Available online at www.pelagiaresearchlibrary.com

4
4 ~ . .
N ’ R Pelagia Research Library
' Advances in Applied Science Research, 2012, 3 (972-2678
Library

Library
ISSN: 0976-8610
CODEN (USA): AASRFC

Structural and Electrical properties of M-type Nanocrystalline Aluminium
substituted Calcium Hexaferrites

Sanjay R. Gawalf", Kishor G. Rewatkar and Vivek M. Nanoti®

“Department Physics, Dr. Ambedkar College, Chandrajlaharashtra State, India (442401)
Department of Physics, Dr. Ambedkar College, Dikéthemi, Nagpur, Maharashtra State, India (440010)
°Priyadarshini College of Engineering, Nagpur, Mahahtra State, India (440019)

ABSTRACT

M-type calcium ferrites with substitution of *eby AP* were prepared by sol-gel auto-combustion technimye
blending nitrates as oxidants accompanied withsfligk urea as reducing agents. The powders weaeacterized
using XRD and TEM. The XRD analysis indicated thatformation of single phase substituted M-tyakeiom
hexaferrites. The average particle size of the mowdvere close to 94 nm. The electrical condugtiof the
synthesized samples was carried out by a four bg@method in the same temperature range i.e. 3608K3 K.
The value of Ing) of the samples decreases almost linearly witheiasing reciprocal temperature upto transition
temperature. The DC electrical resistivity of tlemples at room temperature was also increases iwittease in
the concentration of Al in the hexaferrite samples. The enhanced redigtofi the aluminium doped calcium
hexaferrite is potential applicant in microwave @®g. The drift mobility of samples was calculafesin the
electrical resistivity data.
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INTRODUCTION

Hexaferrites are classified into five types depegdin chemical formulae and crystal structure. €haslude M-
type (CaFgOig), W-type (CaMeFeO,7), X-type (CaMeFexOs), Y-type (CaMesFe;0), and Z-type
(CaMesFey041). Recently, synthesis of one-dimensional nanotire materials are one of the most exciting area
in materials science due to their unique physicaperty and their potential applications in nantsckevices and
has received considerable attention during the gastral year§l—2]. The researchers always attempt to invent
new nano materials which could directly or indihgdte used with a little improvisation into the niags of
advanced electronics nano gadd@is The gadgets include nanomemory in nanobots, ntiagsterage in set top
box in satellite communication, HDTV, high-densitpagnetic tapes, floppy disks, high-coercivity magnmedia,
analog and digital recorders, data retrievers, [edec.such electronics gadgets, magnetic materitd manoscaled
particles with very special magnetic traits is fheemost requirement. M-type calcium hexaferrited=&gO,9 has
been intensively studied as a material for permameagnets, high-density magnetic recording medid an
microwave devicept-5].

In this respect, several low-temperature chemiathods were investigated for the formation of tiltiea BaFg,0;9
particles. These methods comprised co-precipitaf®/], hydrothermal[8-9], sol-gel [10-11], combustion
[12,13], microemulsion[14], citrate precursofl5], glass crystallizatiorj16], sonochemica[17] and mechano-
chemical activatioifil8].
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An ideal technigue to synthesize calcium hexafesrghould include the following: facile operatitmy anneal or
calcine temperature, energy efficient and a sheattion time. In addition ultra fine powder paelwith narrow
particle size distribution, excellent chemical hamoeity and single magnetic domain are all the gntigs of an
ideal M type calcium hexaferrites. In currentesh module, we tried a new technique, the solageb-
combustion technique to synthesize calcium hexédepowders. It is in fact a particularly simplafe and rapid
process where in main advantages are high homadggehigih purity and time saving and ultra fine passl

MATERIALS AND METHODS

2.1. Sample preparations

The samples of M-type aluminium substituted calcibexaferrites with formula Cagfte ,-,O19 (x=0,2,4) were
synthesized by sol-gel auto-combustion techniqUée synthesis technique involves the combustiomedbx
mixture, in which metal nitrates acted as an oxmjzreactant and urea as a reducing reactant. mitial i
composition of solution containing metal nitratesl airea were based on the total oxidizing and rieducalences
of the oxidizer and the fuel using the conceming the concept of propellant chemidtt§].

The stoichiometric amounts of AR grade Ca@gy@H,O, Fe(NQ)s;-9H,O, and AI(NQ);.9H,O and urea
CO(NH,),, dissolved in an unionized distilled water at teeperature of 58C, were placed in a beaker. The
beaker containing the solution was introduced gtmicrowave oven. Initially the solution boils anddergoes
dehydration followed by decomposition with the exmn of a large volume of gases,(NNH;, and HNCO). After
the solution reaches the spontaneous combustidmegins burning and releases lots of heat, vaporagkethe
solution instantly and becomes a solid burningeatderatures above 10@ The entire combustion process which
produces aluminium substituted calcium hexafeptieder in microwave oven takes only few minutes.

