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Controlled Growth of Silica Shell on Bag ¢Sro.4TiO 3 Nanoparticles
Used As Precursors of Ferroelectric Composites
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A method based on a seeded growth process was developed to coat ferroelectric nanoparticles with a
dielectric silica shell. This method, applied to size-polydispersed 8. TiO3 particles (BST, mean
diameter 150 nm), allows the control of the silica shell thickness from 2 to 80 nm with an accuracy of
1-2 nm. The morphology and surface physical chemistry of the-eshell were studied by transmission
electron microscopy, photon correlation spectroscopy, and zeta potential measurements. A size-sorting
procedure consisting of several cycles of centrifugation was optimized to extract the BST@silica
nanoparticles of the required size for dielectric properties tuning. Upon sintering, dielectric measurements
showed that the ferroelectric transition was maintained in the dense nanocomposites.

Introduction molecules such as oligonucleotides for DNA hybridization
or phospholipid bilayers for biomimetic membrane devites.
The material requirements for processing agile high-
frequency devices, such as tunable resonators or phase
shifters, are low dielectric losses<( %), relatively high
permittivity values ¢ > 100), and a significant electric
field dependence of the permittivity. That is the reason
| composite materials including ferroelectric fillers, such as
(BaysSlo.4)TiO3 (BST), dispersed in dielectric matrixes based
on low losses oxides, are very promising candidates for
telecommunication devices. In our pioneering work, we apply
the core-shell concept to ferroelectric nanoparticles in which
the BST core was surrounded by a silica shell, as low loss
dielectric oxide'® This was done to overcome the limitations
found using the solid-state route to synthesize compdsités.
Indeed, in such a case, the properties improvement is limited
due to interdiffusion evidenced between the two phases. With
use of the coreshell concept, the efficiency of the coating
was checked. However, the process used was based on
for bottom-up approaches, and to that extent as carriers forSodium metasilicate synthesis and does not allow, as revealed

biomedical purposes. Silica-coated magnetite and quantumby transmission electron microscopy (TEM) images, a

dots nanoparticles have been used for bioseparation pro_continuous and homogeneous coating. As a result, the contact

cessesand as biomarkes” An outer silica shell can be between ferroelectric cores was hardly avoided during the

used as a substrate with high affinity to adsorb biological (6) Bruchez, M., Jr.; Moronne, M.; Gin, P.; Weiss, S.; Alivisatos, A. P.
Sciencel998 281, 2013.
*To whom correspondence should be addressed. E-mail: momet@ (7) Santra, S.; Zhang, P.; Wang, K.; Tapec, R.; Tan,Afial. Chem.

The use of silica as a coating material has a long tradition
in colloid science because it is a smart way to give any
particle the impressive stability of silica sols over a wide
range of polar and nonpolar solvents. In particular, aqueous
dispersions of silica may be stabilized in a large pH range
due to its low isoelectric point (IEP at pH 2). Intrinsic
properties of silica are also of a great interest: chemica
inertness, thermal stability, optical transparency, tunable
porosity, and ability to be easily surface-modified, especially
by silane derivatives. Therefore, silica coating is widely used
to prepare functional nanomaterials with tailored properties.
As an example, it allows tuning of the optical properties of
metallic or semiconducting (quantum dots) particies.
Moreover, the interaction potential can be changed, leading
to 2-D and 3-D ordering of colloidal self-assemblies for
photonic crystal$,composite material porosity tailorirfg,
surfaces structuring at the nanometer séale, Core-shell
nanoparticles, like crystal unit cells, can be used as bricks
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sintering step. That is the reason we investigated a newtion were carried out. The first step consists of sorting the largest
coating route, susceptible to coat perfectly BST nanoparticles, sub-micrometer particles by low-speed centrifugation (2fad
to tune the silica shell thickness on a wider range, and then3 min). The superatant was recovered and centrifuged again in
to obtain a final composite with the required dielectric ©rder to remove the smallest ones (2§00r 10 min). The pellet
properties was then redispersed in ultrapure water with the aid of an ultrasound

In the present paper, we report on the stabilization of BST bath fc.’r 10 min. This operation was reper_:lted twice. 'n.the last

. . . . peration, the pellet was recovered and dried at XD@n air.

nanoparticles in the ethanol/ammonia medium, the successful’

