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ABSTRACT

TheSr,TaO,+ (x) B*,0, ceramics, [B’=La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y,
Er and Yb] for x = 0-15 have been synthesized by a different solid state
ceramic route without any sintering aid. Sr(B’,,,Ta, ,)O, perovskites were
prepared by Sr,Ta,0,: B’,0, = 1:1 method. The microwave dielectric
properties of the ceramicswere investigated and could betuned by varying
the B”,0, content. The structure and microstructure of the ceramics have
been characterized by X-ray diffraction and SEM techniques. Thedielectric
properties of Sr(B’,,Ta, ,)O, ceramics depends on RE- ionic radii. Nearly
zerot, for Sr,Ta,0, + (X)Sm,0, was obtained for x = 13. The Sr,Ta,O,+ B’,0,
ceramics[B’=La, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y, Er and Yb] have & =27.9-
33.2,Q, x f=6200-56400 GHz and 7, = -71t0 -35 ppm/°C. A dlight deviation
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from stoichiometry affects the dielectric properties of these ceramics.
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INTRODUCTION

Microwavedidectric materialsplay akeyrolein
our global society with awiderange of applications,
from terrestrial and satellite communication including
softwareradio, GPS, and DBSTV to environmental
monitoring viasatdllite. Inthelast few decades, awide
range of dielectric materialshave been devel oped for
the microwave applications*® especialy intherapid
growth of wirelesscommunicationindustry. A small ce-
ramic component madefrom adielectricmateria isfun-
damental to the operation of filtersand oscillatorsin
several microwave systems. Several types of micro-
wavedidectric material shave been studied to meet the
requirements of themicrowave applications®?. Some

of the complex perovskites had been found to have
excellent microwavedie ectric propertied?*3, In mi-
crowavecommunications, die ectricresonator filtersare
used to discriminate between wanted and unwanted
sgna frequenciesinthetransmitted and recelved sig-
nal. For clarity itisaso critical that thewanted signal
frequencies are not affected by seasonal temperature
changes. In order to meet the specifications of current
and futuresystems, improved or new microwave com-
ponents based on dedi cated dielectric materialsand
new designsarerequired. Thefrequency determining
component (resonator) used in such ahigh frequency
devicemust satisfy certain criteria. Thethreeimportant
characteristicsrequired for adielectric resonator are
(a) high did ectric congant which facilitatesminiaturiza:


mailto:lakhalam@gmail.com

204

Tunable Sr,Ta,0,-B”,0, [B* = La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y, Er and Yb]

MSAIJ, 9(6) 2013

Full Poper ===

tion (b) high quality factor (Q_xf) which improves the
sgna-to-noiseratio, (C) low temperature coefficient of
theresonant frequency which determinesthe stability
of thetranamitted frequency.

Recently, we have reported*>' Sr(B*, . Ta, ,)O,
and Sr(B*,,Nb,,,)O, [B’ = La, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Y, Er and Y b] ceramicswith interesting
dielectric properties. Proper densification of these ce-
ramicswas obtained only with the addition of Nb,O,
and CeO, as sintering aids. In the present paper we
report an alternate concrete method of preparation of
phasepureSr(B’ ,Ta ,)O, ceramics[B’=La, Pr,Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Y, Er and Y b] without any
sintering aid. The aim of the present work was (i) to
adopt adifferent method inthe preparation of Sr(B’,
,1a,,)0, ceramicsfor better dielectric propertieswith-
out any snteringadand (ii) to study thevariaioninthe
dielectric propertiesof Sr(B’, ,Ta,,)O, by off stoichi-
ometry.

EXPERIMENTAL

Thedrontium-lanthanide-tantulum-oxideceramics
were prepared by conventiona solid state ceramic ox-
ideroute. Thestarting reegents S'*CO, (Aldrich Chemi-
cal; 99.9%), rare earth oxides (Treibacher; 99.99%)
and Ta,O, (Nuclear Fuel Complex, Hyderabad, 99.9%)
wereweighed in stoichiometric ratio, mixed thoroughly
indistilled water by ball milling for 48 hours. We have
prepared single phase Sr,Ta,0, by mixing SrCO, and
Ta,O inthemolar ratio4:1 and heating at 1250°C/4 h.
Rare earth oxide powderswere separately calcined at
1250°C for 4 hours. Therare earth oxideswere sepa-
rately mixed with Sr,Ta,O, in different ratios, again
groundwdl, mixed with 3wt.% PVVA solution (ashinder;
molecular wt. ~ 22000) and dried, pelletized and sin-
tered at 1600°C/4h. It wasthen pressed into discs (14
mmindiameter and 7-10 mminthickness) under apres-
sureof 150 MPa. The green compactswere sintered
at 1600°C/4 h. The bulk densities of the sintered
sampleswere measured by Archimedesmethod. The
crystal structure and phase purity of the sintered
sampleswere examined by X-ray powder diffraction
using Cuk  radiation (Philips X’pert PRO MPD X ray
diffractometer; Philips, Eindhoven, The Netherlands).
Themicrostructures of sintered and thermally etched
sampleswere recorded using Scanning Electron Mi-
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croscopy (JEOL-SEM 560LV, Tokyo, Japan). The
samplesfor SEM were polished and thermally etched
at atemperature 50°C bel ow the sintering temperature
for 30 minutes. The dielectric constant was obtained
by the Hakki and Coleman method™ usingthe TE
mode, and the quality factor was cal culated from the
TE,,, mode by the cavity method"®. Thet, was mea-
sured by noting thetemperaturevariation of TE,, reso-
nancefrequency by heating the samplein thetempera-
turerange 25-75°C. Thevariation of resonant frequency
isplotted asafunction of temperatureand 7, isevalu-
ated from the d ope of the plotsusing the equation.