2.2 Characterization

The crystalline structural analysis was performgdalPhillips X'pert Diffractometer (PW 1710) anding Cu-Ka
radiation source andk=1.5406 A with 40 mA 45 KV. The scanning angle rameps kept between 4@ 126. The
values of lattice constant ‘a’ and ‘c’, X-ray deySipy.ay), bulk density §), porosity (P) and the unit cell volume
(Vcen) were calculated by using following equations.
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Where, ‘a’ and ‘c’ are lattice constant, ‘M’ is tineolar mass, ‘m’ the mass of pellet, ‘r' radiustbé pellet, ‘N’
Avogadro’s number and ‘¥’ the unit cell volume.

The particle size of the samples was examined bsaasmission Electron Microscope (TEM) (Philips Mb&M
200).

As these ferrites have very high resistivity, se fiblur probe method was employed to study DC etettresistivity
of the said ferrites system in the temperature eaB@PK to 873 K. The DC electrical resistivity dff hhe samples
decreases with increasing temperature in accordaitieéArrhenius equation

P = pyexp (:?E]J (6)

Where, 'k’ is the Boltzmann constant, ‘T’ is temperature a:d’ is the activation energy, which is the energy
needed to release an electron from the ion forrgpjto neighboring ion, giving rise to the electlicanductivity.
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The activation energy of the aluminium substitutattium hexaferrites have been determined fronslbge of
plots of InE) versus temperature (1000/T) above and belowr#émsition temperature (T

The drift mobility () of all synthesized hexaferrite samples were ¢aled using the relation
1

Ha=— nep ™

Where, ‘e’ is the charge on the electrgsi,is the D.C. electrical resistivity at a given teenature and ‘n’ is the
concentration of charge carriers and can be caknifaom the relation

NA M pF‘e (8)
M

1T =

Where ‘Ny’ is the Avogadro’s numberpy,’ is the bulk density, ‘M’ is the molecular weigbf the sample, ‘R’ is
the number of iron atoms in the chemical formula.

RESULTS AND DISCUSSION

The diffraction pattern of samples were taken vithillips X'pert Diffractometer and CueKradiation with
wavelengthl. = 1.5406 A. The data was analyzed by using commdéiware PCPDF Win, Powder-X and Full
proof Suite. By comparing the patterns with JCPD8,phases in the different samples were determifteel XRD

patterns confirm the formation of M-type single plan hexagonal ferrites. The space group of tihegpkss was
observed to be RBnmc

(Fig. D).
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Fig.1: X-ray diffraction spectra of CaAl«Fe;>-O19: (2)x=0, (b)x=2 and x=4

Other parameters such as lattice constant (a &et)volume (V), X-ray densityp{.») and bulk densityp,) are
enumerated iTable 1 The lattice parameter ‘a’ and ‘c’ decreases witiminium content. This is due to relatively
small ionic radius of AT (0.53 A) comparing to that of #e(0.64 A) for six fold coordination. As a restthe cell
volume of calcium ferrite decreases after dopinghwAl™. The results agree well with the reported one by
Ounnunkad and Winotdik0] and Rewatkaf21] for Co-Al substituted calcium ferrite. Similar tré of
lattice parameters and cell volume was reportedSapg Won Led22] in La-Zn substituted Strontium
ferrite and Darokaf23] for Al and Co doped lithium hexaferrite . The X-ragnsity of the substituted
calcium hexaferrites also decreases with the iserégathe concentration of substituent as repadrtekhable 1. The
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enhancement in X-ray density on substitution ofralium is due to the smaller molar mass of the stuitsd
samples. The bulk density,() and the porosity (P) were also derived from refa8 and 4, respectively. The X-ray
density is higher than the bulk densipy.X which indicates the presence of pores in thetmgized samples. The
porosity increases while the bulk density decreas#sincrease in the Al content.

Table 1: Lattice constants a and c, cell volume (Mi),, X ray density (px-ray), bulk density (pm) and porosity (P) of CaAkFe1» 019 Samples

T Porosit
Substitution | Compound a cA V (A) 3 Preay P Y
P G | cd | vAD® | e | @l | o
x=0 CaFe,0Os¢ 5.8303| 22.1652 652.486R 5.1619 2.8842 44.13
x=2 CaAbFe O | 5.8167| 22.0932 647.336[L 4.9068 2.6000 47.01
X=4 CaAlFeO;¢ | 5.808¢ | 22.104! | 645.9000 | 4.63«0 | 2.450 47.81

Fig 2 shows TEM photographs of aluminium substituted ioatchexaferrite. The particle size of all hexater
samples synthesized by sol-gel auto-combustidmiqae is in nano-size with an average diameted4hm.