X > Characterizations. Core-shell morphologies were investigated
coating by silica shell from a few nanometers up to 80 nm, ,y, TEM. Samples were ground in agate mortar and suspended in

and the size-sorting procedure developed for narrowing the gthanol. Drops of diluted dispersions were air-dried on carbon films
size polydispersity of the pristine BST cores. These results geposited on 200-mesh copper grids. The excess liquid was blotted
are supported by TEM, zeta potential vs pH measurements,with filter paper. TEM images were recorded using a Philips EM
and hydrodynamic size-distribution curves as determined by 120 electron microscope operating at 120 kV. The average thickness
photon correlation spectroscopy (PCS). We also investigate, of silica shells was determined from these images by measurements
using scanning electron microscopy and dielectric measure-in four (_Jlirections for each particle and at least 50 particles per
ments, the influence of the characteristics of the green powderBST@silica sample.

on the microstructure and dielectric properties of the obtained _ Z€t@ potential and mean hydrodynamic diameters of BST and
ceramics BST@silica nanoparticles were assessed by using a Zetasizer

3000HSA setup (Malvern Instruments) equipped with a-Ne
laser (50 mW, 532 nm). The zeta potential measurement based on
laser Doppler interferometry was used to assess the electrophoretic

Materials. Ba ¢St 4TiO3 (BST) nanoparticles of mean diameter  Mobility of nanoparticles. Measurements were performed for 20 s

close to 50 nm were purchased from Pi-Kem (Shropshire, England). using a standard capillary electrophoresis cell. The dielectric
Starting from 50 nm BST powder, samples were pressed into disks constant of solvent (water) was set to 80.4 and the Smoluchowsky

Experimental Section

and annealed at 110 for 2 h with a heating rate of 200C/h constanf(ka) was 1.5. The hydrodynamic diameter of nanoparticles
under an oxygen atmosphere to increase the average grain size up/@s determined by PCS with a sample refractive index of 1.59
to 150 nm. Tetraethoxysilane (TEOS) (9%) and citric acid and a viscosity of 0.89 cP. The given mean diameter is an average

(99.5+%) were purchased from Aldrich. Absolute ethanol (J.T. size calculated by using the monomodal analysis mode.
Baker) and ammonia (Carlo Erba) were used as received. All other ~ The microstructure of the sintered compacts was studied using
reagents were of analytical grade. Water was deionized (resistivity & Scanning electron microscope JEOL JSM 6360A. A thin platinum
higher than 18 MR). Sample powders were recovered by centrifu- coating was deposited on the fracture surface prior to observation.
gation using a Jouan BB 3V apparatus (Saint Herblain, France). For dielectric evaluation, the major faces of the dense composite
Synthesis of BST@silica NanoparticlesThe new selected ~ compacts were electroded using gold vapor deposition. The
method was derived from the so-called I8#oprocess widely used ~ cOmposite was then placed in a homemade cell connected to a
for the synthesis of silica beads from a few tens to a few hundreds Membrane pump to avoid moisture. The temperature was controlled
of nanometerds16 |t was based on the hydrolysis/condensation of Using a Pt resistor in thermal contact with the sample. The
tetraethoxysilane (TEOS) catalyzed by ammonia in alcoholic media. temperature could be monitored between 80 and 450 K with

The surface of BST nanoparticles was activated by acidic treatment:2ccuracy better than 0.1 K using a temperature controller LakeShore
500 mg of BST was placed in a sonicator bath for 15 min in 10 DRC93CA. The dielectric parameters were measured using a HP

mL of 1 M HNOs. After removal of the supernatant by centrifuga- 4192 impedance analyzer in a frequency range from 100 Hz to 10
tion at 250@ for 5 min and washing of the pellet in the same MHz. The electrical measurements (conductivity and impedance
volume of deionized water, the particles were redispersed in 10 SPectroscopy) were performed using a dynamic method under linear
mL of 0.01 M citric acid. They were again sonicated and centrifuged temperature variation (typically-1 K/min). Such a rate was used

in the same conditions. The pellet was dispersed in 20 mL of water in order to avoid a temperature gradient within the sample.

and peptization was performed by addingi20of ammonia. Then,

the alkaline sol of citrated-BST nanoparticles was poured in 100 Results and Discussion

mL of ethanot-water—ammonia solution 75/23.5/1.5 v/iviv %. To Th . f the BST h ideri h
tune the silica shell thickness, the amount of TEOS to be added € sizé 0 € cores was chosen considering the

was calculated from the initial and final particle size, taking into S'2€ effects In such materiafSAs a re§ult, the nanomaterials
account the numbeN,gst of BST nanoparticles, by means of the produced with a 150 nm ferroelectric core and a controlled
following formula: silica shell thickness are expected to have the same ferro-
electric phase transition temperature as the bulk pure
Vrgos= 3.8MNygsr (D — o) 1) ferroelectric phaself = 295 K). Since our aim was to obtain
dense nanostructured ceramics exhibiting a Curie temperature

