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ABSTRACT

Automatic image analysis has been used to follow the ceramic process of
dielectric capacitors in baryum titanate, from the powder to the sintered
blocks, in going through the ceramic films. The influence of process para-

meters - formulation ; grinding conditions ; particle size and shape ;
binder, dispersant, plastification agents ; temperature and time of sinte-
ring ; ... - have been investigated in relation with many physical proper-

ties of these dielectric materials.
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INTRODUCTION

Baryum titanate powders are used to fabricate ceramic capacitors. The main
problem to obtain parts of good quality is to avoid agglomerates and to
have the best homogeneity in the final product. It will depend not only on
the initial powder and additive characteristics, but also on the processing
conditions.

In the case of baryum titanate capacitors the different stages of the pro-
cess - powders, green films and sintering parts - have been investigated by
mean of automatic image analysis. Although the role of the morphology is
the predominant parameter on the quality of a ceramic capacitor, very few
works concern that objective (see for example Karas & al., 1988). In the
frame of her thesis (Prod’homme, 1992), many relationships between morpho-
logy and physical properties of BaTiO3 capacitors have been established

it allows to precise the exact role of the morphology on their characteris-
tics.

MATERIALS AND METHODS

Baryum titanate capacitors are fabricated according to a classical ceramic
route: tape casting and sintering. A slurry of the powder (BaTiOa, + NbZO5
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+ CoO + MnO2 additives) suspended in a blend of solvents (azeotropic mix-

ture of trichlorethylene - ethanol), binders (based a polyvynylbutyral,
PVB), dispersant (phosphoric ester) and plastification (benzyl butyl phtha-
late and tetraethylene glycol diethylhexoate) agents is laid out on a
stainless stell ribbon to obtain a film of 50 pm thickness, according to
the tape casting process (Mistler & al, 1978 ; Chartier & Jorge, 1991).
After serigraphy process, these films are stacking and sintered to obtain
blocks of capacitors of 10 * 10 cm” in size.

An image analyzer system made of a host computer (SUN 3.140) and an Imaging
Technology image processor Series 151 in the VISILOG environment (Noésis,
France) was used to analyze powders and green films, via a scanning elec-
tron microscope. The size of the memory image is 256 x 256 pixels, set in a
square grid. Each pixel has a depth of 256 grey levels. Moreover an automa-
tic image analyzer Nachet NS 1500 (Nachet - Microcontréle, France) in the
morpho-basis environment, with an hexagonal grid, was used to investigate
the sintered parts. Figure 1 illustrates the microstructures of the diffe-
rent materials.

Figure 1 : Micrographs of : a) BaTiO3 powder ; b) green film, texture T4 ;
c) sintered parts, Sl, at 1150°C.

Powders were investigated by granulometric methods (Serra, 1982 ; Coster &
Chermant, 1985;1989) - surface area, A(X), geodesic length, Lg(X), maximum

Feret diameter, F;ax(X), ... = by granulomorphy (Chermant & Coster, 1991)

and from shape parameters (Coster & Chermant, 1985;1989 ; Chermant &
Coster, 1992). Let us recall that granulometric methods are based only on a
size criterion, while granulomorphic ones are based on a shape and a size
criterion.

The texture and superficial porosity of the green films have been investi-
gated by texture analysis using granulometry in grey tone levels. That was
undertaken by openings directly on grey tone images from the SEM, without a
threshold process (Michelland & al., 1989; Prod’homme & al., 1991).
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The sintered parts have been analyzed from stereological parameters - spe-—
cific surface area, S (P), mean length of pores, LH(P)’ integer of mean
W

curvature, MV(P/S), and star function in Rs, Sta(P) - determined from the

P(¢) function (Coster & Chermant, 1985;1989), with the NS 1500 on SEM ima-
ges.

RESULTS AND DISCUSSION

From the very large number of results obtained by Prod’homme in her thesis
(1992), in the following we shall present only some specific morphological
results on the powder, the green films and the sintered capacitors, insis-
ting mainly on the consequence on the quality of the materials obtained.

Powders

Figure 2 illustrates the fact that granulometric and granulomorphic distri-
butions on projected particles can permit to control its state of disper-
sion, while the optimum ratio of the dispersant agent was determined from
rheological measurements. It has been precised that this dispersant agent
reduces the ratio of agglomerates, the mean and the variance of the par-
ticle size (Figure 2a) and the presence of branching in the grains. The
consequence is then a better homogeneity in the shape of the BaTiO3 grains.

Moreover a specific dispersant can lead to a decrease in the grain size and
to a better homogeneity in the shapes : a greater homogeneity is linked to
the absence of very concave shapes.
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Figure 2 : Effect of the presence (TOD) or not (TND) of the phosphoric
ester dispersant agent on the dispersion of BaTiO3 powder : a) granulome-

tric distributions of projected surfaces, A(X); b) granulomorphic distri-
butions of the geodesic lengthening according to the surface area, IGa(X).

