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ABSTRACT

The doping mechanism of neodymium ion on bariuantite could be promising a new material for apptca
in miniature microwave technology and mobile comivation systems. Microstructural of BaNdgio,Ti1g0s4,
with x=0.15 ceramics at different sintering temperas were investigated. The samples were prefdareadle magnetic
stirring method and sintered at a temperature rénoge 600C to 1300C. Sintering effects on the crystallite structune a
surface morphology were studied and characterigedRD and FESEM. The transformation of majoritytbé phase in
the system from barium titanate to barium neodymiitamate was confirmed by XRD pattern due to cleaimgsintering
temperature. The change in sample densities wasndieed using Archimede’s method. Two activatioergies of grain
growth were observed by using estimated diffusioocess. The activation energies were 0.0698 arg48.8V for low

sintering and high sintering temperatures respelgtiv
KEYWORDS: Evolutions, Microstructure, Surface Morphology, ietion Energy
INTRODUCTION

Miniaturization of electronic components createchew challenge for materials research. To maintagh h
performance in decreasing the size needs a deta&ifghrch on the microstructure and the propeofighe materials at
nanoscale. The processing of the materials is dmieecfactors that affect the quality of the madkxi There is increased
interest to study the materials properties by usiagnetic stirring method. Pornprasertsuk et dledported that magnetic
stirring method with a suitable solvent can helpedduce the powder loss during the mixing processpared to solid
state reaction method. BaTi@& a well known material that has high dielectimstant. However, the properties of doping
ion into BaTiQ are still not clear especially in the sinteringgaess. Kaur et al. [2] found that Bagi€eramic doped with

rare-earth element enhanced its dielectric progerti

Snashall [3] reported that nanosize barium neodgmiitanate improved processing and sintering tiama]
provided excellent microwave dielectric propertig€@hsato and Imaeda [4] presented that Sm and Ndeddop
BaTiO; ceramics are most suitable for microwave applicestisuch as sensors, memory device, and spintrfgjidsie to
their good stability and high dielectric constafhe thermal effect does not only influence the pstructure, but also

dielectric properties of the materials.

The best sintering temperature for materials isagbna question mark for the materials researchethe present
work, Nd ions was doped on BaTiOand the change of microstructure of tungsten dwotype solid solutions

Bas.3,Nds.2¢T 118054 by sintering effect was investigated.
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In this research, barium and neodymium were sealeate electropositive metal, and titanium was chosgn
transition metal. As mentioned above,”Band Nd* are divalent and trivalent cationic form of bariamd neodymium
respectively. In order to achieve the electroststibility, three B ions can be replaced by two Ndons and a vacancy.

The chemical reaction is as follows,

3IBa®t _ — 2Nd?** + vacancy
glectrostatic stability (1)

METHODS

The starting materials used in this research wegh Ipurity and nano BaC{(99.9%, below 80 nm),
Nd,O3 (99.9%, 30-45 nm), and T§(100%, 50 nm) powders. The samples were prepayatddygnetic stirring method.
The raw materials were weighed by Shimadzu AnajtiBalance AY220 according to compositional formula
Bas.3Ndg.24T11¢054 With x=0.15, and mixed together with ethanol usiviseStir MSH-20D Hotplate Magnetic Stirrer.
The liquid mixtures were then milled for 24 houts3&C with milling speed of 900 rpm in order to get hmganous

solutions.

The liquid mixtures were dried for 24 hours. Thetmies were then compacted into pellets using Cananual
pellet press with pressure of 216 MPa. Each pkHstdiameter of 17 mm and thickness of 2.8 mm.fiFa¢ pellets were
sintered for 3 hours in air in a programmable famat different sintering temperature in the rafngs 600C to 1300C.
The density of the samples was measured by Elect@ensimeter MD-300S which adopted Archimede’'s\gple after
each sintering process. The crystalline structacethe formation of the samples were determined gty diffractometer
(Phillips Expert Pro PW3040) with CuK radiation p=1.5404A) in the range of 4 to 9f Bragg's angles @
The surface morphology of the samples at room teatpes was observed by FESEM for every sinterirag@ss.