. ) . ._in the vicinity of room temperature, the size of BST
and the starting diameter expressed in centimeters. The 3.89 scallngh . .
. anoparticles was increased from 50 to 150 nm by thermal
factor was computed from the molecular weights of Si@mula

unit and TEQOS, the densities of silica, TEOS, and BST (2 &/cm treatment as previously reportétThe uncoated grain size,

0.934 g/crd, and 5.6 g/cri respectively), and the assumption that &S esti_mated b_y TEM, exhibits a Iarg_e distribution (Figure
BST nanoparticles are spherical. la). Since their size sorting by centrifugation was unsuc-

Size Sorting of BST@silica NanoparticlesTo extract the main cessful because of their poor colloidal stability in water, we
size population of coated nanoparticles, many cycles of centrifuga- postponed this step after the silica embedding one.

whereVreos is directly expressed in mL iD andd are the final

(15) Stiber, W.; Fink, A.; Bohn, EJ. Colloid Interface Sci1968 26, 62. (17) Hornebecq, V.; Huber, C.; Maglione, M.; Antonietti, M.; Elissalde,
(16) ller, R. K. U.S. Patent No. 2,885,366, 1959. C. Adv. Funct. Mater.2004 14, 899.
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Figure 1. TEM pictures of BST nanoparticles at different stages of the
silica shell growth: (a) pristine BST; (b) BST@silica(2); (c) BST@silica-
(7); (d) BST@silica(13); (e) BST@silica(25); (f) BST@silica(80). Scale
bar is 200 nm for all pictures.

Controlled Growth of Silica Shell. The synthesis of

BST@silica nanopatrticles is a two-step process: adsorption

of citric acid onto pristine BST nanoparticles to help their
colloidal stability in the ethanol-based reacting medium and
growth of the silica shell through the TEOS hydrolysis/
condensation process derived from thékgtomethod.
Colloidal Stabilization of BST Nanoparticles. The
critical step is the colloidal stabilization of the seeds in the
ethanol medium. Clay mineralé hematite!'® and titanid®

Mornet et al.

poly(dimethylsiloxane), etc.) nanoparticles. Stabilizer agents
can be macromolecul@$chelates? surfactantg? or orga-
nofunctional polysiloxane primer layets.22

As has already been reported for BaZfH%® Bay ¢Slo.4
TiO3z nanoparticles do not form a stable colloidal suspension
in water. If we intend to encapsulate by silica each individual
BST nanoparticle, it is necessary to improve first their
colloidal stability by modifying their surface. However, the
dielectric parameters of the final materials may be disturbed
by residual contaminants. Therefore, the chosen stabilizing
ligands must have the ability to be easily removed during
the washing step. This was achieved by using citric acid. In
a first step, BST nanoparticles were pretreated by nitric acid
leaching in order to activate the surface sites, to break the
bonds between the particles, which had been formed during
the previous thermal treatment, and to favor citric acid
adsorption. The evolution of zeta potential of pristine and
citric acid treated particles was studied as a function of pH
to investigate the stability of theses dispersions (Figure 2).
The pristine BST suspension displayed two isoelectric points
(IEP) at pH 6 and 8.5 with two positive charge zones for
pH > 8.5 and pH< 6 (Figure 2a). After treatment by HNO
BST suspension exhibits only one IEP equal to 5.1 (Figure
2b), near the one of TigXi.e., 5.5¥° or the one of SITiQ
(i.e., 5.1)3¢ suggesting that treated BST are deficient in Ba
ions at their surface. Indeed, it is known that barium dissolves
at low pH and can act as a potential-determining ion in
solution®*35These barium ions, absorbed on the BST surface,
change the electrostatic repulsive potential between particles
responsible for the dispersion’s stability. This explains that
pristine BST patrticles are very difficult to disperse in water.
After citric acid adsorption on BST surface, the nanoparticles
exhibit an IEP of 4.2 (Figure 2c), around the pialues of
citric acid (pKa1 3.15; pKe24.77) and displays a good stability
in an alkaline medium until pH 4.

