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ABSTRACT

Cadmium cobalferrite nanoparticles with a chemical formula of,Cd.,F&O, (x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 & 0.6) (CCF) were
prepared via the citratgel auto combustion method followed by annealing at 773 Kelvin for 4 hrs in air. Further, the samples w
charactered for structural, morphological, elemental, functional group, electrical and thermoelectric properties analysisayrhe >
diffraction patterns showed the single phase cubic structure. The crystalline size of the syntheSiddér@i@s nanoparticls found

in the range of 11 to17 nm. In addition, with an increase of Cd content, we noticed that lattice constantsr@) dadsity (¢) values
were increasing from 0.84190.8496 nm and 5.2225.777 g/c.c., respectively. Morphological propertieravexamined by scanning
el ectron microscopy (SEM) & Transmi ssi fn aalde otcp) deehuemtiesawe® 5 ¢
observed at around 4000 cni'. The electric and dielectric properties such asdletrical conductivt y) ,( Gdi el ect r i «
dielectric loss (U") and t her moaldwaemperature of 30D W,ehe samplas axpress dypes
semiconducting nature due t o haviivegalueal bigh empenatare sudgesting theypes h i
semiconducting behavior. Moreover, the magnetic Cuaiesition temperatures were determined as a function of composition and not
to be decreasing from 75353 K respectively.
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1. INTRODUCTION

Ferrites having their specialized characteristics like low|dthese ferrites and ferrite based specimen. Among various
electrical conductivity and electrical losses...etc, variation at [losearchers, to explain structural, morphological, optical propertie:
to high frequencies creates distinguished industrial employmeartd magnetic properties of CoBg nanoparticles, Houshiar et al.
with advanced technology [1]. Specifically, these were qui{8] synthesized and compared physical properties of £aFe
useful for filters, satellite communication, magnetic tapesanoparticles using different synthesis techniques suchutas a
memory devices, electrical components, antenna devjcesmbustion, ceprecipitation, and precipitation methods. The
permanent magnets, soft magnets, humidity sensors, gas senstntsined results evaluated the variation of phase transformatiol
photo catalyst, ferrfluids, transformer & inductor cores, drugwith respect to synthesis techniques.
delivery system, actuators, microwave absorbers, magnetic =~ At most recent, Steiret al. [9] synthesized CoR©,
recording media, magnetic hyperthermia treatment, magpetanoparticles and discussed theperparamagnetic nature of
caloric refrigeration, magnetic resonance imaging (MRI), RADARoFeO, nanopatrticles. Besides, the -Glo ferrites [10], LiCo
absorbers, aircrafts, electromagnetic shields etc [1, 2]. Howegviarrites [11], CeCr ferrites [12], ZrCo ferrites [13], CeCo
the nanoferrites we almost confined to microwave devigeferrites [1] etc., Studied for the development of electrical and
applications (phase shifters, circulators, isolators) because of|theagnetic properties of Cok®,. In thepresent study, the authors
considerable low electrical conductivity and dielectric losse$ mitended to prepare and characterize theGGdnanoferrites via
gigahertz frequency range [1, 3]. In nowadays, it has becpritrategel autocombustion method. In fact, this synthesis
challenging to combl the electrical conductivity at high technique provides more advantages over other methods such
frequencies. But nevertheless, the efforts have been going priegs time & power consumption, relativelyow operating
achieve the required properties. The above quoted applicationstaraperatures, good homogeneity and inexpensive [11]. It was
remarkably dependent on various factors like synthesis |adleéar from the literature survey that there very limited
method of characterizatid4, 5]. investigations were found on electrical and thermoelectric

Ferrites are generally AB, (A refers some divalent properties of CaCo nanoferrites. Therefore, a much attention was
cations and B indicates ¥} spinel structured materials [6, 7].carried out to discuss the electrical and thermoelectric properties &
Several scientists focused on reportthg different properties off length.
2. MATERIALS AND METHODS

The cadmium cobalt nanoferrites (CCF) prepared througtadmium Nitrate 99% pure (CdNg), Cobalt Nitrate (CoNg)-
citrate gel auto combustion method. Tiav materials such at 99% purity, Ferric Nitrate (Fe(N§y .9H,O) with 99% purity,
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Citric acid99.5% Pure (gHg0,.H,0), and Ammonia solutior] brown colored product which was a desired sample. The collecte

