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Abstract

Thin, flat sheets, about 90um thick, were prepared from ceria-doped scandia-stabilized zirconia
with formula 10Sc,03-1Ce0,-89 ZrO, (hereafter 10Sc1CeSZ) by tape casting and subsequent
sintering at different thermal cycles.

A sintering thermal cycle was selected that yielded defect-free flat sheets, with practically
negligible porosity (between 0.35 and 0.10%) and average grain diameters ranging from 1.32 to
6.30 um.

lonic conductivity at 600°C was as high as 21 mS/cm. lonic conductivity increased with average
grain diameters up to 2.7 pm. At higher average grain diameters, conductivity remained

practically constant.

Keywords: Tape casting; Grain size; conductivity; zirconia.

1 Introduction

Zirconia solid solutions with certain oxides of Group IlIB elements have been widely studied in
recent years, owing to their possible use as electrolytes in solid oxide fuel cells (SOFCs).
Until the beginning of this century, Y,0s-stabilized zirconia was the most widely studied solid

solution [1-5]. However, these materials have the drawback that their conductivity progressively
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declines [6-7], when they operate in the range of temperatures in which their conductivity has an
acceptable value (from 800 to 1000°C) [8,9].

During the last few years, it has been widely sought to improve the ionic conductivity of zirconia
solid solutions at progressively lower temperatures to avoid their thermal degradation [10,11].
Sc,0;-stabilized zirconia, in its cubic crystalline form, exhibits higher ionic conductivity at
intermediate temperatures (700-900°C) than Y,0O;-doped zirconia [12-14]. Good results have
also been obtained when zirconia is doped with Y,03 and Sc,0; [15,16], the results being even
better when the dopants are CeO, and Sc,0; [17-19].

This study was undertaken to obtain flat defect-free electrolyte sheets, less than 100 ym thick,
with a porosity below 5%, and having appropriate mechanical strength and ionic conductivity
when operating at temperatures ranging from 600 to 700°C (IT-SOFCs). The study was
conducted using ceria-doped scandia-stabilized zirconia with molecular formula
10S¢,03.1Ce0,.897r0O, (10Sc1CeSZ). Sintered samples of this composition have yielded ionic
conductivities of up to 16 mS/cm, operating at 600°C [19].

Flat sheets of the specified thickness were formed by tape casting, this technique being
commonly used in industrial practice for manufacturing thin sheets and films of ceramic
materials at a relatively low cost. The sheets formed by this method exhibit a smooth surface,
precise dimensions and, if the additives are optimized, appropriate dry mechanical strength for
handling before sintering [20]. The following components are usually added in tape casting: a
liquid for suspending the powder and dissolving the necessary organic additives, a dispersant, a
binder [21], plasticizers, and sometimes a homogenizer.

The higher the organic additives content in the dry sheet, the higher the porosity of the sheet
after organic matter burnout under non-isothermal conditions. The arising stresses in this stage
can lead to dimensional variations, cracking and other microstructural defects in the sheet [22].
Burnout has therefore to be performed at a very low heating rate [23]. The ensuing sintering
process is usually conducted in two steps: a first one, under non-isothermal conditions, at a very
low rate up to the pre-set sintering temperature and a second one, in which the pieces are

isothermally treated at this temperature for a certain time.
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2 Experimental Procedure

The 10Sc1CeSZ powder used as basic component came from the Japanese company DKKK
(Daiichi Kigenso Kagaku Kogyo Co. Ltd.) and was supplied by the German company Sumitomo
Deutschland GmbH. The specific surface of this powder, determined by the BET method, was
11 mz/g.

The solvents used (methyl ethyl ketone, isopropanol, xylene, and ethanol) were analytical grade
reagents. Menhaden fish oil (MFO) was used as dispersant while dibutyl phthalate (DBP) and
polyethylene glycol 400 (PEG-400) were used as plasticizers. Polyvinyl butyral (PVB) was
chosen as binder.

