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EFFECT OF MULTIWALLED CARBON NANOTUBES ON Co-Mn FERRITE
PREPARED BY CO-PRECIPITATION TECHNIQUE
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Multiwalled carbon nanotubes (MWCNTSs) are substituted in the soft ferrite
CogsMng sFe,04, With weight percent ratio of 1%, 5% and 9%. The effect of MWCNTSs on
the Structural, Thermal and Magnetic properties of Co-Mn ferrites is reported. The X-ray
diffraction analysis reveals the ferrite posses spinel cubic structure. Structural, Thermal
analysis of the MWCNTSs and Co-Mn ferrite composite are characterized by XRD, SEM
and TGA/DSC techniques. The sintered powder at 1000°C under atmospheric environment
shows spinel cubic structure. Particle size is observed by SEM ranging from 20 nm to
35nm. The magnetic properties are measured by using the Physical property measurements
(PPMS) technique. The Fourier transform infrared spectroscopy detects the presence of the
metallic compounds in the ferrite sample.
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1. Introduction

The third allotrope was carbon nanotubes (CNTSs), next to diamond and graphite which
were discovered in 1991[1].These possesses remarkable properties such as extremely high tensile
strengths (150-180GPa), ballistic thermal conduction (>300 w/mK for individual tubes), electric
modulus (640Gpa to 1Tpa) and high electrical conductivity [2-5] have been unveiled. To make
high frequency transformers, chokes, inductor coils, cores of audio frequency, magneto optical
displays, microwave absorbers, permanent magnets, gas sensors and wave guides in GHz range
were mostly prepared by ferrites [6, 7]. The synthesis process of MWCNTs/Ferrites started later as
compared to MWCNTSs/Polymer composites but it is not developed yet. The MWCNTSs/Ferrite
composites were prepared by a solid state reaction method. The well known magnetic compounds
are ferrites that have been studied for the potential application in magnetic recording media and in
microwave absorber devices due to their novel physical properties [8-11]. In the recent years
studies on the properties of Nano sized ferrite particles have drawn considerable interest because
of their fundamental importance in understanding the physical processes and their applications for
many technological purposes. Cobalt ferrites have emerged as one of the important ferromagnetic
materials because of their low eddy current losses and high electrical resistivity. These have cubic
spinel structure and are being extensively studied on the basis of their interesting magnetic and
electrical properties. The structural stability of the Nano sized particles of cobalt ferrite plays an
important role in technical applications. The chemical method of preparation has a great impact on
the physical and structural properties of the Nano sized constituents. The well chemical
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homogeneity in the Nano sized particles can be achieved by mixing them at the molecular level.
The synthesis of Nano sized particle has a major impact on the shape and size distribution. The
chemical routes of Nano sized particle preparation have emerged as a popular tool of synthesis for
spinel ferrites. Nano sized particles can be obtained by using the various preparation methods.
Among these the well known method of preparations of Nano sized particles are hydrothermal
synthesis [12-15], co-precipitation [16-20], sol-gel [21-24], spray drying [25], solid state micro
emulsion processes [26-28] and mechanical alloying [29-32]. Spinel ferrites have a numerous
applications in different fields like Ferro fluids, magnetic recording, magnetic resonance imaging
(MRI) and hot gas desulphurization etc. [33-36]. Spinel ferrites have the structural formula M
Fe,O,where M is divalent metal ion from the 3d transition elements like Cu, Ni, Zn, Co, Mn etc,
and a unit cell has 32 oxygen atoms in a cubic closest packing while octahedral and tetrahedral
sites are available for cations [37, 38]. Normally in a spinel structure, divalent M* cation enter at
the tetrahedral sites, and Fe®*ions occupy the octahedral sites. Intermediate configurations are
generally temperature dependent and are commonly defined by the inversion coefficient [38]. Co-
precipitation method is chosen in the present work for preparing Co-Mn ferrites. As it is easy and
convenient method to produce homogeneous Nano ferrites. It is well known fact that the ferrites
intrinsic properties largely depend on the method of preparation, chemical composition and cation
distribution. Crystalline structure of the composite Nano particles is characterized by XRD and
scanning electron microscope (SEM). The FT-IR spectrum of the ferrite sample is recorded to
make sure of the presence of the metallic compounds.

