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Effect of Gamma Irradiation on the
Structure Diffusion Coefficient of Co-Zn Doped Ferrite
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Abstract: A series of the ferrite system gZny Mn,Fe, O, with (x = 0.7, 0.8, 0.9 and 1) were
prepared by general ceramic method. The X-rayatiffon patterns confirmed the formation of the
cubic single phase structure. The lattice paranaatdrthe crystal size increased after irradiatibicthy
was attributed to the formation of ferrous iondasfjer radius than that of ferrous ions in unireaeld
samples. A small shift was observed in the difftacpeak position. This indicated the slight distor

of the cubic structure. The diffusion coefficient electrons was found to be increased for the
irradiated samples. The concentration of electwas estimated and was found to be increasedyafter
irradiation.
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INTRODUCTION and pressed into tablets of one cm diameter and
thickness 0.2 cm. The tablets were sintered at 200
Spinal ferrite is one of the most important classe for 2 hr. The furnace was left to be cooled slotaythe
of magnetic ceramic materials owing to their inéir®y  room temperature. The formation of spinel cubicggha
applications. In the spinel structure the magn&tits  \as confirmed by X-ray diffraction patterns usiXg

are distributed between two different lattice sitesray diffratometer type Philips, PW 1710. The saraple
tetrahedral (A) and octahedral (B) sites. The mégne \yere jrradiated by C8y-radiation of dose Forad hr™.
as well as electrical properties of these ferriép@hd e, jradiation was carried out at the center of the

on the relative distribution of cations at the eliffnt Eastern Regional radioisotope, Dokki, Cairo. Afger

sites  as well as the preparation °°”d'%”s'?‘ days, the d.c conductivity was measured in the
ferromagnetic state the hopping electrons are t@ikn o
temperature range from room temperature to 310°C

in one direction (the direction of the electricldig . .
which helps the electrons to jump from ferric tordeis using an electrometer type Keithley 610 C.

ions without scatterirfgy?.

The diffusion coefficient of oxygen
vacancies  was estimated from DC conductivity : : -
measurements of G&ZnMn,FeO,. It was noticed X-ray Diffraction Analysis: Figure 1a and b represent

e . . the X-ray diffraction patterns for samples
that the diffusion coefficient increased after gaanm -
irradiation for all ZA* concentratiori . This could be ~ C%6ZM0.aMN<F€:,04, where x=0. 7, 0.8, 0.9 and 1

explained on the basis of the displacement of meral befo_re and after !rrad|at|o_n. Thel(-ray analysis
from its original sites under the effect of radiati It confirmed _the format|0n_ of Sp"?e' cubic phase dtrre
was reported that the lattice parameter increasedtal It was noticed that a slight shift of the reflecteeiaks

the formation of ferrous ions under the ionizingeet was occurring in the_ irradiated s_ample. T_h|_s was

of radiatiorf’. attrlbyted_to_ thfS]dlstortlon occurred in the culaittice
The aim of the present work was carried out in ar‘Flfter iradiatioff*.

attempt to though light on the effect-gfirradiation on _ _ o

the crystal structure, lattice parameter and tifeision L attice Parameter: Figure 2 shows the variation of the

coefficient of electrons i€o-zn ferrite doped with Mn.  lattice parameter of the different compositionsobef

It was expected that these compositions could leel us and after irradiation. It was noticed that the itatt

RESULTSAND DISCUSSION

as a sensor for detecting environmental pollution. parameter increased with enhancing Mn concentration
this could be attributed to the substitution of ¥of
MATERIALSAND METHODS large size (r = 0.07 nm) for Fe(r = 0.067 nm) of

smaller size. The increase of lattice parametertlier
The pure oxides of CoO, ZnO, F& and MpO;  irradiated samples than that of unirradiated was
were mixed together to take the required chemicagttributed to ionizing the ferric ions (r = 0.06mhof
formuld™® Cay, &ZNny MncFey, 0, (x=0. 7, 0.8, 0.9 and smaller size to ferrous (r = 0.08 nm) of largeesadter
1) using an agate mortar for ten hours. The powder irradiation. Our explanation was similar to that in
fired for 4 hr at 900°C. The powder was again getaeh ~ previous work on different ferrite compositiéh °.
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Fig. 1: The X-ray Diffraction Patterns for the Sde®p
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Fig. 3: The X-ray Intensity Ratios before Irradeti

Intensity Ratios. Figure 3 illustrates peak intensity
ratios ki4/lago and hoodlago before and after irradiation
which are very sensitive to the structure chanijesas
noticed that the intensity ratios were sensitive to

x=0.6,0.7, 0.8, 0.9 and (a) before Irradiation,manganese content. The increase of intensity ratio
(b) After Irradiation
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l42d 1400 @nd 14/l 400 before irradiation was attributed to
the replacement of Mrof larger radius for Féon of
smaller radiué *®. This led to increasing the intensity
ratio. For irradiated samples, the observed deereés
the intensity ratio sJl400 could be explained by the
slight distortion of the crystal lattice leadingdecrease
the reflected intensity. It was reported that theays
irradiation caused a slight distortion the lattitructure
of ferrited”.

In conclusion the distorted spinel cubic structure
after y—radiation decreases the intensity ratio, which is
the fundamental role in sensor applications.

