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Abstract

Sintered ceramic powders of cerium-doped lead &t&ariPg,.,CeTi; O3) ceramics with different Ce dopant
concentration in the range (x=0-0.1) have beengrezpusing a sol-gel chemical route. The sol-ggirngue is
known to offer better purity and homogeneity, aad gield stoichiometric powders with improved prdjes at
relatively lower processing temperature in commariso conventional solid-state reaction. X-ray mdiftion
(XRD) scanning electronic microscope (SEM) and Ras@ectroscopy studies have been carried out ttifige
the crystallographic structure and phase formation.

The refinement of the structural parameters wasezhiout by the Rietveld method. PCT exhibit tetnagj
symmetry with the perovskite structure.

The dielectric properties as a function of frequenand phase transition studies on sintered cesamic
Ph,.1CeTi1x03(x=0.03) has been investigated in detail over sevnperature range 30-500°C and the results
are discussed.

Keywords: A. ceramics; B. x-ray diffraction; C. Raman sjpescopy; D. dielectric; C. properties; E. Ce-
modified.

Introduction
After the discovery of ferroelectricity in ABO- type perovskite BaTig) (barium titanate), in 1945, there has
been a continous succession of new materials ahaidédogy development
s that have led to a significant number of indas@ind commercial applications that can be direnthdited to
this most unusural phenomenon. Among these apiplicatire high-dielectric-constant capacitors, padectric
sonar and ultrasonic transducers, radio and conuation filters, pyroelectric security surveillandevices,
medical diagnostic transducers, stereo tweeterszdrs, gazignitors, positive temperature coeffici@r C)
sensors and switches, ultrasonic motors, electioéight valves, tri-film capacitors, and ferroefgc thin-film
memorieq1]
In recent years, PbTO(PT) based ferroelectric ceramics have attractéehtion due to their high Curie
temperature of 490°C and low dielectric constardlmsut 200. Dielectric and pyroelectric propertéshe films
and ceramics may be tuned for specific applicaliprappropriate doping. Analysis of the literatun®ws that
among doping elements L2-8] was the most investigated element. The behaviastioér elements of the
lanthanide series has been investigated systenhatioainly in bulk ceramics. Park et g9] prepared and
investigated 3mol % of La, Nd, Sm, Gd, Dy, Ho, Exdarb (Ln in the following) doped PLZT ceramics.
Properties of La, Sm and Er modified PZT ceramiesenalso reported by Pramila et[a0] and shannigrahi et
al. [11]. Pavlovic et al[12,13] have reported the effect of 50 and 100 mol % ofiGging on the structure and
dielectric properties of bismuth titanate (BT) cuaies.
Properties of Ce modified barium zirconium titangdBZT) ceramics, Aurivillius-type sodium lanthanum
bismuth titanate (NLBT) ceramics were also repotigd-eng et al[14] , and Wang et a[15]. Furthermore,
investigation of Ce doping on PbTj@eramics are still lacking. In a recent work wpaied on structural and
dielectric properties of Ce doped ,RhCeTi;Os; in comparison to non-doped ofie6]. The results of the
structural characterization demonstrated that thetire does not depend on the concentration ridiroebut is
sensitive to 14mol% of La doping.
In the present paper emphasis is put on only thectsf of cerium doping on the structure and dielect
properties of PbTi@ceramics. Ce doped lead titanate ceramics wer@naat by a sol-gel route. The lattice
parameters were calculated using XRD analysis. &fbex, we have studied the effect of Ce-modified With
one concentration of cerium (3 mol%), on the diglecconstant and loss tangent as well as the itrans
temperature, and have compared our results to tepseted on PLT ceramics and thin films.