The electrolyte sheets were formed by tape casting suspensions of 10Sc1CeSZ powder in two
different mixtures of solvents: a) methyl ethyl ketone (MEK) and isopropanol and b) xylene and
ethanol. The suspensions were homogenized in a FRITSCH Pulverisette 5 planetary mill in two
consecutive steps to prevent the competitive adsorption of the dispersant and binder onto the
10Sc1CeSZ particles [21,24]. In the first step, the solvent mixture, dispersant, and the
10Sc1CeSZ powder were milled for six hours. In the second, the plasticizers and binder were
added, stirring for sixteen hours. Air was then removed under low pressure, avoiding solvent
evaporation. Suspension apparent viscosity was then measured at a temperature of 25°C, in
order to relate apparent viscosity to flowability in the tape casting equipment [25,26]. The sheets
were tape cast onto a polyethylene film that moved across the doctor-blade table, where they
were left to dry for 24 hours before cutting them into pieces of different sizes.

Cylindrical test pieces were obtained by uniaxial pressing of 1g samples of 10Sc1CeSZ with an
organic binder, in an Instron Universal Testing Machine, at a pressure of 80 MPa, in a 19 mm-
diameter die.

The dry test pieces were heat treated in two consecutive steps. The first step, aimed at burning
out the organic matter, was carried out at a constant heating rate. The second step was
performed in two stages: a constant heating rate up to sintering temperature followed by a dwell
time at that temperature. In the case of the sheets obtained by tape casting, the pieces were
placed in a sandwich arrangement between two porous refractory slabs (Repton tiles) during

heat treatment.
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The DTA-TG was done in a Mettler Toledo TGA/SDTA 851e, under air atmosphere, at a heating
rate of 2°C/min up to a temperature of 1400°C.

The sintering curves (variation of shrinkage with temperature) of the dry sheets were
determined by hot stage microscopy (HSM) in a MISURA 3 by Expert System Solutions at a
heating rate of 2°C/min, in air atmosphere. The hot-stage microscopy (HSM) is the combination
of a heating stage (hot stage) with a sample holder coupled with a light microscope and a
system that allows to record the changes in shape and geometry of a sample with temperature
when submitted to a thermal cycle.

The crystalline phases present in the sintered samples were determined by XRD with a D8
Advance BRUKER diffractometer.

Cross sections of the samples were embedded in an epoxy resin and then polished to 1um with
diamond paste, in order to measure their porosity and grain size.

Porosity was measured by image analysis (Olympus Microlmage v4.0) of SEM images of the
polished samples obtained in a FEI QUANTA 200 FEG scanning electron microscope. Total
porosity (area %) and pore size distribution were determined for every sample. The
characteristic size chosen for the pores was the “projected area diameter” [27], defined as the
diameter of the circle having the same area as the pore section, and calculated from the pore

section area (A,) as:

Ap
d,=2|—" (Eq. 1)
T
The grain size of the sintered specimens was measured from SEM images of thermally etched
samples (to reveal grain boundary [28,29]), using the same image analysis software. The grain

size for every particle (Dg) was also calculated as the projected area diameter:

D, =2,]-*% (Eq. 2)
where A was the area of the grain section. The values obtained were classified and weighted in

area to obtain the particle size distribution; the average grain size (Dso) was taken as the

median value of this area-weighted distribution [30-32].
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The cylindrical sintered specimens intended for the measurement of the ionic conductivity were
coated on both sides with platinum paste to obtain the electrodes. The coated samples were
then dried in an oven at 110°C and heat treated in an electric laboratory furnace at 850°C for 60
minutes.

Conductivities were measured by complex impedance spectroscopy [33] with an impedance
analyzer Solartron 1260, connected to a tubular furnace with a measurement cell consisting in
two contact points and four platinum wires. The measurements were made under atmospheric
conditions at 600°C. The frequency was varied between 102 Hz and 10" Hz. The perturbation
applied was 100 mV. Total conductivity, as well as bulk grain and grain boundary conductivities,
were determined from the impedance spectra by using the ZView2 software.

The flexural strength of the sintered sheets was measured by the “ball-on-ring” method from
biaxial flexure tests [34], performed in an Instron Universal Testing Machine.