RESULTS AND DISCUSSIONS

Figure 1 showed the XRD pattern of the powders simiered BNT ceramics with compositional formula
Bas.3Nds.2¢T11¢054 With x=0.15 at different sintering temperaturetieTresults revealed that the powders after milling
process presented some individual phases indic#tieg is low chemical reaction occurring betwele® ¢components
without heating. Small amount of BaO phases wetteatied in the powders due to the release of Gaseous from
BaCQ; powders. A broad peak was observed from the ceraimiered at 60C showing that the ceramic underwent
thermal reaction process. The formation of bariitamium oxide at 60TC clearly explained the diminishing of the barium
oxide which appeared before the sintering proded§TiO;) phase was detected at 700 and°808intering temperatures.

However, it can be converted to N@,O, phase by interaction with BaO from Bag& 900C.

This is due to the decomposition temperature of Bagt 81FC. The pattern of tungsten bronze structure of
BNT can first be observed at 10@with some secondary phases. These secondarysptiss@peared with increasing
sintering temperature. The tungsten bronze typectstre of BNT ceramic was fully formed at 12Q0 It clearly shows
that the secondary phase of BaJifresented at lower temperature has diminished. rédection of other phases

apparently indicated the increment of the formatibnomplex tungsten bronze ceramic.

The XRD pattern of the sample was analyzed and stowslightly similar to BaNgdisO,4 phase with

orthorhombic crystalline structure. This can be ldeuconfirmed by XRD pattern of the ceramic sinterat
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1300°C showing similar patterns to the 1200 except some of the very small minor peaks hasapgeared. It can be
concluded that Nt ions that filled in A1 site of the tungsten brorigpe structure is a thermal driven process duiésto
high melting and boiling points. This is an inteneg finding that the peaks of BNT ceramic shiftedthe larger angle
from 1000C to 1100C, but shifted to lower angle at higher sinteriegiperatures. This shifting behavior will possibly
influence the dielectric properties of BNT cerantitowever, the peaks of the samples became broadehave higher

intensity as sintering temperature was increasbis. ifidicated more BNT compounds were formed aidnigemperature.
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Figure 1. XRD Pattern of BNT Ceramic with x=0.15 fa All Sintering Temperatures

The bulk density of barium neodymium titanate witmposition x=0.15 as a function of sintering terapgre is
shown in Figure 2. The results showed that the itfen§ BNT ceramic initially decreases from ther$tag sintering
temperature to 80C. The decrement of the density at initial stage dae to the mass loss during the sintering process
This was clearly shown in Figure 3 that the mass litecreases rapidly from 600 to 800Density is proportional to the
mass of the object, and inversely proportionatsovblume. The reduction in the mass is an imporfactor that affects
the density when there is not much reaction ocegriinside the material during the low sintering pemature.

The low reaction occurred with less heat treatnoétihe BNT ceramics was confirmed by XRD results.

On the other hand, a small density peak was obdeav800C sintering temperature. The mass loss af@d8
similar to 800C indicating the chemical decomposition of Baladd formation of Ngli,O; phases. The former phase
that has low density and diminished in the compoisnthe reason for the increment. The later phasehwhas high
density built up the bulk density of the compouiitie density of BNT ceramic sintered at 1000showed a decrease
again due to the starting of the formation of loensity of BaNdTisO,4 phase. Furthermore, the density increase rapidly
from 1100C to 1300C indicating the ceramic became denser. This behavas described in the shrinkage of the

ceramics due to high sintering temperature and gtlicmnstant mass loss.
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Figure 2: Density of BNT Ceramic with x=0.15 at Diferent Sintering Temperature
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Figure 3: Percentage of Mass Loss of BNT Ceramic i x=0.15 at Different Sintering Temperature