1. Experimental
Distilled water, acetic acid and lactic acid basettgel method was utilized to fabricate cerium etbpead
titanate ceramics with different doping levels. Tiha@w chart diagram orFig.1 illustrates the process of
precursor solutions preparation. Lead acetatepmwercetate and titanium alkoxide were provided hykd
chemical, Inc, Germany. 10 mol% of Pb excess vestged solution to compensate lead volatility & th
subsequent high temperature treatment, R6¢,Ti; O3 stoichiometric composition was chosen to calculbée
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amount of reagents. 1, 3, 6 and 10 mol% (x=0.003,00.06 and 0.1) of Ce was designated to repléemdie.
Lactic acid and distilled water were heated, arndrafdding titanium isopropoxide a white precigtat formed,
under stirring, at 80°C during 12 hours (peptizatiowhich transforms into clean transparent sole Th
stoichiometric amount of corresponding lead acesat# cerium acetate hudrate were dissolved sepaiate
acetic acid and were heated at 80°C for half am tmremove the water content, and cooled dowrDf&€8then
stoichiometric amount of transparent sol was addethe solutions in stirring conditions. A small aumt of
distilled water was added to get the final solutibhe mixed solution was kept at 60°C for 48h tbthe clear
transparent gel. The gel was then dried at 100°inirolled aven for 72h and then a light brown gemwwas
obtained. The oven dried powder was cold presseddisks (pellets) using a uniaxial press. Thegtellvere
then sintered for 4h at 1100°C.
Crystalline quality of the powder calcined specimevas studied by X-ray diffraction (XRD). Microsttures
of the ceramic samples were analyzed by scanniegtreh microscopy (SEM). Dielectric constam) and
dielectric loss (tab) of the samples as a function of temperature (30CC) at frequency (100Hz-1MHz),
were obtained using a LCR-meter HP4284A.

2. Results and discussion
3.1 DRX analysis
Phase composition was examined by means of XRDysisaFig. 2 illustrates the X-ray diffraction (XRD)
pattern obtained on the prepared Ce-doped leathtéa(PCT) powders by sol-gel technique as a fonabf
varying additive Ce content (0-10 mol%). All theage were indexed and lattice parameters were digtedm
and refined using Rietveld method.
The XRD spectra showed distinct peaks corresponain(@01, 100), (101, 110), (111), (002, 200), (12Q1),
and (112, 211) planes for all the samples indigatiearly the onset of tetragonal splitting (Fig. Rigure 3
shows the XRD pattern of non-doped lead titanataroi, which indicates a good crystallization irthe pure
tetragonal perovskite phase with no second phadasion. The spectrum is very similar to those regub by
many research groups for PT ceramics depositedlbyes method17-19]
Compared to pure PT, a small amount of shift ioles] in the peak positions indicating a small geaim the
lattice parameters in Ce-doped PT.
The lattice parameters estimated for these comarelshown in tablel.

Composition Nature of a (A) c(R) Unite cell cla
(mol%) phase volume(A®)
0 3.892 4.146 62,802 1.0652
1 3.900 4,128 62,786 1.058
3 Tetragonal 3.902 4.123 62,775 1.056
6 3.902 4,123 62,775 1.056
10 3.909 4.084 62,404 1.044

Table 1: Lattice parameters and unit cell volume of Ce-rfiediPT ceramic compositions

It is important to note that the value of lattiGrameter along c-axis starts decreasing slowly inithease in the
value of x, whereas the lattice parameter (a) skoae opposite trend. The results are in agreeméhttie
presence of tetragonal splitting in the XRD speesaliscussed earlier. One can infer that thegetraity (c/a
ratio) in the prepared PCT ceramics decreases r@®52 to 1,044 with an increase in x from 0 tonidl%
respectively (Tablel) .
The results indicate that the ceramics are weltatlized into the tetragonal perovskite phase, thatl the Ce
dopant has no remarkable effect on the structuleaaf titanate ceramics.

2.2 SEM micrograph
SEM micrographs of annealed powders at 700°C atiddaramic sintered at 1100°C (4h) for PT samples a
represented ifigures 4 a and brespectively.
Grains of PT powders are fine and approximatelyiczahaped, uniformly distributed and very develapElde
average diameter of PT particle powder is abouni#b(Dense ceramic with regular size of grains ofvi€fe
obtained after sintering pellets at 1100°C for 4isas shown on figures 4b, with a domino structorestituted
by real spheres which demonstrated the sol-geleg@erformances. The estimated grain diameterTof P
ceramics is 6,m.

