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Abstract:

Europium and Gadolinium doped Li-Ni soft ferrites with the general
formula (Liys Fegs),« Nix Ry Fep, Oy, (where x=0, 0.1, 0.5, 0:9 and y=0, 0.005,
0.01, 0.02, 0.03, 0.04, 0.05, 0.1) and (R= Eu or Gd), were prepared using
standard powder processing method. Preparation have been done under
different firing temperatures and soaking times (1000 °C, 1100 °C, 1200 °C,
1250 °C, 1300 °C, 1350 °C) and (5, 10, 20, 30 Hours),respectively.

The samples showed a simple cubic spinel phase formation when studied by
using the X-ray diffraction (XRD). Very small amounts of second phase were
observed in some cases of high rare earth additions. The lattice parameter
varied in according to the larger size of the introduced (Eu™) and (Gd*) ions.
In addition, the second phase causes distortion in the internal grain region
corresponding to some shrinkage of the spinel lattice with the result of
decreasing lattice parameter. The shrinkage depends on the amount and type of
doping ions as well as firing conditions especially firing temperature and time.
The A & B-site radii and x-ray density were calculated where the A-site radii
was within the range of (0.43-0.44 A) and B-site radii (0.71-0.72 A). The (Eu*"
and (Gd’) ions have preference for the B-site and so causes internzl lattice

strain due to their larger size. X-ray density determined showing slight increase
with Eu and Gd content increase.

The microstructure of the samples was studied by using the Scanning
Electron Microscope (SEM) and EDX. The SEM revealed that the high content
of rare earths might have an effect to prevent grain growth. The firing
temperature had the greatest effect on the microstructure where the grain size
increased significantly with firing temperature rise.

The electrical properties were studied at room temperature using the four
probe technique to measure the electrical resistivity and Hall Effect
measurements. The Hall coefficient (Ry) results showed a p-type semiconductor
behavior for all of the prepared samples, and these results were confirmed by
the Seebeck coefficient (S) results. This means that the main electrical
conduction mechanism in these ferrites is the hopping of halls. The AC and DC
electrical resistivity measurements showed an increase in the resistivity with
both europium and gadolinium substitution at (y=0.1). The electrical resistivity
was found to decrease significantly with firing temperature increase due to the

“'grain size increase. The dielectric loss factor calculated from the AC
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conductivity at 50 Hz, showed low dielectric loss ferrite materials even at very
low frequencies,

The magnetic hysteresis loop was stud ied by the vibrating sample
magnetometer (VSM) at ambient and elevated temperature. The hysteresis loop
confirmed the soft magnetic behavior of our prepared ferrite samples. The
gadolinium substituted samples showed higher magnetic loss than the europium
substituted ones. The saturation magnetization (Ms) decreased with europium
substitution from (29:9133 emu/g) to (9.3289 emu/g) for (y=0) and (y=0.1),
respectively. While it found to increase with gadolinium substitution from
(29.9133 emu/g) to (35.339 Emufg)‘ for (y=0) and (y=0.1), respectively, for the
samples sintered at 1000 “C. The saturation magnetization decreased with Eu
and Gd substitution for the samples sintered at 1300 °C. The coercivity (Heg;)
increased with the rare earth substitution level increase. The saturation
magnetization increased slightly to (37.345 emu/g) when the temperature raised
to 150 °C, then decreased to (32.598 emu/g) at 250 "C. Coercivity decreased

nearly linearly with temperature increase because the magnetocrystalline
anisotropy constant decreases with the increasing temperature.,
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