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ABSTRACT

A series of nanometer-size @dn,.,F&0, ferrite samples, with (x=0.0, 0.2, 0.4, 0.6, A.Bwere prepared using
the co-precipitation method. The samples were ®gitled with varying calcinations temperature over tange of
600-1278C. The synthesis conditions have strongly influehae the crystal structure, crystallite size, mitrocture, and
electrical properties. The powders obtained werradterized by X-ray diffraction (XRD) and Fourigansformation
infrared (FTIR) spectroscopy. For the crystallineicture investigated, single cubic spinel is gdiméhen the precursor
was decomposed at 800-100@) whereas separated crystal CuO formed when adicis temperature is below 800.
The IR absorption spectra analyses were used #oddection and confirmation of the chemical boimdspinel ferrites.
The D.C. electrical conductivity of the samples wasasured as a function of temperature. The teriyveraand time of
reaction during synthesis has been shown to ptigterministic role in obtaining the semiconductingde in the required
size regime with improved.

KEYWORDS: Nanoparticles, Ferritespfrared Spectroscopy)C Electrical Measurements
INTRODUCTION

Nanoparticle ferrites are among the most importaagnetic materials that can be widely used in nfaigs.
Finite-size and surface effects, in addition torges in the degree of inversion, cause nanofertitedisplay novel
magnetic behaviors[1-3].By virtue of magnetic anthsconducting properties, Cu ferrite (CuBg) and its solid solutions
with other ferrites are widely used in electromdustry. Moreover, ferrites have gained more immuée because they

possess the combined properties of magnetic mistana insulators.

It is a well-known fact that the properties of fexmmaterials are strongly influenced by the mat&ricomposition
and microstructure, which are sensitive to the graiion method used in their synthesis [4]. In &ddj the sintering

conditions employed and the impurity levels presemtr added to these materials also change thepegties [5,6].

The present investigation is devoted to the studthe physical and structural properties of thg@uw_ ,Fe,0,
where (x=0.0, 0.2, 0.4, 0.6, 0.8, 1) prepared feylthw temperature co-precipitation route. The sas@re investigated

using X-ray, Fourier transforms infrared (FTIR) spescopy and the D.C. electrical conductivity.
Experimental

The proposed Cu-Mn ferrite was prepared by co-pietion method using pure materials: copper régatron
nitrates, and manganese nitrate solution in maltos. These materials were dissolved in distilleder separately and

then added together. After that one mole of NaOH diasolved in 1 L of distilled water and addedhe dissolved salts
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slowly with vigorous stirring till all metal catienprecipitated. The pH of the final slurry was ¢alfg adjusted to 10.
The precipitate was filtered and washed with déstilwater and allowed to dry in furnace at €10This method was
successfully used to prepare samples with the ad#&rformula, Cy,Mn,Fe0,, the prepared samples were heated in a
muffle furnace at 600, 700 and 880 for 5 h. The sample sannealed at (1275, 1275),12%50, 1050, 1050)C for
(x=0.0, 0.2, 0.4, 0.6, 0.8, 1), respectively fooail2 h.

X-ray powder diffractograms were recorded, CurKdiation (»:1.541838,&) was used as a constant source of
radiation. The generator was operated at 35 KvV2ahthA. Infrared (IR) spectroscopic study was perfed in the present
study in the range 400-4000 ¢rithe DC conductivity measurements were done usiogprobe method.

RESULTS AND DISCUSSIONS
X-ray Diffraction

Phase formation of the Mn-Cu ferrite nanoparticdedlifferent calcinations temperatures was provedBD
studies. As shown in Figure 1, the broadening oDXpeaks indicate the nanometric crystallite sizeth&f prepared

samples. The broadening of the peaks decreasedneifasing temperature, which means that theghagize increase.

The XRD data were analyzed using full-prof refinenand the obtained phases formed in different sesngt
different calcinations temperature, the latticeapagters and space groups were summarized in Tabldl Jrofile fitting
including a base line of the diffraction patternsrevdone assuming pseudo Lorentzian line shapehvaticounts for the
asymmetry for each peak, from which the Bragg angdak intensity, and the angular width at half mmwm intensity
were determined [3]. The crystallite size (D) wastireated from XRD line broadening after accountifog the

instrumental broadening using Scherrer method laadiata were given in Tablel.

Figure 2 shows the relation between the latticestaont and particle size with temperature for thepasition
Mng 4Cluy 6F€,0,4, Which is similar for all the other samples. A®win, the mean crystallite size increase, whilel#tice
constant decrease with increasing of calcinatiengperature. The lattice expansion correspondsiegative pressure that
was probably produced by the strong repulsive aaton of the parallel surface defect magnetic idipat small particle
sizes. Similar nanoscale lattice modifications hdeen observed in other magnetic systems [7, 8]pa&sible
rearrangement of Be Cu**, Mn®" ions between the tetrahedral and octahedral siless place. This variation in the

structure might play a signification role in codlirgg both the magnetic parameters and the sanggsistivity [9].
IR - Spectroscopy

Infrared spectra of the copper manganese ferritgpkes were analyzed in the frequency range (40@}%061".