2. Experimental method and calculations

2.1 Materials

All the chemical re agents Co(NOs3),.6H,0, Mn(NO3),.6H,O and Ferric nitrate Nona
hydrate Fe(N03);.9H,O of Sigma Aldrich, Multiwalled carbon nanotubes (MWCNTSs) were
purchased from Shenzhen Nanotech Port Co. Ltd., and hydrochloric acid HCI, Nitric acid HNO;
were of Merck co. Germany. These acids are used to purify the MWCNTs. The length and
diameter of the MWCNTSs were 20um and 20nm, respectively.

2.2 Synthesis method

Nano crystalline Cobalt ferrites CogsMngsFe,O, were prepared by co-precipitation
method. The desired composition was obtained by taking stoichiometric amount of
Co(NOs),.6H,0, Mn(NOs),.6H,O and Fe(NOs)s.9H,O were dissolved in deionized water.
Ammonia solution was used to make the precipitate. The pH value of the solution becomes 10 and
it was stirred for at least 2hrs so that the solution becomes neutral. Put the solution in a sonicater
for 20 minutes then place it in the ultrasonic bath for a while so that precipitate will settle down
then filter it with a filter paper. Wash the precipitate with deionized water until it becomes free of
impurities. The product was dried at 100°C for 5 hours to remove water contents. The dried
powder was calcinated at 1000°C and mixed the ferrite with multiwall carbon nanotubes having
weight percentage ratio of 1%, 5% and 9%. Several strategies have already been developed over
the last decade to obtain MWCNTSs as a pure as possible, and to minimize the influence of
impurities on the performance of composites. Impurities can indeed affect the batch to batch
reproducibility of the results, and accordingly influence on the properties of the final composite.
The method we have used to purify the MWCNTS is by using the hydrochloric acid (HCI) and
nitric acid (HNO3) with 1:3 by volume as it is reported in the literature [39-41].

2.3 Characterization

The X-ray diffraction (XRD) patterns of the samples were recorded on a BRUKER X-ray
powder diffractometer using CuKo (1.54060A) radiation. The scans of the selected diffraction
peaks were carried out in the step mode. Scherrer’s method can be used to calculate the crystallite
size of the particles [42]. Thermo gravimetric studies (TG) and differential scanning calorimetric
studies (DSC) were done on SDTQ600 V8.2 Build 100, Module DSC-TGA standard, Inst Serial
0600-0109 and the heating rate was kept at 10 °C/min. The infra red (IR) spectrum of ferrite
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sample was recorded on Shimadzu Model 8201, Fourier Transform infra red (FTIR) in the range

of 4000cm™ to 450cm™ were recorded in the presence of KBr medium at room temperature.
Magnetic properties were measured by PPMS ACMS Option Version 1.0.9 Build 14.

2.4 Calculations
The lattice constant ‘a’ was determined by using the following relation:

a=dyVhZ + k2 + 2 1)

where dy is the distance between the adjacent Millar planes (h k I). dnq can be calculated by the
relation:

dhkl " 2sin@ (2)
with n =1 for the cubic system,
The X-ray density p,can be calculated by the help of Smit and Wijin relation [43].
ZM
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Where M is the molecular weight and N is the Avogadro’s number (6.023 x10%atoms/mol), Z is
the number of molecules pet unit cell (for oxide compounds with cubic spinel structure Z = 8) and
‘a’ is the lattice parameter in (cm). The average particle size was calculated by using the Scherrer’s

equation
_ 092

- pcosé (4)
Where D is crystallite size, A is the wavelength of the X-ray radiation, 0 is the Bragg’s angle, and
B is the line width at maximum height [44]. The porosity can be calculated by the following
relation

p= Px~Pm
ot )

Where p, the density is calculated by Eq. (3), and py, is the measured density. It can be calculated
by the following relation.

e (6)

Pm = nrt
Where M is the mass, t is the thickness and r is the radius of the pellet.

The X-ray diffraction of sintered Cobalt-Maganese ferrite sample sintered at 1000°C is
subject to calculate the average particle size using Debye —Scherrer formula. The crystalline
structures of composite Nano particles are characterized by Scanning Electron Microscope (SEM).