Coating of Silica Outer Shell, on Top of BST Nano-

may be readily dispersed and therefore directly coated by particles. To coat the BST particles with silica, TEOS was

silica. But most of the other nanoparticles have t0 be a4ged in several portions in the dispersion under mild stirring.
stabilized in an agueous medium before being transferred inThe total amount of TEOS added was set to comply with
the ethanol/ammonia media. This is the case of metallic \he targeted thickness of the silica shell according to eq 1.
na_r10parﬂc|e§"23 (ggld, s[lver{ etc.) and .of some metalhc_: The first amount of TEOS added (55:.) matches the
oxides*"?’ (magnetite, gibbsite, boehmite, etc.), metallic gmajest silica shell thickness of roughly 2 nm (Figure 1b).
sulfides®™°(CdS, ZnS, etc.), and orgafic*>* (polystyrene,  Then the fitting amount of TEOS was added, after 12 h of
reaction, to increase the shell thickness to 6 nm, 15 nm, 25
nm, 40 nm, and so on. In our experiments, the total surface
area of BST particles could be estimated around 38 m
for size-polydispersed particles of 75 nm mean radius. In
these conditions, no secondary nucleation was observed,
which is in agreement with the results of Chen et’dk

was observed that the total surface area should be at least
about 5 n/L for particles of 236 nm radius to prevent a
second nucleation. The single isoelectric point of BST@silica-
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Figure 2. ¢ potential as a function of pH of BST nanoparticles: (a) pristine BST nanoparticles; (b}+tBi&ed BST nanoparticles; (c) citric acid treated
BST nanoparticles; (d) BST@silica(25) nanoparticles.
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Figure 3. Thickness evolution of the silica shell as determined by TEM  (25) nanoparticles.
as a function of the calculated thickness according to eq 1.

the sedimentation rate of the particles and might be compared
to a fractional distillation. Figures 5b and 5c display the
BST@silica(25) nanoparticles as found in the supernatant

pictures at various stages of the synthesis. As clearly (S1) and the pellet (P1) part after the first centrifugation,

evidenced in these pictures, the shell was homogeneous ir{espectlvely. The efficiency of the first centrifugation is

size all around the particles, even at sharp edges. I:urther_obvious: in the supernatant part, most of the little particles

more, despite the polydispersity in size and shape of the BSTwerde removed ar_:_(;ll_theﬁlze distribution in the pellet.part was
particles, all of them were surrounded entirely by the same made narrower. This phenomenon was even more important

silica shell thickness. Finally, these TEM images demon- after. three stages of centrifugatipn (Fi.gufe 5d)'. This is
strated that the method used is very suitable for controlling confirmed by the value of the Po'yd'spefs'ty index, i.e., 0.05
the value of silica shell thickness. Indeed, the computed andfor P1 and 0.04 for P3. In Figure 5d, it may be observed

experimental values of silica shell thickness for each stage @t coated particles ordered themselves in a 2-D close
of the synthesis are very close (Figure 3). packing, while they dried on the carbon film of the TEM

Size Sorting of BST@silica NanoparticlesAs already grid._This spon_taneous organization can only be observed
mentioned, the BST@silica nanoparticles presented a wide[©F Size-monodispersed cershell particles.
size distribution with a polydispersity index equal to 0.58  Sintering of BST@silica Nanoparticles and Dielectric
(Figure 4). To decrease this particle size distribution and Behavior of the Resulting BST/Silica CompositesDense
extract the majority size of about 200 nm (corresponding to compacts are required to use the cosiell particles for
150 nm expected BST cores added 50 nm of silica shell), adielectric applications. As well-known in ferroelectric ceram-
centrifugation procedure was carried out. It was based onics, residual porosity is highly detrimental for dielectric

(25), equal to 2.4, confirms that all the BST particles have
been surrounded by silica (Figure 2d). This result was
confirmed by TEM experiments. Figure 1 displays the TEM
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Figure 6. SEM micrographs of BST/silica composites as obtained after
sintering at 1050C for 6 h of rawBST@silica(40) nanoparticles.
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Figure 5. TEM pictures of (a) raw BST@silica(25) nanoparticles; (b) s <
BST@silica(25) nanoparticles as obtained in the supernatant after the first : -
centrifugation cycle (S1 product); (c) BST@silica(25) nanoparticles as 2sr-2 S
obtained in the pellet after the first centrifugation cycle (P1 product); (d) .,
BST@silica(25) nanoparticles as obtained in the pellet after the third 13
centrifugation cycle (P3 product). (Scale bar 200 nm for all pictures.)  ***

evaluation. The compacts were processed uniaxially pressing*=" s, - - s - TR
the starting powders presented in pellets and further SinteringFigure 7. Capacitance versus temperature as measured at 100 kHz on
of the disks. For BST@silica, the sintering process is sintered BST@silica(25) composite.