2.3 Raman spectroscopy
Raman scattering study is a very sensitive tootHerdetermination of phase purity and lattice d&fi20]. The

first-order Raman spectra of tetragona} JIPbTiO; have been reported by Burns and SE&it} and exhibit well
— defined phonon modes. There are 12 optic modéiseircubic phase of PbTiOthree triply degenerafé,,
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modes (infrared active and Raman inactive), and tapy degenerate ;L mode (Both infrared and Raman
inactive). Theses modes split as in the tetragphase.

Tw - A+E ,  h - E+B
A; and E modes split into transverse optic (TO) amdjitudinal optic (LO) components by long-range Bob
forces when propagating along symmetry gd%&$. Fig .6 shows the Raman scattering spectra recorded on PCT
ceramics at room temperature with different valies
Fig.5 shows Raman spectra of crystallized powders off&ifnan modes of PT have been assigned according to
the original work of burns and sc¢®2]. The presence of ten active phonons modes appeami®PT spectrum
implies that of the tetragonal phd2éa-25]. Low distortion of the tetragonal structure witit@rporation of Ce is
revealed by a decrease of intensity of the peaks; shift toward low or high frequencies, and th@badening
(Fig.6).
From structural analyses we can notice, firstlgnfrXRD analysis, that the change of Ce-doped Piepsat are
very small than of PT and, secondly, by examinignBn spectra, we can observe that softening modd9E
and E(2L0) localized in Raman spectrum of PT, a6 8d 444,9 respectively completely disappeanenge in
broadening bands in the case of Ce-doped PT. Thwdoped PT process eight bands instead of temausa
PbTiO,. Furthermore, Incorporation of cerium does nduigifice significantly the spectrum corresponding o
as shown on figure 5.

2.4 dielectric analysis
Dielectric constant and loss tangent as functiohsemperature, measured at different frequenciesttie
samples PCT sintered at 1150°C for 4h are showRigm7). With temperature increasing dielectric constant for
both Ce-modified PT ceramic with x=3 mol% increasesl reaches a maximum at around 240°C which is
considerably lower than the value of 490°C for pRWig19] . This is a consequence of the incorporation oiniCe
the PbTiQ lattice which has given rise to a slight crystdtite distortion.
Loss tangent (tad) decreases with frequency and increases with teatye, with the obvious change in slope
at the temperature of the maximum of the dieleatdostantFig.8). The loss tangent at 150°C and frequency
range between 50 kHz and 1 MHz is inferior to 0Of@5the PCT-3. The increase in the dielectric losth
temperature is correlated with increasing eleetrid ionic conductiof26].
It should also be noted that strong frequency dpe is not observed around the dielectric congteak for
the Ce modified sampleFig.7). The temperature f corresponding to the maximum value of the dieiect
constant, is shifted to higher temperature andnh&imum value of the dielectric constant is relglyvstable
with increasing frequency.
It is well known that the dielectric permittivityf mormal ferroelectric above the Curie temperatioeys the

Curie-Weiss law described by:
C

(T>TY)

Where C is the Curie-Weiss constant ang, & the Curie-Weiss temperature. In relaxor fdecteic materials
this law is valid only at temperatures much higihan temperature of maximum relative dielectricatant T,
(typically by hundreds of degredg&)7].
Fig. 9 shows the inverse of as a function of temperature at 200 kHz. The diagcorresponding to PCT3
indicates that far above the Curie temperatureedigt permittivity follows the Curie-Weiss law arad the
Curie temperature has a maximum value &T,.). The fact that the Curie-Weiss temperatugg, & PCT3
ceramic is lower than the Curie temperature traomsit,, (Table 2) is expected from the order transitiotwieen
the paraelectric and ferroelectric phases.

Samples em(Tm) tand Tew Tm(°C) C (Curie Cst.)

PCT3 1412 0.05 164 243 0.77°10

E =
T—Tou)

Table 2 — Dielectric parameters of sol-gel — detifACT3 ceramic at 200 kHz.
Moreover, the value of the Curie-Weiss constaaratind110° suggests a displacive nature of this transition.
Table 3 gives a comparative study of Tc of PCT BhE&T with those reported in previous studies [86f2r a
percentage of Ce near 3 %. Doping of 3 % at. op@euces a decrease of Tc from 490 °C (PbTiO2¥®°C
which is in good agreement with that reported bya&bess [16].