Figure 3 shows the FTIR spectra of,8un,,Fe0, (x=0.0, 0.2, 0.4, 0.6, 0.8, 1) calcined at difféaréemperatures.
The existence of the characteristic bands of*N1300 crit indicated that the N®as a group exists in the structure of
the mixed solution formed from metal nitrates. Haads at 1600 cimand the broad feature between 3500 and 360D cm
are ascribed to stretching modes H-O-H bendingatidor of the residue water [10]. It is correspomalghe hydroxyl
groups attached by the hydrogen bonds to the iradeosurface and the water molecules chemicallyrmsl to the
magnetic particle surface (associated water confét}. The strength of the IR absorption bandsesponding to O-H
group, carboxyl group and NO, disappeared completely by increasing the sirgei@mperature. The disappearances of
the characteristic bands of y&ion in the spectra suggests that {\@ns take part in the reaction and are almost burnt

out during the process.
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The two absorption bands below 1000 tmeen in the spectra are characteristic of alledpierrites [12].
The first frequency band,at around (569-541) cfand the second frequency bandt around (413-400) were assigned
to tetrahedral J and octahedral (sites, respectively. The broadening is commonlyeobed for inverse spinel ferrites,
which is attributed to the statistical distributiohFe at A and B sites. Thg band continues to shift towards the higher
values by increasing Guconcentrations for all the calcined samples, whigtee with previous studies [13]. It is known
that the frequency is inversely proportional tousetl mass and bond length [14]. The shift of lattitbration to the
higher frequency could be attributed to the diffexe in the ionic radius and masses betweefi(@#0A) and MA'
(0.91A) ions. In this composition some Lipns are replaced by manganese ions which havélesratomic mass than

that of C§". Thus total mass of the lattice decreases leadiiag increase in band frequency.

The frequency band values decrease with increasing the calcinations tempegat This variation could be
attributed to a different cation distribution. Aepious study showed that the frequency band valpesthe MnFgO,
nanoparticles is about 379 €rfiL5]. However, due to the limitation of our FTIRstrument, bands below 400 ¢mvere

not detected clearly.
Electrical Measurements

The DC electrical resistivity for all the sampleasameasured in a temperature range 100 td@0The variation
of D.C. resistivity as a function of reciprocal ®fmperature is shown in Figure 4. The samples stmmwiconducting
behavior, where the D.C. electrical resistivity wisoa linear decrease with increase in temperailie. resistivity in

ferrites obeys the relation,
p = po eXp(Eq / KT)

where F represent the thermal activation energy, K is Bolnn's constanfy, is the specific resistivity at

absolute zero temperatugeis the specific resistivity at temperature T, dnd absolute temperature.

The variation of dc-electrical resistivity of fegs can be explained on the basis of Verway hoppiaghanism
[16].According to this mechanism, hopping of eleoB play a technical role in electrical conductidrferrites between
the ions of same element, with different valenegest present at octahedral sites [17]. CreatidreBfions gives rise to
electron hopping between the Fe ions in +2 and leBea states. The hopping probability depends uherseparation
between the ions involved and the activation enendych is associated with the electrical energyibaexperienced by
the electrons during hopping. However, the decreaseesistivity also may be attributed to the faleat in case of
Mn-doped copper ferrite octahedral sites are oetlipy CG*, Fe* and Mr{* ions [18]. A systematic study of the cation
distribution in Cu substituted manganese ferritas been made by Rana et. al [19]. They concludadttiese ferrites
belong to the family of mixed or partially inversginel. This conclusion is matched with our FTIBulés. The activation
energy of each sample in table 2 is calculated fimenplots of log versus 18T. It lies within the range 0.53 to 0.89 eV.
The activation energy increases with increase inceotent. The increasing values of particle sizéhwincreasing
calcinations temperature also contribute to lower tesistivity which may be due to the decreas¢he activation

energies.
CONCLUSIONS

The results can be summarized as follows:
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Copper — Manganeseferrite nanoparticles have bgathesized via the co-precipitation method with the
chemicalformula Cuy,Mn,Fe0,, with (x=0.0, 0.2, 0.4, 0.6, 0.8, 1).

X-ray analysis confirmed the formation of the senghasefor the compositions x = 0 and 0.2when dngpkes
heated at127&, while the other concentrations x = 0.4 and 0réned at 125%C and the concentrations x = 0.8
and 1 formed at 105Q.