considered to be governed by the silica pidsensequently
reducing the sintering temperature compared to the one of
pure BST (i.e., 1400°C). Two parameters are of main

approximate value of the composite relative dengitylose
to 72% was obtained using

relevance for the optimization of the final density: the P = (PeorVeore T PeneVened! Veore T Venen) 2)
porosity and the contact between cores. The objective is to

keep the BST grains isolated in the final dense composite, Vv___=*r_ 2 andVy, = Yoot spen)’ — Feore]
the silica shell playing the role of dielectric loss barrier. The (3)

kinetics of matter transport depends on the characteristics

of the initial green powder, the selected sintering temperature, With pcore= 5.6 glcnt andpsnen = 2.27 g/cn; reore= 75 nm
and the uniformity and the thickness of the silica shell at @NdTsher = 40 nm. ,

the end of the sintering. Sintering at high temperature (1200 _ Figure 6 shows the SEM image of the fracture surface of
°C) favors the contact growth compared to the shrinkage BST/5|I|p_a composite ob_tamed through the sintering _of raw
since the first stage of the sintering. Moreover, a minimum BST@silica(40). The estimated average particle size is about
initial silica thickness is necessary to obtain a complete 2°0 "M, indicating no grain growth at this sintering stage.
densification before contact between the cores. But, from aAN important porosity is observed in agreement with the low
dielectric point of view, a slight increase of the silica shell valueé of the density obtained which corresponds to an
thickness leads to a strong decrease of the dielectric constan}lérmediate stage in sintering. Large well-densified regions
(€.ica ~ 4). Thus, to obtain isolated ferroelectric particles (L #M) appear within the matrix composed of intercon-
and to keep sufficiently high permittivity, a compromise on nected nanoparticles. This is the result of differential sintering

the silica thickness in the starting cershell particles has due to agglomeration and particle size distribution in the
to be found. Low-temperature sintering would allow obtain- green powder.

; ; : - - Dielectric measurements performed as a function of
ing, by decreasing the porosity, a high enough density before L .
the contact stage. temperature at 100 kHz are shown in Figure 7. First of all,

o ) ) the transition temperature of pure BST; & 280 K) was
Preliminary attempts of sintering were performed on raw msintained in the BST/silica composite. This shows that the
BST@silica(40). This sintering process consists of a heating chemical interdiffusion between the core and the shell was
treatment at 1050C for 6 h with two additional steps at  yery moderate, contrary to the standard composites obtained
250 and 600°C, which were determined from the thermo- y solid state reaction for which the Curie temperature is
gravimetric analysis and correspond to impurities removal usually lowered. Both the porosity and the silica phase are
(resulting from the initial soft chemistry route used). An  responsible for the low values of the capacitance obtained
which does not allow us to compute an effective dielectric
(38) Jagota, AJ. Am. Ceram. Sod.994 77, 2237. permittivity. Because of the low sample relative density,
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Figure 8. SEM micrographs of BST/silica composites as obtained after sintering at°@& 3 h of colloidal BST@silica(5) nanoparticles.

75
€'

effective medium approximation mixing the dielectric per-
mittivities of silica and of BST cannot be applied in this
case. The dielectric losses at 100 kHz were negligible in the
whole temperature rangtg(d) < 0.001), thus staying below

the detection limit of our experimental setup. An increase 61  1o0kH
of the sintering temperature, i.e., 1180, leads rapidly to

an abnormal grain growth. To overcome the limitations
resulting from the sintering in normal conditions, the colloidal
route was explored from the well-known silica opalline
structures. The sintering process of 3-D periodic packing of
nanometer-sized Si(articles was studied (0:2.8m).3°

