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ABSTRACT

In this paper we present a study the structural, temperature comportment
and electrical properties of the ceramic system SiO,-MoO,-Fe,O,:Nb,O,.
ThephasesA (SO,-Fe,0,-M00,), B (SO,-Fe,0,-MoQ, + 0.3% weight molar
Nb,O,) and C (SiO,-Fe,0,-M0oO, + 0.5% weight molar Nb,O,) was prepared
through the solid state reaction. The sampleswere analyzed by X-Ray Pow-
der Diffraction (XRD) together with the Rietveld refinement, Scanning Elec-
tron Microscopy (SEM), Energy-Dispersive Spectroscopy (EDS) analysis.
Thedielectric propertieswere measured in the frequency range 1Hz-1MHz
asafunction of temperature. The Temperature Capacitance Coefficient (TCC)
was measured for all samples. The obtained results are discussed and corre-
lated with the preparation method. The obtained results suggest that this
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ceramic matrix isagood candidate for temperature sensing.
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INTRODUCTION

Thesensitivity characteristicsof metal—oxide ce-
ramics*? have been extensively investigated in recent
years. Themetd tin dioxide (SnQ,) iswell-known ma-
teria for variousapplicationsincluding preparation of
semiconductor devicessuch asgas sensors®4, humid-
ity sensorg*® and varistorg®*. SnO,-C0,0,-Nb,O.-
Cr,O, ceramic materia exhibitsnot only varistor prop-
ertiesdiscussedin theliterature but a so humidity-sen-
sitiveproperties. Inthiswork wewill study the proper-

tiesof the ceramic system SiIO,-M00,-Fe,0,:Nb,O,
for possibleapplicationsasatherma sensor. Tempera:
turesensingin particular hasreceived great attention(*2.,
Thesilicon hasbeen used al ot asthermd sensor inthe
substrates form with oxides and polymers deposited
formed of thinfilmg*3. Thetemperature can havesuch
asignificant effect on materialsand processesat the
molecular levd, itisthemost widely sensed of all vari-
ables. Temperatureis defined as aspecific degree of
hotnessor coldnessasreferenced to aspecific scale. It
can aso be defined astheamount of heat energy inan
object or system*4,
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MATERIALSAND METHODS

Samplespreparation

Silicon Oxide(SI0O,) (Aldrich, 99.8%), Iron Oxide
(Vetec, 97%), Molybdenum Oxide (M0oO,) (Vetec,
99%) and Niobium Oxide (Nb,O,) (Aldrich, 99.9%)
were used in the ceramic system preparation. The
samples A (SiO,-Fe,0,-M0o0Q,), B (SiO,-Fe,0,-
MoO, + 0.3% weigh Nb,O,) and C (SiO,-Fe,0O,-
MoO, +0.5% weigh Nb,O,) wasground onaFritsch
Pulverisette 7 planetary mill. Millingwasperformedin
sted viasand balsunder air. Mechanica aloyingwas
performed for 3 hoursof millinginalcohol media. In
this casethemilling was used only to give agood ho-
mogeneity to the powder. All sampleswerecacinated
for 1 hour to 1300°C with rate of 5°C/min. The ob-
tained material was sinterizated in atwo step process:
450°C for 1 hour and after to 1300°C for 1 hour.

X-Ray diffraction (XRD) and rietveld r efinement

The X-ray diffraction (XRD) patternsdatawere
obtained at room temperature using powder samplesin
an X Pert MPD Philips diffractometer (with K radia-
tion, L =1.54056 A°) at 40 KV and 30 mA.. Intensity
datawere collected by the step counting method (step
0.02° and atime per step of 1s) between 20 and 60°
(20). Theanaysisof formation of system SO,-MoO,-
Fe,0,:Nb,O, wasinvestigated by X-ray Diffraction
using theRietveld method(*®.