3. Results and discussions

The X-ray diffraction patterns of CoysMngsFe,O, powders fired at 1000°C. The x-ray
diffraction measurement shows that all peaks of CoysMngsFe,O, consist with those of a typical
spinel structure of a cobalt ferrite prepared by co-precipitation method. Fig.1 illustrates the XRD
patterns of the ferrite, carbon nanotubes composites having weight percent 1%, 5% and 9%. The
XRD pattern of the ferrite indicates that the material is based on cubic spinel crystal structure of
ferrite. The average crystallite size was in the range of 20-35nm. The strong diffraction peaks at 20
= 18.2°, 30.22°, 35.53°, 43.30°, 53.58°, 57.35°, 62.72°, 73.2°, 78.6° corresponds to (220), (311),
(222), (400), (422), (511), (440), (533), (444) typical planes of Co-Mn ferrite spinel structures with
face centered cubic phase according to the standard card JCPDS file no. 520278 [45, 46].
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In the XRD of Multi wall carbon nanotube, the broadened peak at 26 = 26.3° indicates that
the carbon nanotubes are present and no deformation takes place in their structure. In Fig. 1 all the
XRD patterns of the (a) ferrite (b) Multiwall Carbon Nanotubes (MWCNTS) (¢) composite which
is formed by mixing the ferrite with 1% weight ratio of multiwall carbon nanotubes (d) composite
which is formed by mixing the ferrite with 5% weight ratio of multiwall carbon nanotubes (e)
composite which is formed by mixing the ferrite with 9% weight ratio of multiwall carbon
nanotubes. The XRD pattern of MWCNTs (JCPGS 01-0640) purified by HCI and HNO; with
volume ratio 1:3 is shown in Fig. 1(b). The interplanner spacing corresponding to (002) plane is
found to be 3.35A like pure graphite. XRD patterns shows an increase in the intensity of (002)
plane peak, when we have mixed only 1% of MWCNTSs the (002) plane peak is not prominent but
on increasing the further amount of MWCNTS the (002) plane peaks become prominent especially
(100) plane peak and the main peak of the spinel cubic structure reduces in intensity due to the
percentage increase in of multiwalled carbon nanotubes and the reduction of the grain size. It
means that increasing amount of multiwall carbon nanotubes has a great influence on the structural
properties of the ferrite. The Scanning Electron Microscope (SEM) images are shown in Fig. 2.
The SEM image of a pure ferrite is shown in Fig. 2(a) and the images of the composites are shown
in Fig. 2(b-d) having percentage of multiwall composite 1%, 5% and 9%, respectively. SEM
images clearly indicate the increasing percentage of multiwalled carbon nanotubes. The SEM
image of a pure multiwall carbon nanotube is shown in Fig. 2(e). The images show that the
multiwall carbon nanotubes having hollow cylindrical structure make agglomerates. All the
obtained results are presented in Table 1.
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Fig. 1 XRD patterns of (a) Ferrite CopsMngsFe,O4, (b) Multiwall carbon nanotubes, (c) Composite with 1%
MWCNTSs, (d) Composite with 5% MWCNTSs (e) Composite with 9% MWCNTS.

Table 1. The lattice parameter ‘a’, Crystallite Size D(nm), X-ray density(gm/cm®), Actual density(gm/cm?)
and porosity values of Ferrite and composites are given below.

Sample Parameter Ferrite MWCNTs Compl% Comp 5% Comp 9%
Lattice Parameter ‘a’ (A) 8.30 5.20 5.10 5.02
Crystallite Size D (nm) 35 20 30 28 25
X-ray density (gm/cm®)  5.12 3.21 3.00 2.25
Actual density (gm/cm®)  3.15 0.02 1.95 1.05 0.45

Porosity (%) 0.385 0.393 0.65 0.8
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Fig.2 Scanning Electron Microscope (SEM) Images of (a) CogsMngsFe,04 (b) CogsMngsFe,0,4
MWCNTSs 1% (C) CogsMngsFe,04 MWCNTS 5%. (d) CogsMngysFe,04 MWCNTS 9%,
(e) MWCNTSs.

Thermo gravimetric studies (TG) and differential scanning calorimetric studies (DSC)
were done on SDTQ600 V8.2 Build 100, Module DSC-TGA standard, Inst Serial 0600-0109 and
the heating rate was kept at 10 °C/min. TGA-graphs of the samples show maximum weight loss in
the range of 500°C to 600°C. This may be due to dehydration/removal of OH ions and some
organic residues left in the sample. DSC curve of the sample show exothermic peak at 636°C
626°C, 627°C and 628°C, respectively. It may be due to the removal of the hydrocarbon residuals.
TG-DSC curves of the samples show the formation of crystalline phase in the temperature range
600 and above. The pure multiwall carbon nanotubes loss their weight after attaining a temperature
of 500°C, the weight loss is 98.16 % which means that the material remains stable until 500°C
temperature after it abruptly loss in weight takes place as it is depicted in Fig. 3(a).