Samples xmol%(Ce) Nature T(°C) Ref.

PLT 3 Ceramic 230 [16]

PT 2 Thin film 442 [28]

PT 3 Ceramic 243 This study

Table 3.Comparison of Curie temperatures Tc of PLT (14mb&)p, PT ceramic and PT thin films
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Conclusion

Cerium-modified lead titanate PbTil-x@k (x=0-10 mol%) samples were prepared using thegsbprocess.
Structural and microstructural characterizationghaf samples were performed using DRX, SEM and Rama
spectroscopy. Consequently, the PT ceramic cliggtslin the pure tetragonal structure, while vdtiping with
Ce, a small change in the tetragonal structureTob&urred at 700°C, without the presence of ampisgary
phases apart PbO as it was added in excess irefiagtohg materials to compensate its volatilizationing heat
treatments. A very good texture was obtained fa $ample sintered at 1100°C. Dielectric measuresnent
performed on PCT3 ceramic displays one anomaliiéntémperature range of 30-500°C. This anomalgat&tu

at 243°C is due to the Curie-Weiss transition. Thee transition exhibits a relatively broad pela&wever, the
paraelectric behaviour of this sample remains gy a simple Curie-Weiss law, Besides, the valuh
Curie-Weiss constant suggest a displacive natutiei®transition.
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Fig.1. Flow chart for the preparation of PCT cereani
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(a) (b)
Fig.4- SEM micrographs of PT annealed powder af@Q@) and sintered pellets (1100°C) (b).
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Fig.5: Raman spectra of PT annealed at 700°C.

12



Advances in Physics Theories and Applications

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online)

Vol.31, 2014

www.iiste.org

JLNT}
ST

Raman Intensity
100000 150000 200000 250000 300000

50000

0

700000
L

500000

Raman Intensity

300000

100000

0

R

|
i

\ P

i
\

/| AVAVRY &,

T
1000

T
800

A W Y N
T T

b
600 400 200

800000 1000000
L

Raman Intensity
400000 BO0000

200000

]

T
1400 1200

1000

T
300

N

Raman Intensity
300000 500000 00000
L I I '

100000

0

e e,

[

T T
0 400 200
T T T

Fig.6- Raman spectra of PCT1 (a), PCT3 (b), PCT6 (c) &itilP (d) ceramic

T T
1400 1200

1000

800

13

600 400 200



Advances in Physics Theories and Applications www.iiste.org

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) l/l—,i,l
Vol.31, 2014 “s E
2000
a
1500
g
i
[%2]
& 10004
(]
°
©
@
a
500 ]
Or——FT———7T 7T 7T T T T T T 71

0 50 100 150 200 250 300 350 400 450 500
Temperature[ ]

Fig.7 — Dielectric constant of PCT3 as a function of terapane, for seven frequencies.

10
9da
g [0 /
1 | 1knz “
2] | s50kHz
o | | 200kHz [
5 o] | aookHz
‘;- 1 | sookHz
4
g [——1MHz |
g °]
£ ]
3 44
< ]
a 34
2
14
0 ; T . ; - : 7 7 :
0 100 200 300 400 500

Temperature [ ]

Fig.8 —Dielectric loss tangent of PCT3 as a function afiperature, for seven frequencies.

0.004
0.003

1/e
r

0.002

0.001

0.000

T T T T T T
200 300 400 500
Temperature [} ]

Fig. 9- Inverse dielectric constant at 200 kHz as a famctif temperature for PCT3.
14



Advances in Physics Theories and Applications www.iiste.org

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) Jlﬂ,i,l
Vol.31, 2014 S'E
References

[1] G.H.Haertling, J.Am. Ceram. Soc., 82(4), (1999y-818.

[2] M.Alguero, M.L.Calzada, L.Parda, J.Mater. Rd<l,(1999) 4570.

[3] Y.-K.Tseng, K.-S.Liu, J-D.Jiang, I.-N.Ling, Apphys.lett., 72(1998) 3285.

