s relation:
a= dhkl \/h2 + k2 + 12 (2)

The X-ray density (px) estimate using the following equation:
px= 3)

Where (M) is the molecular weight, (N) is Avogadro’s number and (a) is the lattice constant.
Specific surface area (surface area per unit mass) can be calculated by the following relation [20].

_ 6000
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The porosity for all the samples was calculated using the following formula [21]:

_ . em
P=1- 2 (5)

Crystallite size (D), lattice constant (a), X-ray density, Specific surface area (S) and porosity (P) of the
prepared samples tabulated in the Table 1. XRD results indicated that the CoFe,O4 has cubic spinal
structure also it can be seen that the crystallite size was increased with increasing sintering temperatures
this in agreement with Sheena X. et al. [10], Raghvendra et al. [11] and Lunhong et al. [12]. Many reports
showed that the sintering process mostly lowering lattice defect and strain, however, this technique is the
reason behind the coalescence of smaller grains, causing an increase of average grain size for the
nanoparticles [22].

Figures 2a and 2b showed FTIR spectra of Cobalt Ferrite nanoparticles annealed at 400 °C and 800 °C
respectively. FTIR spectrum of the CoFe,O4 nanoparticles showed weak bands at (3404.47, 3419.90 cm™)
for sample A and (3425.69, 3576.14 cm™) for sample B which were assigned to the stretching vibrations of
(OH) group on the surface of nanoparticles. CO, absorption observed at (1516.10, 1556.61, 1639.55,
1699.34 cm™ for A) and (1510.31, 1562.39, 1658.84 cm™ for B). The aliphatic and aromatic C—H bond
stretching is assigned around (2316.58 — 2877.99 cm™). C-H stretching band observed at 2877.89 for A-
sample and (3030 cm™) for B-sample. The bands at 1057.03 cm™ for A sample is assigned to the formation
of Co-substituted spinel ferrites [23]. Figure (2 a), the band spotted at 499.85 cm™ attributed to octahedral
group complexes, while the band 592.17 cm™ attributed to the tetrahedral group complexes. In Figure (2b),
the bands observed at 443.64m 484.15 cm™ attributed to the tetrahedral group complexes, while bands at
582.52, 592.17 cm™ assigned to the tetrahedral group complexes. This confirms the formation of Cobalt
Ferrite with cubic spinal structure. Due to the strong relationship between the structural properties of
Cobalt Ferrite nanoparticles with their magnetic and dielectric properties, it is recommended to study
magnetic and dielectric properties with the sintering temperatures and their correlation with the structural
properties.
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Figure 1: XRD patterns of CoFe,0, sintered at 400 °C, (b) 800 °C

Table 1: XRD parameters of CoFe,0,, Specific surface area and porosity

Annealing Crystallite size D lattice parameter X-ray density py ~ Specific surface Porosity
Temperature (°C) (nm) a (nm) (g/em’) area (m”/g)
400 10.07 0.8187 5.6809 104.88 0.6557
800 15.14 0.8183 5.6884 69.66 0.4989
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Figure 2:(A) FTIR of CoFe,0, annealed at 400 °C and (B) FTIR of CoFe,0, annealed at 800 °C

Figure 3: SEM images of samples annealed at (A) 400 °C and (B) 800 °C
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Figure 4: 3D AFM images of CoFe,0, at different annealing temperature (A) 400 °C and (B) 800 °C

11. Morphological study

Figure 3 showed SEM micrograph of CoFe204 samples sintered at (A= 400 °C) and (B = 800 °C). The
images showed that A-sample has flat shape while B-sample has a spherical shape, also it showed both
samples were agglomerate which is the property of nanoparticles [24].

Figure 4 showed the three dimensional AFM images of which annealed at different temperature (A) 400 °C
and (B) 800 °C. It is clear that the particles have a spherical shape. The average grain size found to be
increase while surface roughness and root mean square decreased with increasing the sintering
temperatures as shown in the Table 2.

1I. Mechanical properties

Linear shrinkage (longitudinal) is a measure of the change in the length of the dimensions of the
specimen after drying and sintering processes also it determined the shape and size of the final product.
Linear shrinkage (longitudinal) describes the sensitivity of the specimen towards our burning process and
is calculated by the following relationship:

L.S. %= L‘;L x 100 % (6)
Volumetric shrinkage is calculated in the same style of relationship (6)
V.S = V;;V x 100% (7)

Density is also known as the relationship between the mass (weight) of material are the size and is given
by [25]:
. 3 Mass (gm)

Density (gm/ cm’) = Vorume (em3) ®)
Table 3 shows the linear, volume shrinkage and density of CoFe,O4 with different annealing temperatures.
It is clear that the linear and volume shrinkage increased with increasing the sintering temperature. This
due to decrease in the porosity and gaps, voids when the temperature increasing, because the linear
shrinkage and volume shrinkage is affected by two factors including the particle
size and the melting temperature of some grains that leads to create leak of the viscous liquid that works to
collect the grains together, close the pores and increase the density.
Compressive strength of the body is known as the ability to resist loads that are applied to it. It is

calculated from the following relationship [25]:
of = F/A 9)

