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MgCu NANOCRYSTALLINE CERAMIC WITH La* AND Y IONIC
SUBSTITUTIONS USED ASHUMIDITY SENSOR

N. Rezlescu’, E. Rezlescu, F. Tudorache, P. D. Popa

Nationa Institute of Research and Deve opment for Technical Physics
B-dul D. Mangeron 47, 700050 lasi 3, Romania

The partid substitution of Laand Y for Fe into nanocrystalline Mgy sCug sFe;0, compound
was studied. The Mg-based ceramics present an attractive set of properties: high electrica
resigtivity, high Curie temperature and chemical stability. Y* and La®* ions affect the
structure and magnetic and dectric properties of MgysCuosFe,0, compound. These ions
increase the grain size and favour the densification of ceramic. The electricd resistivity
decreases with incorporation of La® and Y** ionsin MgysCugsFe,0,.
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1. Introduction

Mixed ferrites attracted much attention because of their vast applications in a wide range,
from microvawe to radio frequencies, such as microwave devices, computer memori es and magnetic
recording. In many applications, they play a useful role because of their high resistivity and low
eddy current losses. During the last years, many oxide ceramics have been investigated as materials
for humidity sensors used in automatic humidity controlling systems [1-3]. Basically, ceramic
sensors can detect humidity on the basis of the change of the surface dectrical conductivity by
vapour adsorption.

The partia substitution of Laand Y for Fe into nanocrystalline Mgy sCu sFe;0, compound
leads to the compoasitions Mgy sCug sFe; slay 204 and Mgy sCugysFe1 gY 0,204, respectively. We sdected
the Mg-based ceramic because it presents an attractive set of properties: high eectrical resistivity,
high Curie temperature and chemical stability. It is a light ceramic and the stability of Mg®* ions
avoids the appearance of Fe** ions. Also, much interest is centered on study of this ceramic as
humidity sensitiveresistor sinceit isinexpensive and robust [1, 2].

2. Experimental

The samples were prepared by our method of sef combustion [3], an improved variant of
the method of co-precipitation. According to this method the substances in the reaction are meta
nitrates and ammonium hydroxide in polyvinyl acohol solution. The co-precipitation takes place
into a colloidal medium and the reaction that determines the formation of the ferrite is a rapid
combusgtion. The resulted powders were pressed into torroidal and disk shapes.

The chemica formula for the investigated ceramics is Mgy sCugsFe,« ROy, With R =Y or
Laandx=0and0.2.

Scanning e ectron microscopy (SEM) and X-ray diffraction (XRD) were used to investigate
the morphol ogy of the microstructure and phase components of the doped and undoped sampl es.
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Electricd measurements were carried out by a bridge method on disk shape. Specific
saturation magnetization was measured by a vibrating sample magnetometer on the torroids and

spheres prepared from discs.
Initidl magnetic permeability was measured by an inductance bridge on the torroids in a

fidd of 0.4 A/m and the average grain size by the linear intercept technique from micrographs on
fracture surfaces.

3. Results and discussion

The MgosCuysFe0, ferrite is used as reference materid. X-ray diffraction patterns for dl
samples are given in Fig. 1. Comparing the XRD spectra (Fig. 1 ac) it can be conduded that the
incorporation of La,03 or Y,0s in the ferrite composition Mgy sCuysFe,0, leads to modifications in
the phase composition of the ferrite. The pure ferrite is monophasic. The Y- and La-containing
compounds are multiphasic. The lattice constant increased from 8.3776 A t0 8.3870 A and 8.3861 A
by incorporating Y and Larespectively.

These crystall ographic changes corrdate well with the morphological changes displayed in
SEM pictures (Fig. 2 a-c). It is dearly observed in Figs. 2 b and c that the Y,0; and L&,0; affect
drastically the microstructure of MgCu ferrite. An increase in the average grain size and a decresse

of the porosity was obtai ned.
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Fig. 1. XRD patterns of samples sintered at 1000 °C: Fig. 2. SEM micrographs for the same samples asin
a MgCu pureferrite; b) Y-substituted ferrite; ) La- Fig. 1.
substituted ferrite.