[4] Y.M.Kang, J.K. Ku, S.baik, J.Appl.Phys., 78(12601.

[5] Y.Guaaybess, M.Moussetad, A.EImesbahi, S.SayddrMaanan, R.Adhiri, L.Hajji, O.Azaroual, Phys-
Chem. News, 53(2010) 34-38.

[6] A.EImesbahi, A.Khebeche, S.Sayouri, J.Catalt.Mav, 11(2003) 51-54.

[7] S.B.Majumder, M.jain, R.S.Katigar, Thin Solidrs, 402(2002)90-98.

[8] M.Kellati, S.Sayouri, N.El Moudden, M.ElaatmanA.Kaal, M.Taibi, Materials Research Bulletin,
39(2004)867-872.

[9] H.-B.Park, C.Y.Park, Y-S.Hong, K.Kim, S.-J.Kid,Am. Ceram.Soc.,82(1998)94.

[10]C.Pramila, T.C.Goel, P.K.C.Pillai, J.Mater. &eitt.,12(1998)1657.

[11]S.R.Shannigrahi, R.N.PChoudhary, H.N.Achertylater.Res.Bull.,34(1999)1875.

[12] N.Pavlovic, V.Kolval, J.Dusza, V-V.Srdic, Cenics Intertional, 37(2011)487-492.

[13] N.Pavlovic, V-V.Srdic, Materials Research Ratih, 44(2009)860-864.

[14] H.F, J.H, Y.Q, D.S, G.Y, Journal of alloys armimpounds 512(2012)12-16.

[15] C-M.Wang, L.Z, J-F.W,L-M.Z, J.D, M-L.Z, C-L.Wwa, Materials science and engineering B
163(2009)179-183.

[16] Y. Guaaybess, M. Maanan, R. Adhiri, M. MoussktA. El Mesbahi, S. Sayouri, L. Zarhouni, MATEC
Web of Conferences 5, (2013) 04036

[17] A.Singh, V.Gupta, K.Sreenivas, R.S.Katiyantial of physics and chemistry of solids 68(20019-123.

[18] A. EImesbahi, A. Khebeche, S. Sayouri, J. Ctat. Env, 11, (2003)51-54.

[19] Y. Guaaybess, M. Moussetad, A. ElImesbabhi,&08ri, M. Maanan, R. Adhiri, L. Hajji, O. Azaroual
Phys-Chem. News, 53(2010) 34-38.

[20] V.Gupta, P.Bhattacharya, R.S. Katiyar, M. Tonka Sreenivas, J. Mater. Res. 19(8) (2004) 2235.

[21] G.Burns, Bruce, A. Scott, Phys. Rev. Lett.22x{0) 1191.

[22] G.Burns, B. A. Scott, Phys. Rev. B7(1973)3088.

[23] W.D. Yang, Ceram. Int. 27, (2001) 373-384.

[24] C.Sanchez, J.Livage, M.Henry, F.Babonnealoh-Cryst. Solids 100(1988) 65-76.

[25] P. S. Dobal, S. B. Mjumder, R. S. BhaskarSRKatiyar, J. Rman Spectrosc. 30(1999) 567.

[26] A.Q. Jiang, G.H. Li, L.D. Zhang, Dielectritusly in nanocrystalline Bi4Ti3012 prepared by cheahi
coprecipitation, J. Appl. Phys. 83 (1998) 4878-4882

[27] O.G. Zaldivar, A.P. Barranco, F.C. Pinar, RNoda, L.V. Molina, A relaxation model by using a

relaxation times distribution for relaxor ferrodiges, Scripta Mater. 55 (2006) 927-930.
[28] S.lakovlev, C-H.Solterbeck, M.Es-souni, Jouimfeelectroceramics, 10 (2003) 103-110.

15



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros , . - I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

Ny _?ﬂ nh
s " \ Y i—-. '. .GE()R(;ET()“N UNIVERSITY
oclc &) WF {IBRARY

eeeeeeeeeeeeeeeeee UniverseDigitall
ccccccccc WorldCat R gy —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