The lattice parameters decrease with increasingc#feinations temperature while the mean crystaliize

increases.

The IR spectral measurements indicate the presehteo fundamental absorption bandgandv, which are
found in theexpected range for a spinel type tgroaide.The slight increase of with increasing Cticould be
attributed tothe difference in the ionic radiusvibetn CG* and Mri*and the difference of their masses in the A-

site.

The DC electrical conductivity increases with iragimg temperature, which is a normal characterisfic
semiconductor ferrites. This increase in the cotiditiz could be related to the increase in thetdribbility of the

charge carriers, which are localized at ions oawésites.

The increase in copper content leads to a decnedm®pping length (L) and hence facilitates theceten hopping

between F& and F&" states at the B sites, and in turn leads to iseréa the activation energy and electrical

conductivity.
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APPENDICES

Table 1: Summary of the Phases and Structure Paranters for Cu,Mn,,Fe,0, (x=0.0, 0.2, 0.4, 0.6, 0.8, 1) at
Different Calcinations Temperatures

Annealing Lattice Mean B Phases
H ns
SEMPIES Te"}g e(::ra;ture Co?oit)a nts S?;rg(sé?ll(lrt];) (rad.) Phase 1 Phase 2| Phase 3
S 600 8.55403 7.26034 0.000248 Mn ferrite 40p Fe,O,
o) 700 8.54511 14.09969 0.033314 Mn ferrite S5 Fe,O,
= 800 8.48755 8.124267 0.013540 Mn ferrite - e
= 1275 8.44889 29.11765 0.001125 Mn ferrite - (e
5 - 600 8.54269 18.28496 0.000620 (Cu-Mn) ferrite  s®kn FeOs
§ @) 700 8.48052 15.78588 0.000524 (Cu-Mn) ferite 50N FeOs
;5‘- f 800 8.46842 24.53097 0.000876 (Cu-Mn) ferite 50N FeOs
O 1275 8.45702 98.29787 0.001582 (Cu-Mn) ferrjte 5O FeOs
& 600 8.49411 4.507317 0.032881 (Cu-Mn) ferrite  sBn Fe,O,
% o} 700 8.46854 20.08969 0.000996 (Cu-Mn) ferite 50N FeOs
S ,f 800 8.48071 18.9863 0.00136  (Cu-Mn) ferrite FeOs
(@) 1250 8.40974 28.63636 0.0019 (Cu-Mn) ferrjte - -
hs 600 8.49407 2.652632 0.026941 (Cu-Mn) ferite 50N FeOs
§ o 700 8.44349 19.54866 0.001674 (Cu-Mn) ferite 50N FeOs
§ ,f 800 8.43996 26.00375 0.000941 (Cu-Mn) ferite 50N FeOs
(@) 1250 8.41384 30.52863 0.002543 (Cu-Mn) ferrite - -
o 600 8.49356 3.616191 0.032611 (Cu-Mn) ferite 50N FeOs
§ o 700 8.41577 9.130435 0.007584 (Cu-Mn) feriite 0N Fe,O,
;o‘* ,f 800 8.40367 4.998197 0.022342 (Cu-Mn) ferrite - (me
(@) 1050 8.41213 66.63462 0.001462 (Cu-Mn) ferrite - -
S 600 8.46456 10.811234 0.011011 Cu ferrite CupD ,0Fe
o 700 8.4545 21.063833 0.001091 Cu ferrite Cu0 ,0Fe
= 800 8.40687 29.806451 0.000996 Cu ferrite - ,(ze
o 1050 8.4022 78.654985 0.002648 CU ferrite - -

Table 2: The Energy Gap Values of the CiMn ., Fe,0, Nanoparticles at Different Calcinations Temperatures

" Energy Gap in ev

(Celhzeliel] 600cC | 700c| 800 cC
MnFe,0, 053 | 063 | 0.78
Clo; Mg F&0; 077 | 0.76 | 081
Cllo.s Mo F&,0, 057 | 0.75 | 0.89
Clo.c Mo F&,0; 067 | 079 | 071
Clo.x Mo F&,0; 086 | 0.87 | 0.85
CuFeO, 066 | 0.68 | 0.89
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Figure 1: X-ray Diffraction Pattern of Cu,Mn,Fe0,, where (x=0.0, 0.2, 0.4, 0.6, 0.8, 1) at Differe@alcinations
Temperatures
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Figure 2: Lattice Constant and Particle size of CygMn /6,0, Nanopatrticles as a Function of Temperature
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Figure 3: FTIR Spectra of CuMn ,Fe,04( x=0.0, 0.2, 0.4, 0.6, 0.8, 1) Calcined at DiffereTemperatures
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Figure 4: Variation of DC Electrical Resistivity of Cu,Mn1.,Fe,0O, calcinied at (600, 700 and 8(90) as a Function of
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