In Table 1 are given some structural characteristics for the samples sintered at 1000 °C.

From the data given in Table 1 may be concluded:
e Theincrease of the lattice constant of the spind phase in the Y and La containing compounds

may be dueto afew La** or Y** jons entered into octahedral sites of the spinel structure.
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e Observed lower values of porosity and higher values of grain sizein doped samples indicate that
Y03 and LaO; enhance sinterability and thereby promote densification as wdl as grain growth
processes. The precise values of solubility of La®* and Y3* in spind lattice are not known.

Table 1. Structura characteristics for the samples sintered a 1000 °C.

Substitution  Lattice parameter () Porosity (%) Averagegrain sizeD (um) SPeCific surface area

S(mg)
without 8.3796 40 2 1.00
Y 8.3870 33 5 0.34
La 8.3861 27 7 0.22

On can see that the specific area and the average grain size are dependent on the
composition. The specific surface area was cal culated with formula:

S=—, )

where s and v are, respective, the surface and the volume of the particle and d is the bulk density.
The largest value of the specific area was found for the unsubstituted sample, although the particle
sizeisnot very smal.

Specific saturation magnetization, initial permeability and electrica resitivity, measured at
25 °C, for al samples sintered at 1000 °C arelisted in Table 2. One observes the following features:
« The Y* and L& ions decrease the specific saturation magnetization of MgosCuosFeOs
compound. This reveals that a partial incorporation of Y** or La® ions in the spind matrix can be
possible and, thus, a magnetic dilution of octahedral sub-latticeis obtained.
« Eventhough there is a decrease in saturation magnetization o, the permeability has not shown a
corresponding decrease because of the well-devel oped microstructure
« The results given in Table 2 indicate that Y* and L& ions strongly influence the bulk
resistivity. One can see that dectrical resistivity p has a notable lowering when La0; or Y,0; was
substituted for F&0s.
» Thisimpliesthat Y3 and La® ions especidly act on the grain-boundary related properties. The
increase of the grain size, by doping with Y and La, determines a reduction of the grain boundary
surface, and as aresult, the dectrical resistance diminishes.

Table 2. Saturation magneti zation, initial permeability and electrical resistivity, measured at
25 °C, for al samples sintered at 1000 °C.

Substitution Saturation magnetization, o5 Initial permeability, v, Electrical resistivity, p
(emu/g) (Q-cm)
without 25.5 45 1.73x 10°
with Y 21.2 10.4 3.71 x 10
with La 19.8 8.8 1.40 x 10*

The humidity sensitivity of the dectrical resistanceis given in Fig. 3. The resistance of the
samples sintered at 900 and 950 °C is sensitive to humidity change independent on composition.
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Fig. 3. Humidity-resistivity characteristics for the same samplesasin Fg. 1.

By sintering at 1000 °C, the resistance of the substituted samples shows almost humidity
independent behaviour caused by a better densification and the presence of the closed pores which
hinder the interaction of H,O with ceramic. However, it must be mentioned that the sintering at low
temperature is not advantageous for these cerami cs because unsatisfactory mechanical properties can

be obtained.
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4. Conclusions

The impact of Y** and La® ions on the structure and magnetic and dectric properties of
M go.5CUy sF&04 compound are summari zed as follow:

The compounds MgosClosFe1sY 020, and MgosCugsFe sla 04 are multiphase, whereas the

MgosCUysF&0; is singlephase.
Theseions increase the grain size and favour the densification of ceramic.
A decrease of saturation magnetization was obtained due to a slight solubility of Y** and La®

ions in the spinel matrix.

The dectrica resistivity decreased with incorporation of La® and Y3 ions in MgosCugsFe0..

The reduction of the grain boundary area appears to be responsible for diminishing of the
resistivity of these samples.
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