(NH3). As per the calculated stoichiometric ratio theosen

ferrite powder was subjected ¢alcinations at 50T for 4 hrs and

nitrates were weighed and dissolved in distilled water to get ¢ldater on, these powders were characterized using few technique
homogeneous solution. The citric acid is used as a fuel due [ositeh as Xray diffractometer (Bruker »Ray Powder Diffraction

good complexing ability from all othe other fuels. The 1:3 rati

Meter, Cy y o 0.15406 nm), Tr ans

maintained for metal nitrate to citric acid imetpresent synthesis (TEM: Model Tecnai G20, FEI, U§, Scanning Electron

for all the samples, and nitratérate solution was obtained to thatMicroscope (Ultra 55 SEM Carl Zeiss), #R spectrophotometer
ammonia (NH) solutions were added drop by drop to maintain pKIR affinity-1, Shimadzu), LCR controller (HIOKI 353&0), two

= 7. The solution of mixer was heated by continuous stirring up poobe experiment and thermoelectric measurement for structural

100°C for 1012 hours. Then viscaugel was formed. Again watgr morphological,

functional groups, dielectricdc-electrical

contained mixture was evaporated and it was converted as dfy g@iductivity and thermoelectric properties.
and further the internal combustion was taken place. It formed a

3. RESULTS
3.1. XRD analysis.

The X-ray diffraction technique was used in order to confimve i ght ,

O6M6 is the
Avogdyraasd

CoO
Daib

effective atoms peruntt e | |
ONO i s

singlephase cubic spinel structure formation of CCF nanoparticlédtice constant [12]. The results were listed in Table.1.The Fig.3
as shown in Figure.1l. Themereno additional secondary phaseshowed lhe behavior of xay density (¢) versus Cetontent. It is

were observed. The results obtained from diffraction patter
Cd,CoFe0, (x = 0-0.6) showed the (hkl) values related to

reflection planes (220), (311), (400), (422), (511), and (440) T
reflection planes were good agreement with the standard JQ
card no 521798. The average crystallite size was determi

using standard Scherrer for
width half ma x i ma ( FWHIM)sources
(0.15406 nm) and d is diffq

values of crystallite size for synthesized samples were give
Table 1.In the table, the crystallite size was changing from 11
24 nm of the various Gdontents. The variation trend is noted
be almost unsystematic. This is attributed to the unsysten

bticed that this numerical value is increasing from 51282777
@/c.c. with increase of dopant concentration. Thaydensity (¢)
esas depending on the lattice parameter and molecular weight o
P& sample. From the table, one can observe that molecular weigl
nexf the sample was increasing with -€dntent and lattice
mpararaeterDras dlso Biaeadng with dhe increlase rofe@tbht. |
~ This snay beadueetd tieeragger valueo df ato@ia weight of cadmium

glLe2¢ igra/mol) and dekser atpniicd Weight of -&&.% gmémol)o b
n[i6]. The experimental density of the prepared samples was

lwal cul ated by Archimedes6 pr i
tdollowing relation.
natic o $ A1 GEa (@) A

variation of deVeIOped microstrain during the reaction. The Iaﬂ“q&le percentage of porosity (P) of the ferrite Samp'e was founc

parameter (a) of all the synthesized compositions of (
measured using the formula a = d€H?*1%) * and were given in
the Table.1. A plot was drown between the lattice param
versus cadmium composition and was shown in Figure.2. It
observedthat variation of lattice constant with €dcontent in
Cd,CoFe0, (x = 0.00.6), increased with Cdontent. The
increasing of the lattice parameter is observed from 0.841
0.8496 nm as a function of

replacemenby larger ionic radii Ctf (0.99 A) in to smaller ionic
radii C&* ions (0.78 A). This proportional variation indicated th
the CoCd ferrite system agr e¢d
Furthermore, with the help of a formula; ¢ ZM/N&, the

