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ABSTRACT

This work is aimed to synthesize new type ceramic materials:

Pb1oxSmNd[(Zrp 55T 10,45)1-0.02,0.01(Y 2/3,M01/3),0.01(Y 2/3,Niy/3)|O; of structure perovskite in the presence of the dop-
ing agents: NiO, Sm,03, Y,0;, Nd,O; and MoO; near the morphotropic phase boundary. These ceramics worked out by
solid way, we present the preparation and the different stages of the formation reaction of the solid solution. Then we
will detail the different techniques of analysis applied to this compound; we begin by the X-ray diffraction in the fol-
lowing by analysis spectroscopic (FTIR), analysis by scanning electron microscopy (SEM) and finally analysis by spec-

trometric energy dispersive (EDS). These studies help us to accumulate as much information on these materials.
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1. Introduction

The crystallization of bulk ceramics called “bulk” type
PZT is governed by sequences of reactions from three
oxides PbO, ZrO, and TiO, [1,2]. These reactions are
now well known. However, several studies have been
made and several conclusions were drawn about the re-
action sequences of formation of the solid solution PZT.
There are many ways of developing piezoelectric ma-
terials that can be classified into both physically and che-
mically. The method of preparation is the most famous
ceramic method; this method of synthesis involves reac-
ting at high temperature (around 800°C) a mixture of
oxides. The simple ceramic method has some drawbacks:
first the reaction at high temperature may cause volatili-
zation of PbO which makes the non-stoichiometric PZT,
the second disadvantage is the slow reaction, the increase
in temperature accelerates the reaction because the diffu-
sion through the solid is faster than ordinary temperature,
it is important that the starting materials are well crushed
to reduce the grain size they are very well blended for
maximum contact area and reduce the distance of diffu-
sion of the reagents [3].
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This part of work describes the manufacturing process
of new type materials:

Pb2xSmNd,[(Zr 55Tl 45)1-0.02,0.01(Y2/3,M04,3),0.01
(Y23,Niy3)]O; and their reaction mechanism, all pre-
parations were made at temperatures not exceeding
800°C, it gives then the results of the study radio crystal-
lographic. In this work, the main purpose is to study the
reaction sequences of formation of solid solution of PZT
perovskite structure in the presence of doping NiO,
Sm,03, Y,0;, MoO; and Nd,O3. We present the prepara-
tion and the different stages of the formation reaction of
the solid solution. Then we will detail the different tech-
niques of analysis applied to this compound, we begin
first by X-ray diffraction, in the following by analysis
spectroscopic (FTIR), analysis by scanning electron mi-
croscopy (SEM) and finally analysis by spectrometric
energy dispersive (EDS). These studies help us to accu-
mulate as much information on these materials.

Previous Work

Several studies were conducted by different researchers
[4] in order to show the reactions that occur during for-
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mation of ceramics. In general the results reported in dif-
ferent studies show that lead titanate PbTiO; is the first
reaction product to be formed [4-6]. However, when us-
ing a submicron ZrO, powder prepared chemically, the
formation of PbZrO; is earlier than that of PT. This PZ,
the intermediate product, was not observed in most other
work, with the exception of Ohno et al. [6], which reveal
its formation and reaction with PT to form the PZT solid
solution and also Yamaguchi et al. [6] who reported the
possible formation of PZ but only under certain condi-
tions.

The reaction sequence according to some researchers:
Mori et al. [7] proposed two reaction steps:

PbO + ZrO, + TiO, — (PbTiO; + ZrO,)ss

(PleO3 + ZI'OQ )SS — Pb (Zrl_x, TIX)O3

Speri [8] proposed a three step process:

PbTiO; + PbO + ZrO, — (PbO)ss

(PbO)SS + PleO3 + ZI'OQ —Pb (ZI']_X, TIX)O3

(PbO)ss is a solid solution of tetragonal ZrO, con-
taining PbO and PbTiO;.

Hankey and Biggers [9] presented a reaction sequence
consistent with Speri, but at different temperatures for
each reaction step. Kingon, Terblanche and Clark [8]
proposed a process of homogenization; they confirmed
the formation of PbO ss in special experimental condi-
tions, the final step in a reaction intermediate of PZT rich
in PbTiO; PZT with rich PbZrOs;.

Matsio and Sasaki [1] were proposed:

PbTiO; + PbO + ZrO, — PbTiO; + (PZ,T, )

PbTiO; + (PZ,T.,) — PZT

Biggers and Venkataramani [10] reported the reaction
sequence for two sources of ZrO, synthesized and com-
mercial a different reaction sequence occurred which de-
pends on the ZrO, used. ZrO, synthesized gives the for-
mation of an intermediate phase PbZrO; and training of
PZT at 500°C. ZrO, the introductory commercial forma-
tion of a phase webmail PbTiO; and the formation of
PZT to 800°C. Chandratreya [11] has reported on the
reaction mechanisms of the formation of PZT solid solu-
tion. He found that the PbTiO; forms between 450°C and
600°C and the PZT is formed above 700°C against any

PbZrO; formation was detected.