When the load is applied to the diameter of the specimen, the (Indirect Tensile Strength) is calculated from
the relationship:

of = 2F/ nhd (10)

Where: of = the resistance strength (Compressive strength), /' = the maximum load after the specimen
starts failure, d = the diameter of the specimen, and / = the thickness of the specimen.
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Table 2: Average grain size, surface roughness, and Root mean square of CoFe,O, by AFM

Annealing Temperature (°C)  Grain size (nm) Roughness (nm) Root mean square (nm)

400 85.93 5.49 6.32
800 118.93 0.393 0.444

Table 3: Density, Linear shrinkage and volume shrinkage of CoFe,0,

Annealing Temperature(°C)  Linear shrinkage ~Volume shrinkage Density (g/cm’)

400 0.0048 0.0146 1.95
800 0.1285 0.3412 2.85

Hardness defines the resistance of the material to penetration. There are many methods to measure the
hardness, but it is very appropriate to use the Vickers Test for brittle material like ferrite. Vickers hardness
relationship:

HV = 1.844 F/d’ (11)

Where: F = the magnitude of the applied load (N).

d = the average of the diameter (arithmetic average of the diagonal polygon quadrilateral) (m).

Vickers hardness method was developed by using a very small microscopic indenter known as (Micro-
Hardness Test). This type is commonly used in product material due to the presence of fine pores which
cannot estimate the impact on the hardness therefore, this method is used [26,27].
From Table (4), it is noticed that both of the compressive strength and hardness of CoFe,O4 NPs were
increased with increasing the sintering temperature from 400 °C to 800 °C due to a decrease in the
apparent porosity and then increase in force of bonding and the density of samples where the porosity
decreased from 0.65 to 0.49 for samples sintering at 400 °C and 800 °C, respectively [28].

Table 4: Compression strength and Microhardness of CoFe,0,

Annealing Temperature (°C) ~ Compression (N/mm?)  Microhardness (N/mm?) Shore D
400 4.42 10.33 34.56
800 10.57 147.4 40.43

4. Conclusions

CoFe,04 nanoparticles were prepared successfully by the Sol-Gel method, this makes the Sol-Gel
technique an inexpensive and simple method used to prepared material with narrow crystallite size. FTIR is
a useful technique to know the compounds found in the prepared sample that cannot observe by XRD
diffraction, FTIR spectra was confirmed the formation of cubic spinal structure of CoFe,O, NPs. SEM and
AFM images confirmed grain growth of NPs with increased sintering temperature. Porosity found to
decrease and as a result the density of the samples increased with increase in the sintering temperatures.
Both the compressive strength and hardness increase with increase the sintering temperature due to the
decrease in the defect, porosity and improvement of the crystal structure. This work pushed the
researchers to investigation the mechanical properties of the nanoparticles specially Cobalt Ferrite
nanoparticles.

References

[1] G. E Veena, P.AJoy, LA. Al-Omari, K. D. Sakthi, Y. Yasuhiko and M.R. Anantharaman, “On the structural,
magnetic and electrical properties of sol-gel derived nanosized cobalt ferrite,” Journal of Alloys compd., V 485, 711—
717.2009.

[2] G. E Veena, P.A. Joy, I.LA. Al-Omari, K. D. Sakthi and Y. Yasuhiko, “Inverse magnetocaloric effect in sol-gel
derived nanosized cobalt ferrite,” Appl. Phys. A: Materials Science & Processing, V 99, No 2, 497-503, 2010

[3] S. Nilmoung, P. Kidkhunthod, S. Pinitsoontorn, S. Rujirawat, R. Yimnirun, and S. Maensiri, “Fabrication,
structural, and magnetic properties of electrospun carbon/cobalt ferrite (C/CoFe,O4) composite nanofiber,” J Mater
Sci. Process, V 119,141-150. 2015.

[4] S. Mirzaee, S. F. Shayesteh and S. Mahdavifar, “Anisotropy investigation of cobalt ferrite nanoparticles
embedded in polyvinyl alcohol matrix: A Monte Carlo study,” Polymer, V 55, 3713-3719, 2014.

52



Engineering and Technology Journal Vol. 38, Part B, (2020), No. 02, Pages 47-53

[5] R. Topkaya, U. Kurtan, Y. Junejo and A. Baykal, “Sol-Gel auto-combustion synthesis of CoFe ,04/1-methyl-2-
pyrrolidone nanocomposite with ethylene glycol: its magnetic characterization," Mater. Res. Bulletin, V 48, 3247-
3253.2013.

[6] Z. Yue, Y. Zhi, Y. Di, L. Yong, and L. F. Chun, "Composition and magnetic properties of cobalt ferrite
nanoparticles prepared by the co-precipitation method,” J.Magn.Magn.Mater, V 322, 3470-3475, 2010.

[7] S. Amiri and H. Shokrollahi, "The role of cobalt ferrite magnetic nanoparticles in medical science,” J. of Mate.
Sci. and Eng. V 33,1-8. 2013.