The Diffusion of ElectronsBefore and After |rradiation:
The diffusion coefficient D of electrons was estiath

from the relation DzUKszT where, ¢ is the electrical
Ne'

.2: The Lattice Parameter of the Compositionconductivity N (atom concentration) equals 454 atom
Cayp.eZno My Fe,, 0,

mtY e = electronic charge, Kis Boltzmann constant
and T is the absolute room temperature.
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Table 1: The Calculated Activation Energy of Diffus Process

X 0.7 0.8 0.9 1
After irra. D, (M s 1.54x10° 1.79 x10° 1.67 x10’ 4.36 x10’
Before irra. R (P 1.59 x10° 2.26 x10° 3.06 x10° 4.28 x10°
Before E(ev) 0.566 0.592 0.635 0.633
After E(ev) 0.498 0.476 0.475 0.456
. stated that 20% of M are present & site and 80%
e, of Mn** are present & site.
2 1 ,.‘vau' . The increase of Mi content aA site gave rise to
v e e, the hopping rate of electrons between?Mand Fé,
% Lot . leading to increase the diffusion coefficient fon a
3 § o o
E s, % . |rrad|at§d and unirradiated sampleg. . .
S = a " It is observed that the diffusion coefficient
= no Ly p 0" decreased afterirradiation this could be explained as
= T o L, following: when the samples were exposed yo
* irradiation some of manganese ions migrate frAm
o sites toB sites and the percentage of 80% of manganese
.0 22 za  zs 28 an sz 34 ions decreased leading to reducing the hoppingahte
1000T{K™)
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electrons between Mh and F&". This mechanism
decreased the diffusion coefficient of electronsause
our samples were n tyfe®. The dependence of the
diffusion coefficient of temperature can be giventihe
equation D=D.e ' " where D, is the pre
exponential factor anH is the activation energy for the
diffusion proces&?. The results ofD, before and after
irradiation and the activation energies of diffusio
processes are given in Table 1.

The values of E after irradiation is lower thaatth
before irradiation, which means that, the diffusion
process of electrons through structural vacancies o

&
441 ‘A‘ a thermal equilibrium vacancies increased. The diffo
R o . T 5 coefficient increasgd afte;r—_radiation in ferri_te as in
1000/ (K" previous work! which confirmed the behavior of our
(b) results.

Fig. 4a,b: The Diffusion Coefficient of Oxygen
Vacancies in the Given Ferrite before and
After Irradiation *

The diffusion coefficient of electrons for
Coy eZNg Mn,Fe,,O, before and after irradiation as a »*
function of 1000T, are illustrated in Fig. 4a and b. It is
observed that the diffusion coefficient increased b
rising temperatures. This might be explained on the
bases of the hopping conduction mechanism between
ferric and ferrous ioffs %, The increase of temperature
activated the hopping rate of electrons,
Fe" = Fé€" leading to rising the diffusion coefficient
through the lattice for samples before and after
irradiation. Our explanation is similar to that in
previous work on other compositions of ferfite

The increase of the diffusion coefficient with
increasing manganese contents might be attribuded f*
the presence of Mifiand F&" atA site according to the
cation distribution given in previous wétk®. They
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CONCLUSION

y-radiation ionized the ferric ions of smaller stpe
ferrous ions of larger size which increased the
lattice parameter.

The increase of Mn concentration increases the
lattice parameter because the radius’Ms larger
than that of F&.

The variation of the ratios d{i/l400 and koofl400)
depends on the replacement of ¥ions for F&"
ions. These ratios changed to other values after
irradiation.

Before irradiation the activation energy of the
electron diffusion increased with increasing Mn
concentration while aftey—irradiation it decreased
with increasing Mn concentration.

The slight shift of the reflected peaks kray
diffraction patterns confirmed the effect pfays
which can be used in sensor technology.



wn

American J. Applied i, 2 (5): 989-992, 2005

REFERENCES 7. Darwish, N.Z., O.M. Hemeda and M.l. Abd-Elati,

1994. Appl. Radiat. Isot., 45: 445.

Hemeda, O.M. and M.M. Barakat, 2001. J.8. Hemeda, O.M., 2002. J. Magnetism and Mag.

Magnetism and Mag. Mater., 223: 127. Mater., 251: 50.

Amer, M.A., 1994. Phys. Stat. Sol. (A), 145: 157 9. Hemeda, O.M., 2004. J. Magnetism and Mag.

Hemeda, O.M. and M. El-Saadawy, 2003. J.  Mater., 281: 36.

Magnetism and Mag. Mater., 256: 63. 10. Hemeda, O.M., 2004. Turk J. Phys., 28: 121.

Hamada, .M., 2004. J. Magnetism and Mag.11l. Hughes, A.E. and D. Pooley, 1975. Real Sold an

Mater., 271: 318. Radiation. Wykeham Ltd., London.

Hemeda, O.M., P.J. Smit and H.P.J. Nign, 195912. Hemeda, O.M., M. El-Saadawy and M.M. Barakat,

Ferrites. Wiley London, pp: 140. 2000. J. Magnetism and Mag. Mater., 219: 73.
hase Trans., 51, (1994) ,87.

992