Dielectric spectroscopy

Thesamples(bulks) for thedie ectric measurements
have diameters of 2 cm. The bulks were placed be-
tween two metalliceectrodes. Thethicknessesobtained
wereof theorder of 1mm. Measurementsof the com-
plex impedancewere carried out using an impedance
analyzer Solartron 1260A over thefrequency range of
1Hz-1MHz at room temperature (300K). The TCC
describesthe maximum changein capacitance over a
specified temperaturerange. The TCC was cal culated
usingthefollowingformula

_ [(CP(TZ)_CP(T)l)]
Tees [CP(Tl)(TZ _Tl)] (1)

where C(T,) isthemeasured capacitanceat T, (40°C)
and C(T,) isthe measured capacitanceat T, (90°C).
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Scanning electronic microscopy (SEM) and en-
er gy-disper sive spectroscopy (EDS)

Themicrogtructureof thefree surfacesampleswas
performed using the Scanning Electron Microscopy
(SEM), Hitachi $4100-1 system operating with beans
of primary el ectronsranging from 25 KeV. Thepellets
were covered with alayer of carbon of around 30 nm
inthickness.

RESULTSAND DISCUSSION

Figure 1-3 showed the XRD (Rietveld Refinement)
of sampleA, B and C respectively, confirmagood crys-
talinity of thedifferent phases®. Ascan be observed
infigure 1the XRD of thesampleA indicatesthat the
peak at X-Ray diffraction show that one hasthefor-
mation of two phases of SiO,*® with 82.20 % mass
(Tetragonal) and 8.42 % (Hexagona) and Fe,O, with
9.38% (rhombohedraphase) massinthe ceramic sys-
tem (TABLE 1). The R-WPfound to A sample was
17.13 % become sati sfactory, because typical values
are between 10 at 20%!". R-WP is the factor with
most statistical significanceand it refl ectsthe progress
of therefinement. Somefactorsthat arenot related to
the quality of the used model can increase or reduce
thevaueof R-WP; for instance, the presence of other
phasesin the materia increasesthe value of R-WP,
where as ahigh background reducesit®™, Infigure 2
and 3the XRD of thesamples B and Cindicatesthat
the X-Ray diffraction show the presence of two phases
of SIO,, with 79.29 % mass (Tetragona) and 8.57 %
(Hexagond) for B sampleand 81.27 % mass(Tetrago-
nal) and 7.97% (Hexagonal) for C sample. For both
samples one has Fe,O, phase (rhombohedra) with
10.42% (B sample) and 8.57% in sample C. Besides
Fe,O,, the growth of amonoclinic phase of FeNbO,
wasobserved with 1.71%in B sampleand 2.20%in C
duethedoped of Nb,O, inthe ceramic system (TABLE
1). TheR-WPfoundto B and C samplewas 15.27 %
and 15.25%, whichissatisfactory.

Infigure 4 one can observethat the sampleresis-
tivity isdecreasing with thetemperaturefor al samples
until 160°C when it beginsto increasein direct asso-
ciation with theincreasein thethermal energy of the
atomsinthedieectric. Withtheaddition of Nb,O_, the
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Figurel: Rietveld refinement of thesampleA

Figure2: Rietveld r efinement of thesample B

Figure3: Rietveld refinement of thesampleC
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Figure7: SEM micrograph of the sampleA with 20,000 X
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Figure4: Resgtivity (MQ.m) ver susTemperature (°C) of the
samplesA (H), B (@) and C (A) at 10K Hz of Frequency
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Figure5: &’ versusTemper ature(°C) of the samples A (H), B
(@) and C (A) at 10KHzof Frequency
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Figure6: Thetemperature capacitance coefficient (TCC)
ver susfrequency of samplesA (-H-), B (-@-) and C (-A-)
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Figure8: SEM micrograph of thesample C with 20,000 X
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Figure9: EDSof thesamplesA,Band C