Fig.2: TEM photographs of CaAkFe;,_Oq. (a) X=0, (b) x=2 and x=4

Fig. 3 shows the graph of electrical conductivitydh{erses temperature (1) for all ferrites sample. It has be
seen from the figure that the value ofdp(decreases almost linearly with increasing recardemperature up to
transition temperature ()T where there a slight change in slope occur englots. The temperature where kink is
observed for the different composition of aluminiincalcium ferrites referred as transition tempae It can be
seen that the transition temperaturg) (@ which the kink is observed is in the neighlobadh of its Curie
temperature, hence the change in slope is attdidotenagnetic phase transition. Kulkarni and Prak24] reported
that a graph plotted for la) verses (1000/T) shows a linear behavior for GB&D,,. Went[25] observed a
minute change in the slope at Curie temperatu(@28K) in the plot of resistivity In) verses temperature ¢10)
for BaM ferrite, in contrast to the marked changesliope observed in the investigation. Table 2nshthe room
temperature resistivity and activation energy @ &i-substituted samples. The activation energshefsamples in
ferrimagnetic region is smaller than that in theapaagnetic region.

(@) (b)

1000/T (K 1000/T (K)
1.0 12 14 1.6 1.8 2.0 (2. 24 26 28 12 14 16 18 £;° 22 24 26
44 -13
v .
\ N
6 -14 \
\ \
\ \
8 \ 15
_ T \
O \ > \
€ -104 \ = \
\ \
124 N
12 . a7 N _
T -=- x=2
x=0 -184

2675
Pelagia Research Library



Sanjay R. Gawaliet al Adv. Appl. Sci. Res., 2012, 3(5): 2672-2678

©

1000/T (K)
1.0 1.2 1.4 1.6 1.8 2. 2.2 2.4 2.6

S11 4
-12 4 \
-13 o \

S14 4 \

In (o)

154
-16 N

S17 4

_18 4

Fig.3: Variation of In(6) with (1000/T) of CaAkFe»«O1s : (a)x=0, (b)x=2 and x=4

Table 2 Electrical resistivity and activation energy in Para and Ferri magnetic regions of Alsubstituted Calcium ferrite

Room Temperature Resistivit Activation Energy AE (eV)
Compounds p(M Q-cm) yP Ferri Para
CaAbLFeOig 20.9 0.35 151
CaAl,FeO;¢ 23.1 0.16 1.10

The variation in drift mobility with the temperatufor aluminium substituted calcium ferrite sampaswn in the
Fig. 4 These samples show a curvature at a specificaanpe i.e. the drift mobility increases with therease in
temperature and above the specific temperatuge The drift mobility increases abruptly with inese in the
temperature. The drift mobility of all the syntleesl samples decreases with increasing Al condémttaThe
decrease in drift mobility is due to increase isistvity by doping At*ions. These results can be explained on the
basis of the electrical resistivity data of theamples. As the electrical resistivity initially deases with the rise in
temperature below the transition temperature amyealhe transition temperature, the resistivityttfar decreases
for aluminium substituted calcium hexaferrite. Timitial increase in the drift mobility with increasin the
temperature is due to the decrease in the electassstivity in the temperature range which causeiicrease the
mobility of the charge carriers. The increase ift dnobility above transition temperature is duehe fact that the
electrical resistivity further decreases above thisperature and as a result the mobility of chaayeer increases
rapidly. The values of drift mobility of the sampldéth temperature are in agreement with that oletioy M. Javed
Igbal and M. Naeem Ashi@6] for Sr-hexaferrite nanomaterials.
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Fig. 4: Variation of drift mobility ( pg) with temperature (T) of CaAlFe 2014 (a) X=0, (b) Xx=2 and x=4
CONCLUSION

Single-phase M-type aluminium-substituted calciuexdferrite samples were synthesized by the solagéb-
combustion

technique. The X-ray diffraction studies confirhe tformation of M type hexaferrites and the ‘a’ acidvalues of
the sample supports this confirmation. Structutadiies have confirmed the space group of samples 86/mmc.
The dc electrical resistivity of all the sampleowid a gradual increase in the magnitude with aszein the
content of Al at room temperature. This is attréglito the fact that the substituted ions localized ions and this
localization induces Verwey-de Boer hopping meckmnbetween Fé and F&" ions. The increase in DC electrical
resistivity suggests that the synthesized matetitsbe used for applications in microwave devices.

The electrical conductivity of all the samplesfdand to be dependent on temperature. The adivatergy for all
the samples is found to be different for ferrimagneand paramagnetic regions. The activation endrgy
ferrimagnetic region is observed to be less tha ith paramagnetic region. The increase in drifbility above

transition temperature is due to the abrupt in@déashe mobility of charge carriers.
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