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NixMngg_xMgo2Fe;04; 0.1 <x <0.35 was prepared by standard ceramic technique at sintering tempera-
ture 1200 °C using heating / cooling rate 4 °C/min. The samples were irradiated by Nd YAG pulsed laser
with energy of the pulse 250 mJ. X-ray diffractograms reveal cubic spinel structure for all the samples
before and after laser irradiation. After laser irradiation, better crystallinity was obtained in a form of an
increase in the calculated crystal size. This increase was discussed as due to the change in the valence of
some ions like Fe3*, Ni?* and Mn?*. The conductivity of all the investigated samples decreases after laser
irradiation and becomes temperature independent for a wider range than that before irradiation. This was
ascribed to electron rearrangement after laser irradiation. Accordingly, these ferrites are recommended
to be useful in electronic devices.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The fundamental interaction mechanisms of pulsed laser with
solids have greatly stimulated the development of new process-
ing techniques. Key parameters are that the UV laser pulse has an
extremely short duration, thus irradiation promotes processes that
generally are significantly far from equilibrium. Subsequently, the
effect of laser irradiation on the near surface of several ceramic
materials of technological relevance will be described [1]. It will
be shown through a series of practical examples how a thorough
knowledge of these process can be used for manipulating the pro-
cessing variables to get the desired effect.

The structure and the electrical conductivity of ferrites are very
sensitive to the chemical composition [1-6]. Tawfik et al., inves-
tigate the effect of laser irradiated on CoggZng4Fe;04 [7] and
reported that a distorted spinel cubic structure was formed after
laser irradiation. The conduction was p-type like materials before
and after irradiation. The decrease of the electrical resistivity after
irradiation was discussed on the basis of the transfer of charge
carriers through cation vacancies present at octahedral sites [7].
Singh et al. [8] explained the decrease in dielectric constant and
the increase in the dielectric loss parameter for the irradiated
MgogMng 1InkFe;_,04 samples on the basis of Maxwell-Wagner
interfacial polarization. Additionally, Ahmed and Bishay [9] found
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that laser irradiation increase the polarization, resistivity and
the paramagnetic region for Lig 5.+,C0,DyxFe; 5_2, x04,0.0 <x<0.2,
z=0.1. They ascribed this behavior to the electron rearrangement
after laser irradiations, which create small polaron defects.

The main target of this research work is the creation of new
substance with special dielectric behavior useful in several appli-
cations. The multivalent ferrite NixMngg_yMgg2Fe;04; 0 <x <0.35
is prepared by standard ceramic technique and a comparative study
between the obtained results before and after laser irradiation was
an important way to achieve our goal.

2. Experimental

High-purity oxides MnO, NiO, MgO and Fe, 03, were mixed in thoroughly stoi-
chiometric ratio, and well grounded in a planetary agate mortar for 3 h. The mixture
was pressed into pellets form using uniaxial pressure of 1.9 x 108 Nm~2 and pre sin-
tered in air at 900°C for 10 h with heating rate of 4°C/min in the Lenton furnace
16/5 UAF (England) then slow cooled to room temperature with the same rate as
that of heating. The samples were grounded again for 1h and pressed into pellets,
then finally sintered in air at 1200°C for 7 h with the same above conditions. X-ray
diffraction of these samples was carried out using Philips Pu 1390 channel control
Co-ka target and filter Fe of wavelength (A =1.791A to assure the formation of the
samples with a single spinel phase. Accurate measurements of the electrical resistiv-
ity of the samples were carried out on a disc form of ~0.85 cm diameter and 0.2 cm
thickness. The two surfaces of each sample were good polished, coated with silver
paste and checked for good conduction. The ac. resistivity as well as the dielectric
constant of the investigated samples was carried out from room temperature up to
750K as a function of frequency ranging from 100 kHz to 5 MHz using RLC Bridge
(HIOKI) model 3531 Z Hi Tester “Japan”. The measurements were carried out using
a home built Lab-View program that is suitable for dielectric measurements. The
measuring accuracy was better than 1%. The samples were irradiated to Nd:YAG
pulsed laser with energy of the pulse 250 mJ, pulse width 10 ns and beam width
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Fig. 1. (a-d) X-ray diffractograms of NixMngs_xMgoFe;04; 0 <x <0.35 before and after laser irradiation.

6 nm. The X-ray analyses and the dielectric measurements were carried out before
and after laser irradiation.

3. Result and discussion

Fig. 1a-d shows the X-ray diffraction patterns for the samples
NixMngg_xMgp2Fe;04; 0.1 <x <0.35 before and after laser irradia-
tion. The data shows that X-ray diffractograms of all samples before
and after laser irradiation are characteristic of cubic spinel struc-
ture as compared and indexed with JCPDS card number 2-1034.
All planes identifying the spinel structure appeared (220), (311),
(222),(400),(422),(511),(440),(620),(533),(622).1tis noted
that for the sample of x=0.10, the crystallinity is improved as it is
clear from the intensity of some planes. On the other hand, for the
rest of the samples, a disturbance in the cation order, i.e. statistical
redistribution of metal cations among A and B sites may be reli-
able and is accompanied by enhancing of the crystallinity. This was
appeared as an increase in the relative intensity of some planes
and a decrease in that of another one. The data in Fig. 2 assure
that the crystallite size was increased after laser irradiation which
agrees well with our mentioned interpretation and those reported
by Singh et al. [8].