The formation of the necks starts around 8@ through

the viscous flow process and over 950 the morphology

of the silica particles is changed by the development of the
necks but long-range order is conservéd suspension of
monodispersed nanoparticles, obtained via a size-sorted
process, was used. Ordered arrangement of the ferroelectric
core—shell was obtained by natural sedimentation of the 1MHz
suspension. This step allows one to obtain directly the
greatest green compact compacity of 0.63 (value of the 00051 100kHz
random compact packing fcc structure). Then the porosity

was decreased by consolidation at a low sintering temper-

ature. In considering the sintering path as a three-stages 0
process! which are particles rearrangement, densification, T
and grain growth, the use of initial colloidal packing powder Figure 9. Dielectric permittivity and losses versus temperature measured
presents several advantages. First, the step of compaction"t 100 kHz and 1 MHz on sintered colloidal BST@silica(5) composite.
which generally leads, in the case of fine grains, to
heterogeneous compaction with agglomerates and macroporo ) S
ity is here avoided. Then the sofigolid interfaces are sh_eII nanopar_nc!es at such a IQW sintering temperature
increased in sedimented particles, thus minimizing the (—:'nergy(':Igure 8). This is not observed in the compacted powder

associated with the rearrangement stage, leading, in the ideafla'ntered n the same conditions: the nanograins remain
case, to its removal. Furthermore, from a kinetic point of Isolated. In this case, the stage reached in the sintering path

view, the densification stage arises more rapidly, i.e., at lower is that of rearrangement and not yet that of matter diffusion.
temperature. The last point of interest is that the final grain  Diélectric measurements performed on the calcined col-
growth stage is then avoided. In light of the previous loidal composite exhibits the expected properties. Noteworthy

dielectric results, the silica shell thickness was reduced from IS the transition temperature remaining the same as the one
40 to 5 nm in order to increase the permittivity of the Of ferroelectric cores. Furthermore, the value of the dielectric

composite. Consequently, the thermal cycle was modified, permittivjty reache.s a.reasonable value at room temperature
taking into account the silica opals sintering conditions for the aimed applications (eps'max70). And finally, the
described in the literature: sintering performed in air at 1000 dielectric losses are much lower than the 1% limit and
°C for 3 h with a relatively slow heating rate of 10C/h moreover remain very stable as a function of temperature
with the same two additional steps at 250 and BD0SEM (Figure 9).

observations on both surface and fracture surface of the

sample evidences a homogeneous microstructure and above Conclusion
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all it confirms the formation of necks between the cere

A meth n rowth pr re w
(39) Maroyal, R.; Requena, J.; Moya, J. S.; Lopez, C.; Cintas, A.; Miguez, ethod based on a seeded growth p ocedure was

H.; Meseguer, F.; Vazquez, L.; Holgado, M.; Blanco, M. Mater. modified to coat (BasSto.4) TiO3 ferroelectric nanoparticles
@) }\A9_97, 9, 237. " . - A s with dielectric silica shell. The aim was to process new
iguez, H.; Meseguer, F.; Lopez, C.; Blanco, A.; Moya, J. S . . . .
Requena, J.: Mifsud, A.; Formes, Ydy. Mater. 1998 10, 481 ferroelectric nanocomposite materials for telecommunication

(41) Dupont, A. Thesis, University Bordeaux I, 2004. applications.
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To avoid contamination of the final composite material, theless greatly decrease by the contribution of the silica
citric acid was successfully selected as a stabilizing agentphase. To improve both the microstructure and the dielectric
to improve the colloidal stability of BST particles in the performances, our strategy was to take advantage of the self-
ethanol reacting medium. The synthesis method allowed assembly properties of size-sorted BST@silica (5 nm)
controlling accurately the silica shell thickness, as was the nanoparticles. SEM results have shown evidence of the neck
essential aim of this study. Indeed, the expected silica formation at only 1000C. Reliable dielectric characteriza-
thickness matched the effectively coated one in the thicknesstion was possible on as-calcined colloidal composites. The
range from a few nanometers to 100 nm. Both size sorting ferroelectric transition temperature was kept, the dielectric
and washing were simultaneously performed, avoiding an permittivity reached expected values, and the dielectric losses

additional step in the process. o were very low and stable in the whole temperature range.
First attempts of low-temperature sintering on compacted Thjs |ast result confirms that the silica shell acts as a

powdgr allowed Obta'”'”g BST/5|I|ca (40 qm) COMPOSIt  jiglactric loss barrier while keeping the intrinsic properties
ceramics. The corresponding microstructure is heterogeneous¢ 11« ferroelectric cores

due to the agglomeration of the green powder. However, the

Curie temperature of the ferroelectric cores, which is an i ) o
intrinsic parameter, is maintained in the composites. Such a_ Acknowledgment. Stéphane Momet is a recipient of a
result is hardly achieved in standard ferroelectric/dielectric Postdoctoral fellowship from the Conseil @enal d'Aquitaine.
composites. Capacitance and dielectric losses values nevereM050884R