The measuring device consisted of a steel support with a central hole, on which the specimen to
be tested was located. On this, a load was applied by means of a piston which, in the part in
contact with the specimen, was rounded and that was advancing at a constant speed of

1 mm/min. In the test, the breaking force of each sample is determined and the flexural strength

is calculated from its value, according to the expression proposed by Shetty [34].

3 Results and discussion

3.1 Preparing the 10Sc1CeSZ suspensions and casting the sheets

Several suspensions were prepared from the 10Sc1CeSZ powder by using two different liquid
systems: a) a mixture of methyl ethyl ketone (MEK) with isopropanol and b) a mixture of xylene
and ethanol. In both cases, the proportions of liquids and additives (binders, plasticizers and
dispersants) were modified in order to find the suspension that, after tape casting, provided
sheets with the desired characteristics.

The criteria used to select the optimal conditions were, in the first place, the possibility to
produce very flat sheets without defects and secondly, to introduce the lowest possible amount

of additives.
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A total of 23 suspensions were prepared with the mixture MEK-isopropanol. The composition
leading to the best dry films contained (in wt%) 42.8% 10Sc1CeSZ, 25.9% MEK, 16.9%
isopropanol, 1.7% MFO, 1.2% DBP, 3.0% PEG-40 and 8.6% PVB-The quality of the sheet
obtained casting this suspension was very good. However, the content in organic matter of the
dry sheet was too high, around 25 wt%, resulting in an excessive porosity after sintering. With
the objective to reduce the amount of organic additives, a new mixture of liquids (xylene-
ethanol) was selected to prepare the suspensions.

Using xylene-ethanol as solvent, 18 different suspensions were tried. The best dry and sintered
sheets were obtained from a suspension prepared with (weight percent) 59.7% 10Sc1CeSZ,
14.8% of xylene, 14.8% ethanol, 1.8% MFO, 3.6% DBP, 1.2% PEG-400 and 4.2% PVB. The
aspect of the cast sheet is shown in Fig. 1.

The use of this last suspension to form the sheets should lead to obtaining sintered samples of
better quality. Indeed, increasing the solids content from 43% (using MEK-isopropanol as
solvent) to 60% should reduce the shrinkage experimented by the sheets during the drying
(solvent removal) step. On the other hand, reducing the content of organic additives (MFO,
DBP, PEG-400, PVB), in the dry sheets, from 25 to 15.3%, should reduce the porosity of the
samples resulting from the organic matter removal step, prior to sintering. Both circumstances

should contribute to obtaining sintered samples with less defects and lower porosity.

3.2 Designing the thermal treatment to remove the organic additives and sinter
the dry sheets.

In order to optimize the thermal cycle and obtain sintered sheets without defects (such as
cracks, warping or loss of planarity) a DTA-TG and a hot-stage microscopy of the dry
composition (the optimal for the MEK-isopropanol mixture) were performed.

The TG diagram obtained (Fig. 2) shows two clearly distinct peaks: one broader, with its
maximum at 283°C, and another narrower, with its maximum at 371°C that ends around 450 °C.
The DTA diagram in Fig. 3 confirms the results obtained in the TG essay, for it shows two

exothermic peaks that should arise from the combustion of the organic additives. No other
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peaks, due to either mass or phase changes, are observed at higher temperatures, which
implies that the cubic zirconia undergoes no transformation during the sintering step.

This fact was further confirmed by an XRD analysis of a dry sheet of the same composition,
treated for the organics removal and then sintered to 1500°C. When compared with the XRD
analysis of the starting zirconia powder, it was assessed that the diffractogram hadn’t changed
and only those peaks pertaining to the cubic zirconia appeared.

Hot stage microscopy was also carried out in air atmosphere, at a heating rate of 2°C/min and
up to 1350°C, for the best dry composition obtained in the system xylene-ethanol. The result is
presented in Fig. 4, as linear shrinkage versus temperature. There is a first period of sharp
shrinkage due to the organics removal, with a maximum shrinkage rate at about 215°C; then,
shrinkage halts at about 420°C and the test piece expands slightly until it reaches 895°C. At this
temperature, the sintering stage begins and the sample shrinks again till it reaches 1350°C,
maximum temperature of the thermal cycle.