The surface morphology of all sintered ceramics sfaswn in Figure 4. The estimated grain size wadyaad
using linear intercept method by choosing 200 gramside the sample. The results showed that thie gize increases
with increasing sintering temperature. This is veoynmon for ceramic behavior. As shown in Figuréa} the grains
inside the ceramic are very small; this is becahseparticles size of the raw powders used arehénrtano range.
Normally, a grain is made up by large amount otiplas. The combination of particles also will defithe shape of the
grain. It can be observed that the ceramic sintate8D0C has the grains almost spherical in shape. Haailog of small
individual grains means that the particles are augnected in a short range. This also indicated tthe grains did not

interact with the grain surrounding.

This sample showed some pores on the surface. dtwaip surface of the sample was related to the foass
during the sintering process. At sintering tempeea700C, agglomeration occurred due to the combinatiothefgrains,
and the grain size became bigger. The particles wéially contacted and some were lost duringghecess. The necking
between the grains also can be seen in Figure.4Tf® necking behavior can be explained by intevaabf two close
neighboring grains. Two grains were merged togdblyadiminishing part of the grain boundaries. Tkeamic sintered at
800°C showed large agglomerations occurring after #kimg process. It can be observed in the agglaee@ea that
there are many grains combined together. This stidivat there is chemical reaction happening ingieecompound.

The grain diffused to other grains resulting ingaange connection.

These three microstructures showed the ceramigsumderwent the starting sintering stage whicthésadhesion
stage. At adhesion stage, the shape of the graibealeformed. By further increasing the tempeeatilte agglomeration
process was stopped; the shape of the grain celeddy seen in Figure 4 (d). When the sinteringgerature is applied at
100C°C, grain shape of the ceramic is changed to blbelps. The transformation of the grain shape carelaged to the
diffusion of the neodymium ion into the system. Jlmdicated the low formation of the BNT ceramideTsurface
characteristic of sample sintered at 1XD@vas shown in Figure 4 (f). The grains of the danmave the shape of blocks

and large agglomerated grains.

This type of microstructure can be considered adrttermediate sintering stage. The coarseningueahaf the
sample is more dominant than the densification ttug¢he pore being larger and rounded the grainsaddition,
the measured density of this sintered sample it daiv that also supported the coarsening effectviéw of higher
sintering temperature, BNT ceramic sintered at 220§howed the grains have rectangular shape. Tié Bltape of the
ceramic was elongated by increasing sintering teatpee. The behavior can be considered as the #herxpansion and

the combination of the grains. Figure 4 (g) shothed the densification is more in favor than coaitsg.
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This is because the pore size was minimized andythim size increased. This also indicated thatstmaple
approached full densification. However, some oflaggrated grains were also observed from the shkigure 4 (h)
revealed the ceramic sintered at 13D@re rectangular shapes. As can be seen fromethdt,rthe pore shrunk with
increasing grain size showing that this ceramiched the final sintering stage. The grain boundaoiethis ceramic also
can be seen very clearly. The full densificationBNT ceramic was demonstrated in this sample. Adiogrto the

measured density results, this sintered ceramairsdd the highest density among the samples.
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Figure 4: Microstructure of BNT Ceramic for All Sin tering Temperatures; (a) 600C, (b) 70CC, (c) 800C,
(d) 90C°C, (e) 1000C, (f) 1100°C, (g) 1200C, and (h) 1300C

Table 1: Microstructure and Dielectric Properties d BNT Ceramic at All Sintering Temperatures

Sinterin Average '
Temperatﬂre GrairslJ Dens!t%/

(°C) Size (um) | @
600 0.131 4.08
700 0.185 3.982
800 0.197 3.944
900 0.207 4.076
1000 0.322 3.907
1100 0.456 3.941
1200 0.687 4.251
1300 0.754 4.572

The average grain size as a function of sintermgperature can be used to predict the activatienggrof grain
growth of the materials [6]. It could be calculatedusing equation (2).