1 Af

T =——

fo AT

Where f, istheresonant frequency and Af isthechange
infrequency during atemperatureinterva AT.

RESULTSAND DISCUSSION

In a previous work we have synthesized Sr(B’,,
,1a,)0,[B’= La, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Y, Erand Y b] ceramicsby mixing SrCO,, B’,O, and
Ta, O, inthemolar ratio 4:1:1. The densification and
materid formation wasincompletewithout theaddition
of Nb,O, as sintering aid even after fired at 1600-
1625°C/4h. It was clearly evidenced by the surface
morphology (Figure 1) of a representative sample
Sr(Sm,,,Ta )0, prepared in the 4:1:1 method at
1600°C without any sintering aid. Thesecondary phases
were compl etely disappeared and densified to 98% of
the theoretical density with the addition of 0.5 wt%
Nb,O, assintering aid™. Inthe present work, wesyn-
thesized different compositionsof Sr,Ta,0,+(x)B’,O,,
wherex = 0to 15 and werecharacterized. Thevaria-
tioninthedensitiesof Sr,Ta,0,+ B’,0, compositions
was corresponding to the variation in the densities of
B’, elements(asshowninFigure2).

TheX-ray powder diffraction pattern of Sr,Ta,O,
isshownin Figure 3a It wasnoted that the structure of
Sr,Ta,O, iscubic in agreement with JCPDSfile 11-
575. Among therareearth oxides, Sm,0O, was sel ected
asarepresentativefor the characterization. X-ray pow-
der diffraction pattern of Sm,O, heated to 1250°C/4h
isshownin Figure 3b. It hasmonoclinic structurein
agreement with JCPDS 42-1464. The calcined pow-
dersof Sr,Ta,0,and Sm,O,weremixed well in differ-
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ent molar ratio (1:x, wherex = 0-15) and the compacts
weresintered at 1600°C/4h. The XRD patternsof the
composition with Sr,Ta,0,and Sm, O, mixed in the
molar ratio 1:1 without any sintering aid (Figure 3c)
showstetragonal structuresimilar to that of thesingle
phase Sr(Sm,,Ta ,,)O, obtained as in the previous
study*?. Addition of 1 moleof Sm,O, loweredthe cu-
bic structureof Sr,Ta,O, totetragonal with theforma-
tion of pure ternary phase Sr(Sm,,Ta, ,)O,. Further
addition of morethan 1 mole of Sm,0O, to 1 mole of
S, Ta,0, formed amixture phase of tetragond Sr(Sm,,
,1a,,,)0, and monoclinic Sm,O,. Figure 3d showsthe
mixture phases of tetragonal Sr(Sm,,Ta ,)O, and
monoclinic Sm, O, when Sr,Ta,0, and Sm,0O, were
mixed inthemolar ratio 1:1.5 and sintered at 1600°C/
4h.

o - -
Figurel: Themicrostructureof pureSr(Sm,Ta, )O,ce-
ramic prepar ed in the conventional ceramicroutewithout
any sintering aid at 1600°C/4h. Thematerial wasunder for-
mation.
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Figure2: Showsthecorresponding variationsin thedensties
of Sr,Ta,0,+ B’,O, compositionsand B’ elements against
theB’-ionic radii.
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Figure3: Showsthe XRD patternsof (a) S, Ta,0,, (b) Sm,0,,
(c) pure Sr(Sm,,Ta )0, and (d) mixture of Sr,Ta,0,and
Sm.0..

grains, (b) partial formation of Sr(Sm,,,Ta, ,)O, when sin-
tered at 1550°C, (c) Single phase Sr(Sm,,Ta,,)O, when
Sr,Ta,0,and Sm,0, werecombined in themolar ratio 1:1
and heated at 1600°C/4h and (d) unreacted Sm,0,amongthe
ternary grainswhen Sr,Ta,0, and Sm,O, wereadded in the
molar ratio 1:1.5and sinter ed at 1600°C/4h.