2. Experimental Procedure

The synthesis of a new ceramic material (Table 1):
Pb;,xSmNd,[(Zr 55T 45)1-0.02,0.01(Y23,Mo0y3),
0.01(Y2:3,Niy3)]0s.

From a mixture of oxide is mainly in a few steps: The
amount of starting materials required for the synthesis is
calculated and then weighed and mixed with acetone for
6 h for homogenization. In later dried at 100°C in an
oven for 12 h. The powder of the initial mixture is manu-
ally ground with a glass mortar for 4 h, and then the
powder is compacted in the form of pellets 2 g mass. The
pellets obtained are brought to the calcinations at tem-
peratures of about 600°C, 700°C, 750°C and 800°C in a
programmable oven and under an ambient atmosphere
with a heating rate of 2°C/min to a temperature maintain-
ed constant for two hours. Cooling the resulting materials
is slow. No weight change was observed.

3. Results and Discussion
3.1. Analysis by “X-Ray Diffraction”

The various diagrams of X-ray diffraction were obtained
using a Bruker-AXS D8 diffractometer installed at the
Laboratory of what RX (University of Biskra. ALGERIA)
equipped with a copper anticathode. In order to have a
monochromatic radiation, the device is equipped with a
monochromator which selects the wavelength correspon-
ding to the Ka radiation of copper: 1.5405 A. To perform
the measurements, the voltage applied by the generator is
40 kV and the current is 40 mA. The diffractograms are
recorded at room temperature, and 2 theta between 10°
and 90°.

The diffraction pattern of the powder mixed oxides un-
calcined (room temperature). This chart shows the char-
acteristic lines of basic oxides PbO, ZrO, and TiO, with-
out secondary phases that indicate the absence of any re-
action between these oxides during milling. The doping
oxides are in very small quantities in the initial mixture;
no characteristic peak appears on this diagram.

Figures 1-4 show the X-ray diffraction pattern of the

Table 1. Composition of: B1-B2-B3-B4-BS.

Composition

B1 Pb1.0.02Smg 01 Ndg 01 [(Zr0 55, T10.45)1-0.02,0.01(Y23,M04/3),0.01 (Y53,Ni;3)] O3
B2 Pb1.0.04Smg 0o2Ndg 02[(Zr0 55, T10.45)1-0.02,0.01(Y23,M04/3),0.01 (Y5/3,Ni;3)] O3
B3 Pb1.9.06Sm0.03Ndo 03[ (Z10 55, Ti0.45)1-02,0.01(Y23,M0113),0.01(Y2/3,Ni;3)]O3

B4 Pb1.0.1.Smg.0sNdo.0s[(Zro.55,Ti0.45)1-0.02,0.01(Y2/3,M013),0.01(Y2/3,Niy3)] O3
BS Pb1.02Smo, 1 Ndo.1[(Zro.55,Ti0.45)1:0.02,0.01(Y253,M01/3),0.01(Y2/3,Ni13)] O3

Copyright © 2013 SciRes.
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Figure 1. X-ray diffraction diagram of the mixture calcined
at 600°C.
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Figure 2. X-ray diffraction diagram of the mixture calcined
at 700°C.

500

400- 210,

Intensity

N w
o (=)
o o
1 1

20 40 60 80
2 théta (°)

Figure 3. X-ray diffraction diagram of the mixture calcined
at 750°C.

Powder mixed oxides calcined at 600°C, 700°C, 750°C
and 800°C respectively.

Figure 5 shows the X-ray diffraction pattern of the
sample B, sintered at 1100°C, 1150°C and 1180°C.

3.2. Analysis of Phases by Infrared Spectroscopy
in Fourier Transmission “FTIR”

The different spectra FTIR were obtained using a Shi-

Copyright © 2013 SciRes.
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Figure 4. X-ray diffraction diagram of the mixture calcined
at 800°C.
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Figure 5. X-ray diffraction patterns of the sample B2 Sin-
tered at 1100°C, 1150°C and 1180°C.

madzu spectrophotometer type FTIR-8400S PC that is
used to obtain IR spectra with a resolution of 1 cm .
Laboratory of Chemistry (University of Biskra, Algeria).
Analysis of the calcined powder at a temperature of
750°C by infrared spectroscopy in Fourier transmission
mode (FT) in the range of 400 - 4000 Cm™' shows an
absorption band between 450 and 800 Cm™'. This band
is characteristic of the MO bond [12] and a second peak
at 1400 Cm™' is a characteristic of the solid solution
PbTiO3. M. Zaghete et al. [12] also studied the forma-
tion of the PZT. Quantitative determination by infrared
spectroscopy performed on our powders with different
calcinations temperature shows the existence of two
peaks with a vibrational absorption band between 450
and 800 Cm ™' and the second peak around 1400 cm ',
the latter is a characteristic of the solid solution of
PbTiO;. Moreover, we can see clearly the gradual disap-
pearance of the peak as a function of temperature pre-
sented in Figure 6. This also confirms our results sug-
gested by X-rays.
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Figure 6. Infrared absorption spectra as a function of tem-
perature.