Green films

Aggregates lead systematically to inhomogeneities in these materials and,
by consequence, to a decrease in the dielectric properties. These inhomoge-
neities can be either agglomeration of BaTiO3 grains and/or a network of

superficial microcracks. So the aggregate ratio is a crucial parameter to
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access to the green films. The physical properties increase with the homo-
geneity which depends on the ratio of the binder (polyvynylbutyral, PVB)
and of the plastification (a mixture of phthalate + glycol) agents. Diffe-
rent conditions of milling (CB) and of formulation have been explored and
it has been observed that whatever are the textures, T, there is a synergy
between these parameters. That is the case for many characteristics: den-
sity, mechanical strength, plasticity of the film, strain to rupture,..
(Prod’ homme, 1992), (Figure 3). For the different milling conditions it
implies therefore to define an optimum formulation. Close to the optimum
conditions, there is a great sensitivity of the material characteristics
with regard to the optimum process conditions.
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Figure 3 :Change in some characteristics of the green material with the
milling conditions (rotating speed of the jar, w) as a function of the
milling time, tav : a) density, d, ; b) maximum tensile stress, o c)

strain to rupture, € . The curves correspond, for each figure, to texture
r

T1 and T4 (respectively w = 43 tr/mn and 100 tr/mn).
Sintered parts

The classical stereology and derived parameters are easy to measure on the
sintered parts in BaTiOa. It gives precious information on the mechanisms

which are involved at the microstructural scale during sintering. For dif-
ferent types of specimens, S, corresponding to different microstructures,
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although the sintering conditions are similar, the distributions in the
volumic fraction of solid are different, informing on the heterogeneities
of the sintered blocks. The change in the volumic fraction of pores, VV(P),

informs on the densification : it is maximum between 1100 and 1150°C
(Figure 4). As for the mean length of pores, LI(P), it is relatively sta-

ble, with a coarsening of pores close to 1250°C. Regarding the specific
surface area, SV(X), it decreases with temperature as there is a rounding

of the pores, creation and growth of the necks. Parallely there is an in-
crease, then positive values and followed by a decrease for the integral of
mean curvature.

Moreover the presence of agglomerates in the initial structure generates a
significant delay during the densification.
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Figure 4 : Change in the volumic fraction of pores, VV(P], as a function of
the sintering temperature, T, and of the mean length of pores, Ll(P), as a
function of the volumic fraction of solid, VV(S), for two types of texture,
T1 and T4 (noted S1 and 82 respectively), of initially different homoge-

neity.
CONCLUSION

Automatic image analysis can also be a technique to follow the process to
develop ceramic materials, to quantify their microstructure and to esta-
blish relationships between the morphology of the grains and physical
properties

ACKNOWLEDGEMENTS
This work was supported by the GIS "De 1la poudre au composant", Contract

MRT n°90 A 0783, and by Thomson-LCC Company (M.P.). This is gratefully
acknowledged.




374 PRED'HOMME ET AL: BARIUM TITANATE DIELECTRIC CAPACITORS

REFERENCES
Chartier T, Jorge F. Le coulage en bande. Ind Ceram 1991; 856: 32-35.

Chermant  JL, Coster M. Granulometry and granulomorphy by image
analysis. Acta Stereol 1991; 10: 7-23.

Chermant JL, Coster M. Analyse de la forme. School "Minéraux finement divi-
sés" organized by SFMC and ANRT, Mantes La Jolie, France 1992. To
appear in 1993.

Coster M, Chermant JL.dPrécis d’analyse d’images. Paris : Les Editions
du CNRS, 1985. 2" Edition: Les Presses du CNRS, 1989 : 1-560.

Karas A, Kumagai T, Cannon RW. Casting behavior and tensile strength of
cast BaTiO3 tape. Adv Ceram Mat 1988; 3 : 374-377.

Michelland S, Schiborr B, Coster M, Mordike BL, Chermant JL. Size distribu-
tion of granular materials from unthreshold images. J Microsc 1989;
156: 303-311.

Mistler RE, Shanefield DJ, Runk RB. Tape casting of ceramics, in "Ceramic
processing before firing", edited by Onada GY & Hench LL, New York,
John Wiley, 1978: pp 411-448.

Prod’ homme M. Approche morphologique et physique d’un diélectrique pour
condensateur céramique multicouche : de la poudre au fritté. Thése de
Doctorat de 1’Université de Caen, Sept. 1992.

Prod’ homme M, Chermant L, Coster M, Chermant JL. Etude morphologique des
poudres. Applications au titanate de baryum et a 1’alumine. Rev Phys
ITI 1991; 1: 675-688.

Serra J. Image analysis and mathematical morphology. New York : Academic
Press, 1982 : 1-610.