The composite based on 1% carbon nanotubes gains 6.2% weight. The sample gains
weight after 300°C and this process continues till 575°C and it again losses its weight after
626.26°C and the loss in weight is 3.8% and it again gains weight due to the presence of metallic
ions that is shown in Fig. 3(b).

The composite based on 5% multiwall carbon nanotubes gains weight after 375°C up till a
temperature of 550°C. The increase in weight is 5.3% then it start to decrease till 650°C, the loss in
weight is 23.1 % and it attains a stable position which is depicted in Fig. 3(c).

The composite based on 9% multiwall carbon nanotubes gains weight after 250°C and it
gains a weight of 2.50% till 580°C then it again losses its weight of 43.3% till 650°C and later on
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the weight increases abruptly. It’s mean that loss in weight takes place after the addition of
MWCNTSs as it is depicted in Fig. 3(d). Multiwalled carbon nanotubes gain weight by the addition
of ferrite particles.
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Fig. 3 Thermo gravimetric (TG) and differential scanning calorimetric studies (DSC) (a) MWCNT, (b)
CogsMngsFe;04, MWCNT 1% (c) CogsMngsFe,04, MWCNT 5% (d) CogsMngsFe;04, MWCNT 9%
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Fig. 4 FT-IR spectrum of CogsMngsFe,0,

FTIR spectroscopy is a very useful technique to deduce the structural investigation and
redistribution of cations between octahedral and tetrahedral sites of the spinel structure in
C0gsMng sFe,0, nanoparticles. The band around 1373 cm™ is for C-H out of plane deformation
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vibration. The adsorbed water is featured by bands at 3418 cm™. The bands at 2363 cm™, 1624 cm’
! are assigned to the O-H stretching and H-O-H bonding modes of vibration, respectively. The
presence of band 525 cm™ is attributed to the stretching vibration of tetrahedral and octahedral
groups [47-49]. The sketch of the Fourier transform infrared spectroscopy is shown in Fig. 4.
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Fig.5 M-H curves for CoysMng sFe,0,4 and multiwall carbon nanotubes composites.

The specific M-H curve for ferrite multiwall carbon nanotube composite obtained from
physical property measurements (PPMs) technique is shown in Fig. 5. The sample exhibit linear
magnetization with small coercivety indicating that ferrite nanoparticles are super paramagnetic
the magnetic domains are based on randomly oriented non-interacting particles. The samples
cannot fully saturate at 8KOe, this thing indicate the presence of super paramagnetic and single
domain particles [47, 48].The values of saturation magnetization increased from 2.26 emu/g to
9.35emu/g with the increased percentage quantity of multiwall carbon nanotubes it may be due to
the decoupling effect. The coercivety value for the Nano composite increases from 48 Oe to 152
Oe, showing increased in magnetization results from very well interaction between Nano
crystalline CogsMngsFe,O4 and multiwall carbon nanotube.

4. Conclusions

Samples of Nano crystalline CosMngsFe,O4 has been successfully synthesized using co-
precipitation method and the effect of multiwall carbon nanotube composite have been studied.
Lattice parameter, density and crystallite size decreases with the increase of MWCNTSs
concentration. Porosity increases with the increase of MWCNTSs concentrations. DSC curves show
the exothermic peaks at 636°C, 626 °C, 627 °C, and 628 °C due to the removal of hydrocarbon
residues. XRD pattern indicates the ferrite is single phase with Face centered cubic structure. The
saturation magnetization increases from 2.26emu/g to 9.35emu/g with the increase of multiwall
carbon nanotubes due to the decoupling effect. The coercivity value increases from 480e to
1520e. The thermal stability and loss in weight of the material increase with the addition amount
of MWCNTs. The crystallite size range was 20nm to 35nm. Materials exhibit the super
paramagnetic behavior as reported by Subhash B. Kondawar et al and G. Murtaza et al [50, 51].
Ferrite and MWCNTs composites are suitable for the application of electromagnetic devices,
biomedical fields such as clinical diagnosis and electrochemical bio sensing. The presence of band
525cm™ is attributed to the stretching vibration of tetrahedral and octahedral groups
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