Figure4ashowsthemicrostructure of well packed
and phase pure Sr,Ta,O, grainsof size 5-20 um. The
density and di€lectric propertiesof Sr,Ta,O, aregiven
iNTABLE 1. The Sr,Ta,O, hase =38, T, =-10 ppm/
°Cand Q, * f=5600 GHz while Sm, O, hase =24, t,
=20 ppm/°C and Q, x f=36000 GHz. The role of
Sm,O, on Sr,Ta,O, ceramic wasinvestigated by the
addition of Sm,0, in0-15mole separately toonemole
of Sr,Ta,O, and sintered at 1600°C/4h. Thevariation
inthe dengitiesand did ectric propertiesof the compo-
sitionsweremeasured and given in TABLE 1. Densi-
tiesof thecompositionsincreased uniformly with Sm,O,
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content asshown in Figure 5a. Dielectric constant of
S, Ta,O, rapidly decreased withthe addition of 1 mole
Sm,O, (see Figure 53). The t, of Sr,Ta,O, ceramic
increased to large negative value dueto theformation
of Sr(Sm,,,Ta )0, at Sr,Ta,0,:Sm,0, = 1.1 asshown
in Figure 5b. Further addition of Sm,O, to 1 mole of
Sr,Ta,O, decreased the negative value of T, and then
brought to positivevaue. Addition of 13moleof Sm,O,
to 1 moleof Sr,Ta,O, couldtunethert, to nearly zero
value (showninFigure5h). Thiscompositionhase =
28.4,1,=-0.5 ppm/°C and Q, x f= 28200 GHz. In
the previousreport*4 dielectric propertiesof Sr(Sm,,
,1a,,,)O, ceramic wastuned with theaddition of TiO,.
Addition of TiO, increased the diel ectric constant but
deteriorated the Q, x f to very low value (<10,000
GHz). Unreacted TiO, was found shaltered in the
terenary grainsof Sr(Sm,,,Ta,,)O, ceramic (seeFig-
ure 6). Figure 4b shows the partial formation of the
materid whensintered at 50°C below thesintering tem-
perature. Single phase Sr(Sm,,Ta, ,)O, wasformed
(seeFigure 4c) when Sr,Ta,O, and Sm,O, were com-
binedinthemolar ratio 1:1 and heated at 1600°C/4h.
This1:1compositionof S(Sm,,, Ta ,)O, ceramic shows
good dielectric properties (¢, = 32, T, = -40 ppm/°C
and Q, x £= 49500 GHz) compared to the previous
study results (e, = 30.5, 1, =-61 ppm/°Cand Q, x f=
45200 GHz)"4. Any addition of Sm,O, morethan 1
mole to 1 mole of Sr,Ta,O, remains as unreacted
among theternary phase Sr(Sm,,,Ta ,)O,. Inthisre-
port Q, x fof Sr(Sm,,Ta ,)O, ceramic increased to
54500 GHz when 1.25 mole of Sm,O, was added to
1 mole of Sr,Ta,O, (represented by adotted linein
Figure 5b). Itisan off stoichiometry for Sr(Sm,,Ta,
,)O,. Microstructure Figure 4d shows the unreacted
Sm,0O, among theternary grainswhen Sr,Ta,0, and
Sm,O, were added in the molar ratio 1:1.5 and sin-
tered at 1600°C/4h. Thevariationshown (inTABLE 1)
inthedielectric propertiesof Sr,Ta,0,-Sm,O, compo-
stionswith morethan 1.25 moleof Sm,0, isduetothe
mixtureproperty of Sr(Sm,,,Ta )0, and Sm,0,. More
Sm, O, content could tune the di€l ectric properties of
S(Sm,,Ta,)O, ceramicsby mixturemethod. Detaled
study will bereported later. The preparation of Sr(B’,
,1a,,)O, ceramics by mixing Sr,Ta,0, and rare earth
oxides[B’=La, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y, Er
andYb] inthemolar ratio 1:1 smplified theformation of

single phase materia without the hel p of any sintering
ad. Thiscompositionsshow better didectric properties
(see TABLE 2) compared to the samples prepared in
the4:1:1 composition'? (see Figure5). In the case of
Sr(Pr,,Ta,)O, ceramic Sr,Ta,0, and Pr.O,, were
mixedinthemolar ratio 1:1/3. Thedidectric properties
of (B’ ,Ta,,)O, ceramicsinthe1:1 compositionwere
foundintherangese =27.9-33.2, Q, x f=6200-56400
GHzandt,=-71t0-35ppm/°C[TABLE2].

TABLE 1: Thedensity and dielectric propertiesof Sr,Ta,O,-
Sm,0,compositionswhen Sr,Ta,0, and Sm, O, weremixed
inthemolar ratio 1:x, where x=0t0 15.