ceramic system presented ahigher temperature sensi-
tivity (dR(Q)/dT(°C)). Thermd responsetimesarede-
termined by physica congtruction material and massof
the temperature-sensing element!*®, being the same
behavior observed infigure 5 with theincrease of the
didectric permittivity asafunction of temperaurevaria-
tion. The ceramic systems are good thermal conduc-
tors, then becoming avery effective sensor. We mea-
sured thethermal response of the samplesinthetem-
perature range of 30°C to 220°C. The samples pre-
sented arelatively fast thermal response. Thisfact be-
comes moreimportant if we aretaking into account
that theelectrical contacts geometry and the size (and
mass) of the sensor were not optimized for the con-
struction of adeviceready for use. At 1 KHz, 10 KHz,
100KHz and 1 MHz thesamplesA, B and C showed
valuesfor the TCC parametersof 783ppm/°C (1 KHz
sample C) and 41ppm/°C (1 MHz sample A) (TABLE
2). The TCC parameters decrease with theincrease of
frequency (Figure6). Theseresultsindicatethat inter-
facid effectsplay animportant roleinthedectrica prop-
erties of the samples, especially at low frequency
ranges?,

Themorphology of the ceramic syslemwasinves-
tigated by meansof SEM. In Figures 7-8 onehasthe
samplesA and C witha20,000X amplification factor
respectively. Comparing the SEM figures one can no-
ticethat the scanning €l ectron photomicrograph of the
ceramicsreved ed that the presence of theNb, O, (cross
mark infigure 8) decreaseto aspherical morphol ogy.
With the increase of the presence of the Nb,O, the
grainsareaggregating together forming plates. Thekind
of grain clustering behavior will bevery critical inthe
electrical propertiesof the ceramics. Energy dispersive
spectroscopy (EDS) analysis (Figure 9) showed that
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TABLE 1: Rietveld Refinement of thesamplesA, B and C
with R-WP (%), R-Exp (%) and weight (%) of phases

% weight
SiO; (1) SO, (2) Fe,0O3 FeNbO4

Samples R-WP (%) R-Exp (%)

A 17.13 14.08 82.20 842 9.38
B 15.27 11.30 79.29 857 1042 171
Cc 15.25 12.46 81.27 797 857 220

TABLE 2: TheTemper atureCapacitance Coefficient (TCC) at
1KHz 10KHz,100KHzand 1MHzfor SamplesA,Band C

1KHzTCC 10KHzTCC 100KHzTCC 1MHzTCC

Samples

(ppm/°C) (ppm/°C) (ppm/°C) (ppm/°C)
A 208 167 72 41
B 718 381 155 48
c 783 373 151 85

themain elementsof the samplesA, B and C powder
were carbon, oxygen, silicon, iron and niobium. We
just observed niobium in sample C probably dueto %
inweight of FeNbO, foundin B tobesmaller.

CONCLUSIONS

In this paper we present astudy the structura and
electrical propertiesof theceramic sytem SO,-MoO.-
Fe,0,:Nb,O, for temperature sensor applications. The
phasesA (SIO,-Fe,0,-M00,), B (S0O,-Fe,0,-MaO,
+ 0.3% weight molar Nb,O,) and C (SiO,-Fe,0,-
MoO, + 0.5% weight molar Nb,O,) was prepared
through the solid statereaction. The X-Ray diffractions
show agood crystallinity of thedifferent phases. The
valuesof R-WPfound to samplesA, B eCwassatis-
factory (17.13; 15.27 and 15.25 respectively), because
the typical values are between 10 at 20%. With the
addition of Nb,O,, the ceramic system presented a
higher temperature sensitivity (dR(Q2)/dT(°C)) causing
larger sensibility to thetemperaturevariation and in-
creaseinthedidectric permittivity (Figure5), and show-
ing that the studied ceramic system can be used as sen-
sor of temperature. With theincrease of the presence
of theNb,O, thegrai nsare aggregating together form-
ing plates. Thekind of grain clustering behavior will be
very critica inthedectrica propertiesof the ceramics
becausethedid ectric permittivity decreasngdowlyin
sample C with theincrease of temperature demonstrat-
ing behavior of ionic jump effect and spaceload, re-
sulting ingrowth of the concentration of load transport

e, P pterioly Science

Hn Tndéan g%wumé



16 Electrical study of the ceramic matrix system (SiO,-Fe,0,-M00O,)

MSAIJ, 7(1) 2011

Full Poper =
with addition of niobium oxide.