[8] K. Pawan, S. K. Sharma, M. Knobel, and M. Singh, “Effect of La" doping on electric, dielectric and magnetic
properties of cobalt ferrite processed by co-precipitation technique," J. Alloy's compound, V 508, 115-118. 2010.

[9] C.J. Brinker, G.W. Scherer ed "Sol-Gel Science,” Academic Press, Boston, 1990.

[10] X. Sheena, T. Smitha, P. Binu , E. Mohammed “Effect of sintering temperature on the structural and magnetic
properties of cobalt ferrite nanoparticle,” Nanosystem; Phys., Chem., Math., Vol 4, 430-437, 2013.

[11] S. Raghvendra, K. Ivo, V. Jarmila¢< H. Jaromir, M. Jiri, K. Lukas, T. Jakub, S. Jitic E. Vojtéch and, H. Miroslava,
“Impact of grain size and structural changes on magnetic, dielectric, electrical, impedance and modulus spectroscopic
characteristics of CoFe,04 nanoparticles synthesized by honey mediated sol-gel combustion method,” Adv. Nat. Sci.:
Nanoscience. Nanotechnology. Vol .8, 14, 2017.

[12] A. Lunhong and J. Jing ”Influence of annealing temperature on formation, microstructure and magnetic
properties of spinal nanocrystalline cobalt ferrite,” Cur. App. Phy., Vol.10, 284-288, 2010.

[13] R. Bortnic, G. Firuta, M. Amalia, N. Mircea, S. Bogdan, R. Dudric, A. Alexandra ”Synthesis of Cobalt Ferrite
nanoparticles via a Sol-Gel combustion method”, Studia Ubb Chem., Vol.4, 213 — 222, 2016.

[14] C. Grish, R. Srivastavab, R. Reddyc, H. Agrawalb “Effect of sintering temperature on magnetization and
Mossbauer parameters of cobalt ferrite nanoparticles,” J. of Mag. and Mag. Mater. Vol. 427, 225-229, 2017.

[15] M. Goudarzil, N. Mi, M. Mousavi, S. Bagheri M. Salavati “Biosynthesis and characterization of silver
nanoparticles prepared from two novel natural precursors by facile thermal decomposition methods,” Scientific
reports, Vol 6, 32539, 2016.

[16] M. Salavati, M. Dadkhah , F. Davar “Synthesis and characterization of pure cubic zirconium oxide nanocrystals
by decomposition of bis-aqua, tris-acetylacetonato zirconium (IV) nitrate as new precursor complex,” Inorganica
Chimica Acta, Vol. 362, 3969—3974, 20009.

[17] F. Mohandes and M. Salavati “Sonochemical synthesis of silver vanadium oxide micro/nanorods: Solvent and
surfactant effects,” Ultrasonics Sonochemistry, Vol. 20, 354-365, 2013.

[18] M. Esmaecili-Zare, M. Salavati, A. Sobhani “Simple sonochemical synthesis and characterization of HgSe
nanoparticles,” Ultrasonics Sonochemistry Vol. 19, 1079-1086, 2012.

[19] T. Gholami, M. Salavati, M. Bazarganipour, E. Noori “Synthesis and characterization of spherical silica
nanoparticles by modified Stober process assisted by organic ligand,” Superlattices and Microstructures Vol. 61, 33—
41,2013.

[20] K. Hemaunt, R. SrivaSsava, P. Negi, H. M. Agrawal, and K. Asokan, “Dielectric behavior of cobalt ferries
nanoparticles,” Inter. J of Elec. and Elec. Eng., V 2, 59-66, 2013.

[21] I. H. Gul, A. Z. Abbasi, F. Amin, M. Anisurrchman, and A. Magsood, “Structural, magnetic and electrical
properties of Co;_ZnFe,04 synthesized by co-precipitation method,” J. Magn. Magn. Matter. V 311, 494-499. 2007.

[22] T. P. Raming, A. Winnubust, C. Van Kats and P. Philipse, “The synthesis and magnetic properties of nanosized
hematite particles,” J. Colloid Interface Sci. V 249, 346, 2002.

[23] P. PuliSova, J. Kovac, A. Voigt and P. Raschman, "Structure and magnetic properties of Co and Ni nano-ferrites
prepared by a two-step direct micro emulsions synthesis,” J of Mag. and Mag. Mater. V 341, 93-99. 2013.

[24] W. Ryan and C. Radford, “White Wares, production, testing, and quality control,” The Institute of Ceramics
Pergamon Press, UK. 191-232. 1987.

[25] L. Frank and F. Y.Wang, “Treatise on materials science and technology,” ceramics fabrication processes by
Academics press, New York, V 9, 252, 1976.

[26] M. Ashby and F. Jones, “Engineering materials: An introduction to their properties and Application,” Oxford, V
34, 78-81. 1980.

[27] Clauser, “Industrial and engineering materials,” McGraw- Hill, Tokyo, 56-59, 1975.
[28] T. Ilmah and K. S. Mazdiyasni, “Mechanical properties of mullite,” J.Am.Ceram.Soc. 1983, 66, 699-703, 1983.

53