&

logD =logD, + T o

Where D is the average grain size of cerarfiig,is activation energy of grain growthl, is temperature

independent grain size, R is gas constant, andsiniering temperature. As can be seen from Figurevo activation
energies can be found from 600 to 13D0This is because there are two different slopethé range of the sintering

temperature.

For the first activation energy of grain growthe tslope obtained is the low sintering region whecfrom 600 to
90C°C with the value of 0.0698 eV. It can be seen freigures 4(a) to (d) that the rate of grain growgdhsmaller.
The small value of activation energy showed théudife motion of atoms in the ceramic is high. lew of the electrical

properties, the potential barrier of an electrojutop to other state is low in these ceramics.

Therefore, the diffusive motions provided the cartthg behavior which can be seen in the dieledtrss factor.
On the other hand, the high temperature sinterehties obtained higher activation energy of 0.38¥8where the grain

growth is faster. Contrast to low sintered ceraptios diffusive motion is low, and the potentiatider is high. In order to
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excite the electron to cross over the barrierygelamount of energy should be applied. The rapicease in the grain size

for high temperature sintered ceramics leadsiiigalating properties.

The different activation energies can also be usedistinguish the formation of the tungsten brorygee
structure of BNT ceramic. As indicated from theules large value of activation for high sinteregtamics showed the

material is no more conducting and have insulapirgperties.
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Figure 5: Activation Energies of Grain Growth
CONCLUSIONS

In conclusion, BNT with x=0.15 ceramics were sustafy fabricated using wet solid state reactiontime.
The formation of BNT ceramic started at 1000 and the densification could be achieved at 1800 he increment of
grain size can be controlled by thermal energy aglsintering process. BNT ceramic sintered at A3Gtbtained the
grain in rectangular shape. The activation energg found to be increased from low to high sinteriegperature.

This also indicated that the diffusive motion of ttoms showed smaller in tungsten bronze structure
ACKNOWLEDGEMENTS

This research was financially supported from thesé@ech University Grant Scheme (RUGS) Project No.:
05-02-12-2180RU, Universiti Putra Malaysia (UPM)heT authors also acknowledged the Department of i€hys
Faculty of Science, UPM and Institute of AdvancextAnology (ITMA), UPM.

REFERENCES

1. Pornprasertsuk, R., et al. (2012). Preparationagfed BaZrQ and BaCe® from nanopowderslnternational
Journal of Precision Engineering and Manufacturiig(10) 1813-1819.

2. Kaur, D., et al. (2006). Processing, dielectric @&abr and conductivity of some complex tungstenAze

dielectric ceramicslournal of Ceramic Processing & Research, 7@1)-36.

3. Snashall, et al. (2012). Phase analysis and micreveielectric properties of BaO—-Mok—5TiO, composite

ceramics using variable size Ti@agentsCeramics International, 38, Supplement 1®}53-S157.

4. Ohsato, H., & Imaeda, M. (2003). The quality facbdérthe microwave dielectric materials based ondtystal
structure—as an example: The ¢BgRg.Ti18054 (R = rare earth) solid solutiondaterials Chemistry and
Physics, 79(2-3208-212.

Impact Factor(JCC): 1.4507 - This article can be denloaded from www.impactjournals.us




C. H. Lee, J. Hassan, M. Hashim, R. S. Aziz & N. Mud Saiden |

Ohsato, H. (2001). Science of tungstenbronze-tife Ba;_3,Rs+2¢T116054 (R=rare earth) microwave dielectric
solid solutionsJournal of the European Ceramic Society, 21(2503-2711.

Callister, W.D., & Rethwisch, D.G. (201QYaterials science and engineering: an introducti8fi edition
John Wiley & Sons, Inc: United States, America, pg3.

Index Copernicus Value: 3.0 - Articles can be serb editor@impactjournals.us