3.2. Analysis by Scanning Electron Microscopy
(SEM) and by Spectrometric Energy
Dispersive (EDS)

The SEM is a complementary technique of analysis and
sample characterization in solid state. When scanning the
sample by the electron beam, multiple interactions occur:
absorption and electron energy loss, using an appropriate
detection technique that can transform into an electrical
signal the result of the interaction electron-material. The
scanning electron microscope (SEM) analysis uses main-
ly secondary electrons which are usually coupled with
that of backscattered electrons for “images” of the sam-
ple. Secondary electron mode, the information obtained
concerning the topography of the sample while backscat-
tered electron mode gives information about the variation
of the composition.

The SEM provides information on the shape and size
of grains after sintering. It also qualitatively assesses the
presence of porosity and secondary phases. We also pre-
sent the Figure 7 image corresponding to sample B2 sin-
tered at 1150°C. In Figure 8 the image of the sample B2
sintered at 1180°C.

For the B, sample (doped with 2% Sm, 2% Nd), this
composition is doped with 4% in site A, there is a grain
growth. Grain distribution is uniform over the almost
entire surface of the sample. The average grain size in-
creases with increase in the sintering temperature of 1.71
pm at 1150°C up to 3.6 um at 1180°C.

It is important to note, for all samples, that no parasite
phase was observed on the SEM micrographs.

The EDS analysis allows the identification of the ele-
ments constituting of our PZT ceramics doped in Site A
with (Sm, Nd) and doped in Site B with (Y, Mo, Ni) and

Copyright © 2013 SciRes.

observing whether phase secondary. From the analytical
results for samples: B5 (20% doped), B4 (10% doped),
B3 (6% doped), B2 (4% doped), B1 (2% doped) sintered
at 1150°C, (Figure 9) we can clearly observe the peaks
of the main detecting elements of Pb, Sm, Nd, Zr, Ti and
O for samples of composition B3, B4, BS with an excess
of dopants in site “A” (3% Nd, 3% Sm), (5% Sm 5% Nd),
(10% Nd, 10% Sm) respectively. But for the other two
compositions: B1 and B2 is noted that the existence of

Figure 7. Scanning electron micrographs of the composition
B2 sintired at 1150°C.

Figure 8. Scanning electron micrographs of the composition
B2 sintired at 1180°C.
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Figure 9. EDS spectrum of B2 sample sintered at 1150°C.
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peaks detecting elements Pb, Zr, Ti, Sm and O, With re-
gard to other elements of the matrix Nd in site “A” and
(Y, Mo, Ni) in site “B” are all absent. We also observed
that no peaks representing the impurities.

4. Conclusions

This work is devoted to the study of the reaction se-
quence of the formation of the solid solution
Pb,xSmNd,[(Zr 55Tip,45)1-0.02,0-01(Y23,Mo04,3),
0.01(Y2/3,Niy3)]O;. We have proposed a mechanism by
three steps:

PbO + TiO, — PbTiO; 600°C - 700°C

PbO + ZrO, — PbZrO; 700°C - 750°C

PbTiO; + PbZrO; — PZT > 750°C

The different spectra obtained by FTIR confirm our
results suggested by X-ray diffraction.

The EDS analysis allows the identification of the ele-
ments constituting of our PZT ceramics we can clearly
observe the peaks of the main detecting elements of Pb,
Sm, Nd, Zr, Ti and O for samples of composition B3, B4,
BS5 with an excess of dopants in site “A” but for the other
two compositions: B1 and B2 is noted that the existence
of peaks detecting elements Pb, Zr, Ti and Sm (see Ta-
bles 2 and 3). With regard to other elements of the matrix
Nd in site “A” and (Y, Mo, Ni) in site “B” are all absent.

The SEM provides information about the shape and
size of grains after sintering. The average grain size in-

Table 2. Results obtained by EDS spectrum of B2 sample
sintered at 1150°C.

Element % Mass % Atomic
OK 28.54 77.22
TiK 5.55 5.01
ZrL 14.52 6.89
SmL 1.75 0.50
PbM 49.65 10.37

Totals 100.00.

Table 3. Results obtained by EDS spectrum of B5 sample
sintered at 1150°C.

Element % mass % Atomic
OK 34.48 80.26
TiK 4.79 3.72
ZrL 16.09 6.57
NdL 7.41 1.91
SmL 12.41 3.07
PbM 24.83 4.46

Totals 100.00.

Copyright © 2013 SciRes.

creases with increase in the sintering temperature of 1.71
pm at 1150°C up to 3.6 um at 1180°C. For samples B4
and B5, which are doped in A site with 10% and 20%
respectively, shows that the grain distribution is fairly
uniform over the entire surface of the sample. The com-
position is less dense and therefore more porous. It is im-
portant to note, for all samples, no parasite phase was ob-
served on the SEM micrographs. This observation is con-
firmed by analysis EDS.
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