LGlsing the relation

0 [

eter pmT(2)
wabere dis the Xray density &dis the experimental density. It

can be understood that the higher-c@aitents revealed high
porosity percentage when compared with low-dddtents. The
gresults ensured that the porosity of x = 0.4 & 0.5 contents
Phsgrved te hei~ § % which is higher thhe rest affie goptents, ¢
This may be attributed to the considerable pore content for thos
afompositions. However, during the heating process, the pore

frastipps willpe reduged gs;aregul of the grgigarowthy |

iS

theoretical dengy (d) was cal cul ated, W

here 6Z6 is the number of

Table 1Crystalline size (D), Lattice parameter (a}ya§ density (), Expert density (g, Porosity (P)

Ferrite Composition (E) (grglxc.c) (ng?/EC.C) o (cm?) g (cm?)
CoFeO,
Cdy 1Coy F60, 11.12 8.466 5.253 5.193 1.14 672 382
Cdy,Coy F6,0, 14.00 8.468 5.362 5.300 1.15 563 356
Cdy:Coy F60, 14.62 8.470 5.491 5.394 1.7 561 372
Cdy .CoyFe0, 14.62 8.476 5.584 5.318 4.7 570 381
CdysCoy sF60, 14.62 8.485 5.683 5.451 4.1 569 374
Cdy ¢Coy 4F60, 17.82 8.496 5.777 5.619 2.7 559 352
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Figure 1. XRD pattern of CdCo, FeO,nanocrystalline ferrites
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Figure 2. Lattice parameter vs Cd composition
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Latter, the grain size was observed to be altering from 52 to 15(
nm. Further, the hidden elements of the materials were observe
using EDS spectra (Fig.5). The indicated spectra of EDS showe
existence of Co, Cd, Fe & O elements without any impurities. The
morphology was examined using TEM and pictures were shown ir
Fig.6. It was apparently seen that the x 0.6 compositions
showed well defined homogeneous spherical nanopatrticles. Ir
addition, the nanoparticles were very close to each othel
manifesting the agglomeration. The magnetic interactions among
the nanoparticles we responsible for this agglomeration.
Furthermore, the particle size was observed to be varying from 1:
to 68 nm.
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Figure 3. X-ray density vs Cd concentration
3.2. Surface Morphol ogy
Cd,CoFe0, (x = 0-0.6) samples morphology analysis wj

done by usinga scanning electron microscope and Transmisgi

electron microscopy. The micrographs were taken at diffe
magnifications and were shown in Figure.4. All materials reve

hlec

the presence of clustered as well as few flat plates like grains
Moreover, the closely associated grains were seen contalnir
agglomeration which may be due to the interaction betweer] th
synthesized nanoparticles [4]. The homogeneously distribute(

grains were noticed for all the nanomaterials. It was @lScC .-
evidenced that x =-0.6 samples performed very low pore fractipn. |

Page 4754



Structural, morphological and electronic properties of Cadmium Cobalt Ferrite nanoparticles

2

EWT = 15.00 W Mags 250KX 2 c < B

ul Scale 630 cts Cursor 0.000

-

&

ull Scale 630 cts Cursor: 0.000

2 4

EMT = 1500 W Mag= H00KX Dute 27 2018 -

WO= 85mm  Sigral A= SE1 19424 ull Seale 690 cts Cursor: 0.000

EMT = 1600 &V Mag= 280KX

WOu100mm  SguiA=gEt sokinieg ull Scale £ cts Cursor; 0.000
Figure 4. SEM micrographs of G€o, ,FeO,ferrites samples at
(x=0.0to 0.6)
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Figure 5.EDS of CdCo,.«Fe,0,nanoferrites
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Figure 6.TEM pictures of CdCo, xFe0,nanoferrites
3. 3. FTI R Spectral Analysis
The FTIR spectra in Figure.7 cleared the spinel structure
the formation two kinds of characteristic absorption bands found
at around 672 chh (" 1) and 352 cit (" ,). These were associatgd
withthe stretching vibrations of tetrahedral-$&e) and octahedral
(B-site) sites respectively. Thus, the formation of single phase

cubic spinel structure of ferrites was confirmed [11]. Fr

Figure.7, it was idntified that the shifting of band position (600

cm?®) towards lower wavelength region which was due to

increase of Cd ions in ferrite and further preferably they may

occupy the Asite [12]. However, C38 ions will have strong
preference to occupy-Bite [12].

with

DIM

the
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