Sr,Ta,0q- Density Qf Qu xf .
09Sma0s thé'r\n/' ,itrﬁrs;a' & (GHz) (ppm/°C)
0.0 6.1 38.0 5600 -10
0.5 6.2 37.2 8800 -19
1.0 6.7 32.0 49500 -40
1.25 6.8 31.8 54500 -37
15 6.9 31.3 50300 -34
2.0 7.0 31.1 47300 -33
4.0 7.2 30.0 36750 -31
6.0 7.4 29.0 34500 -20
10.0 7.7 28,5 30700 -8.0
12 7.8 28.4 28300 -3.1
13 7.8 28.4 28200 -0.5
14 7.9 28.2 27500 2.0
15.0 7.9 28.2 26400 45
Sm,05 8.35 24.0 36000 20
Nb,Os added
Sr(SmupTay,) 6.6 305 45200  -61
05 sample™?

TABLE 2: Diélectric propertiesof Sr,Ta,0,-B*,0, ceram-
icswhereB’=La, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y, Er and Yb
ceramicswhen Sr,Ta,0,and B*,0, weremixed in themolar
ratiol:1(Pr O. intheratio1l:1/3).

611

S Ta,04+B%,0;3 & Quxf(GH2)  1i(ppm/°C)
+ LapOs 33.2 6200 -35
+(1/3)PrsO11 33.0 10500 -37
+ Nd,Os 32.6 42300 -38
+ Sm,O3 32.0 49500 -40
+ Eu,0O4 31.6 48200 -51
+ Gd,Os 31.2 8600 -58
+ Th,O4 30.2 48300 -59
+ Dy,05 29.9 38200 -61
+ Ho,O3 29.0 42100 -64
+Y,0; 28.9 56400 -66
+ Er,05 28.5 29600 -69
+ Yh,04 27.9 40000 -71
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Figure 5 : Shows (a) variationsin the density and ¢, of
S, Ta,0, +(X)Sm,0O, ceramicsfor x =0-15and (b) variations
intheg and Q x fof Sr,Ta,O, + (x)Sm,O, ceramicsfor x =
0-15.

Thevariationsinthedieectric propertiesof Sr(B’,,
,1a,)0,[B’= La, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Y, Erand Y b] ceramicssynthesizedin S, Ta,O,-B’,0O,
compositionsand prepared in the conventional 4:1:1
method (with and without the sintering aid) are shown
inFigure6. Thedieectricvaluese, Q x f andt, were
found improved in the present study. The Sr,Ta,O,-
B’,0, compositions show betterment in e compared
to other tworesults. Thefdl in¢ for Sr(La,Ta,)O,
ceramicinthe4:1:1 methodsisnot observed here. The
g of Sr(B’,Ta,)O,ceramicsinthe Sr,Ta,0,-B’,0,
composition variesfrom 27.9to 33.2 towardsthelarge
ionicradiusside(Figure6a). Thet, of Sr,Ta,0,-B’,0,
composition showslow negative values compared to
other two results. Thet, of Sr,Ta,0,-B’,O, composi-
tion variesfrom -71 ppm/°C to -35 ppm/°C towards
thelargeionicradiusside (Figure6b). The Q- factor of
Sr,Ta,0,-B”,0, compositions also found increased
compared to other two results. The trend of Q, x f
variaionof Si(B’* ,Ta ,)O, ceramicsisrepresented by
the curved dotted linein Figure 6¢.
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Figure6: Showstheunreacted TiO, content shaltered in the
terenary grains of Sr(Sm,,Ta )O, ceramic when 1 wt%
TiO,wasadded.

CONCLUSIONS

Dense and phase pure Sr(B’, . Ta )0, [B’ = La,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y, Er and YDb] ce-
ramicswere prepared by mixing thecal cined powders
of Sr,Ta,0,and B*,O, inthemolar ratio 1:1 and when
sintered at 1600°C/4h without any sintering aid. The
microwavedielectric propertiesof the ceramicswere
investigated and found depends on the B’-site ionic ra-
dii. Amount of B>, O, content isadetermining factor of
thedielectric properties of Sr,Ta,0,+(x)B’,0O, com-
positions. Thet, of Sr,Ta,0,+(x)Sm,O, hastunedto
near zero value for x = 13. Quality factor of
S, Ta, O, +(x)Sm,O, compositionsimproved uptox =
1.25 and then deteriorated. But 7, hasincreased (to -
40 ppm/°C) upto x = 1 and then lowered to zero at X
= 13 andturnedto positiveva uewith further addition
Sm,0,. The dielectric properties of
S, Ta,0,+(x)B’,0, compositionsfor x = 1werefound
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in the ranges ¢ = 27.9-33.2, Q, x ' = 6200-56400
GHz and 7, =-711t0-35 ppm/°C.
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