ACKNOLEDGEMENTS

Theauthorsthank thiswork to LOCEM (Physics
Department, Federd University of Ceara-Brazil) for the
useof theirslaboratoriesfor samples preparation and
X-Ray andysis, CNPg-CT-Petro (Brazilian Agency).

REFERENCES

[1] U.Lampe, J.Gerblinger, H.Meixner; SensorsandAc-
tuators B, 26, 97-104 (1995).

[2] Y.Shimizu, M.Shimabukuro, H.Arai, T.Seiyama;
Chem.Lett., 7, 917-920 (1985).

[3] T.Seiyama, A.Kato, K.Fujiishi, M.Nagatani;
Anal.Chem., 34, 1502-1503 (1962).

[4] B.M.Kulwicki; J.JAm.Ceram.Soc., 74, 697-708
(1991).

[5] E.Traversa; Sens.ActuatorsB, 23, 135-156 (1995).

[6] A.B.Glot, A.M.Chakk, B.K.Chernyi, A.Y.Yakunin;
Inorg.Mater., 10, 1866-1868 (1974).

[7] A.Y.Yakunin, B.K.Chernyi, A.M.Chakk, A.B.Glot;
Inorg.Mater., 12, 803-805 (1976).

[8] A.B.Glot; Inorg.Mater., 20, 1522-1523 (1984).

[9] A.B.Glot, A.RPZlobin; Inorg.Mater., 25, 274-276
(1989).

[10] PN.Santosh, H.S.Potdar, S.K.Date; J.Mater.Res.,
12, 326-328 (1997).

[11] S.A.Pianaro, PR.Bueno, E.Longo, J.A.Varela;
Ceram.Int., 25, 1-6 (1999).

[12] G.Cocorullo, C.F.GDella, M.Lodice, |.Rendina,
PM.Sarro; Sensors and Actuators A, 61, 267-272
(1997).

[13] W.Yan, H.Li, J.Liu, J.Guo; Sensors and Actuators
A, 136, 212-215 (2007).

[14] A.V.Gaponov, A.B.Glot, A.l.lvon, A.M.Chack,
GJ.C.Jimenez-Santana; Materials Science and En-
gineering B, 145, 76-84 (2007).

[15] R.A.Yong; ‘Introduction to the Rietveld Method’,
The Rietveld Method, International Union of
Crystallography, 1% Ed., (1995).

[16] Joint Comittee on Powder Diffraction International
Centre for Diffraction Data-JCPDS FeNbO, (71-
1849); SO, (82-1404[ 1] and 83-2467[2]) and Fe,O,
(84-0310)].

[17] C.C.Silva, M.PF.Graga, M.A.Valente, A.S.B.Som-
bra; Physica Scripta, 79, 055601-055607 (2009).

[18] J.C.Adenilson, M.B.Olivia, D.Edgar, C.G.Jose,
R.M.Joao; Diamond & Related Materials, 16, 1652-
1655 (2007).

[19] F.N.A.Freire, M.R.P.Santos, F.M.M.Pereira,
R.S.T.M.Sohn, J.S.Almeida, A.M.L. Medeiros,
E.O.Sancho, M.M.Costa, A.S.B.Sombra; J.Mater.
Sci:Mater Electron, 20, 149-156 (2009).

Watariosy Stience  mm—.
A VMW