The average crystal size (L) was calculated from the full width at
half maximum (FWHM) of each peak using Debye Sherrer formula
[10] as shown in Fig. 2. Before laser irradiation, Ni2* ions occu-
pied the octahedral sites while most of the Mn?* reside on the A
site due to site preference and crystal field stabilization energies of
both ions. After laser irradiation, valence exchange between similar
ions on the same equivalent lattice positions was expected to take
place as it is associated by cation redistribution altering the oxygen
parameter. Consequently, the crystal size increases.

The percentage porosity (P) was calculated using the relation

[11]:
)

D
P=(1-5
where, D and Dy are the experimental and the X-ray density
respectively. The variation of the porosity as a function of Ni con-
tent is illustrated in Fig. 3 for the samples NixMngg_xMgg2Fe;04;
0.1 <x<0.35 before and after laser irradiation. It was found that
the porosity has the same trend in the two cases, but with different
magnitudes. The value of porosity increases after laser irradiation
due to the formation of point and cluster defects, which may exist
with the formation of micro cracks.
Fig. 4a and b illustrates the relation between the real part of
the dielectric constant €’ and absolute temperature for the sample
NixMng g_xMgg,Fe;04; x=0.15 before and after laser irradiation as
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Fig. 2. The dependence of the crystal size on Ni content for the samples
NixMngs_xMgo2Fe;04; 0 <x <0.35 before and after laser irradiation.
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Fig. 3. The dependence of percentage porosity on the Ni content of the samples
NixMnog_xMgo2Fe204; 0.1 <x <0.35 before and after laser irradiation.
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Fig. 4. (a, b) The dependence of the real part of dielectric constant (¢') on
the absolute temperature T(K) before and after laser irradiation for the sample
NixMngg_xMgo2Fe;04; x=0.15.

a typical curve. In the first temperature region 300 < T <400, it is
clear that a small peak appeared after laser irradiation due to the
formation of vacancy cluster pairs [12]. This was enhanced by the
increase in the values of porosity as discussed above. From another
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Fig. 5. The dependence of the ac conductivity on absolute temperature at 100 kHz
before and after laser irradiation for the sample NixMngg_xMgo2Fe;04; x=0.25.

point of view, after laser irradiation the electronic excitation leads
to electronic rearrangements causing some ions and atoms to be
displaced from their original crystal positions [9]. Laser induced
lattice defects competing with the thermal lattice defects tend to
give this small peak.

The dependence of the ac conductivity on frequency is governed
by [13]

(2)

A is a temperature dependent constant, w =2f, f is the frequency
and s is the frequency exponent. The values of the exponent (s) are
calculated from the slope of the straight line and reported in Table 1
for the samples NixMnggxMgg,Fe;04; x=0.1, 0.15, 0.25 and 0.35
before and after laser irradiation. It is noted that for all the samples
(s)decreases by increasing temperature which means that the main
conduction mechanism is the correlated barrier hopping and it is
the same mechanism before laser irradiation.

For all irradiated samples the variation of o versus T gave nearly
the same trend as that for the samples before irradiation as shown
in Fig. 5 as a typical curve for NixMngg_yMgo,Fe;04; x=0.25 at
f=100kHz. The conductivity of the irradiated samples becomes
nearly temperature independent for a wide range which is a good
applicable result. The irradiation by laser shock waves is followed
by the formation of point defects and some of vacancies could react
with donor impurities. The conductivity decreases after laser irra-
diation as a result of higher population of carriers with increasing
temperature. This in turns impedes the hopping mechanism by
decreasing the drift mobility of charge carriers as a consequence
of electron lattice scattering.

The activation energy was calculated using Arrhenius relation
from the slope of the line between In o and the reciprocal of abso-
lute temperature. Fig. 6 clarifies the dependence of the activation
energy in the two regions of temperature E; and Ej; on the Ni content
for the samples NixMngg_yMggoFe;04; 0.1 <x<0.35 at 100 kHz
before and after laser irradiation. It is evident that Ej is greater
than E; which is a similar trend before laser irradiation. This means
that, in the high temperature region, a large energy is needed to
liberate the trapped electrons and activate them to participate in

Oac = A’

Table 1
The calculated values of the frequency exponent factor (s) for the samples NiyMngs_xMgo2Fe, 04 with (0 <x <0.35) at selected temperatures before and after laser irradiation.
T(K) x=0.1 x=0.15 x=0.25 x=0.35
Before After Before After Before After Before After
400 0.73 0.97 0.90 0.62 0.86 0.97 0.90 0.9
600 0.66 0.12 0.25 0.21 0.16 0.08 0.13 0.12
700 0.12 0.11 0.23 0.02 0.12 - - -
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Fig. 6. The dependence of the activation energy E; and Ej; (eV) on Ni content for the
samples NiyMng.s_xMgo2Fe;04; 0.1 <x < 0.35 at frequency 100 kHz before and after
laser irradiation.

conduction process. Also, the figure shows that the calculated val-
ues for each one of E; for all investigated samples decreases after
laser irradiation with respect to their corresponding values before
irradiation. This may be due to creating small polarons or initiating

hole from varying the valences of Ni ions and from another point
of view it is due to the effect of spin order.

4. Conclusion

X-ray diffractograms reveal cubic spinel structure for all sam-
ples before and after laser irradiation. Better crystallization takes
place with the increase in the porosity after laser irradiation. The
conductivity of the samples decreases after laser irradiation with a
higher thermal stability. The calculated values of E; decrease after
laser irradiation as compared with their corresponding ones before
irradiation for all investigated samples.
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