From the results of the previous tests, it can be concluded that the burnout stage of the dry
samples (obtained either by tape casting or by pressing), in an air atmosphere and at a heating
rate of 2°C/min, ends around 450°C.

To verify this fact, the dry sheets were heated at 2°C/min to different maximum temperatures,
ranging from 300 to 600°C. The aspect of some of them after heat treatment is shown in Fig. 5.
At 300°C, the sheet was blackish due to the coking of the organic additives, while the sample
treated to 400°C was almost white but with a gray shade that implied there was still some
carbon left. At 500°C, the removal of the organic additives was complete and the sheet obtained
was white. At higher temperatures, though, the samples cracked. None of the sheets obtained
in those conditions had the desired planarity, so the heating rate was lowered to 1°C/min and
then, even further, to 0.5°C/min.

Fig. 6 shows the sheets obtained at the heating rate of 0.5°C/min to several maximum
temperatures. It can be observed that, at this lower heating rate, the removal of the organic
material is complete even at 400°C and, at the maximum temperature of 500°C, the sheets are
free of defects and retain their original planarity. So, a heating rate of 0.5°C/min and a maximum

temperature of 500°C was chosen for the burnout stage of the subsequent samples.
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After the burnout, the heating rate to the sintering temperature had to be considered. Different
heating rates were tried, finally choosing 2°C/min as the highest one that allowed to obtain
sintered sheets free of defects. The peak temperatures chosen for the sintering step ranged
from 1200 to 1500°C.

3.3 Sintering the sheets.

After the burnout, the sheets were heated at a heating rate of 2°C/min from 25°C up to four
different sintering temperatures (Ts) of 1200, 1300, 1400 and 1500°C, at which they remained in
isothermal conditions for 2, 4 or 6 hours. Then, their porosity (¢), mean pore diameter (ds) and
average grain size (Dsg), were measured.

Fig. 7 graphs the porosity (¢) and mean pore diameter (dsg) values of the sheets versus their
holding time (t,) at each one of the four sintering temperatures. It can be observed that:

a) The porosity of the sheets sintered at 1300,1400 and 1500°C is quite similar (between 0.35
and 0.10%) and hardly changes with holding time. The lowest values (0.10 - 0.11 %) are those
obtained for the sheets sintered at 1400°C (t, = 6h) and 1500°C (t, = 4 and 6 h); those
specimens can be admitted to be practically free of porosity.

b) The porosity of the sheets sintered at 1200°C during 2 and 4 hours is much higher, reaching
values that far exceed the acceptable limits.

c) The pore average diameter is little affected by the holding time and its value ranges between
0.34 and 0.18 ym, at the four sintering temperatures studied. The lowest values are obtained for
the sintering temperatures of 1300 and 1400°C.

Fig. 8 shows the SEM images of the grains in the surface of the sheets treated at the four
sintering temperatures (Ts) for different holding times (t,), at the same magnification. It can be
seen that though grain size increases both with temperature and holding time, the influence of
temperature is much greater than that of the holding time. The evolution of the average grain
size of these samples (Dsg), measured by image analysis, with the holding time at each
temperature, is presented in Fig. 9.

3.4 Sintering the cylindrical pressed specimens.

On measuring the ionic conductivity of the sintered sheets, the values obtained were widely

scattered and unreliable, very likely because the samples were less than 0.1 mm thick, much
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1

2

3

4 thinner than those usually measured by impedance spectroscopy, that range between 0.8 and 4
5

6 mm of thickness [35-37].

7

8 Therefore, in order to measure the conductivity, cylindrical specimens, 14mm in diameter and
20 1.12 mm thick, were uniaxially pressed from a mixture of 10Sc1CeSZ powder and organic

E binder. The pressed samples were then subjected to the same thermal treatments as the dry
13 sheets.

14

15 Nevertheless, before measuring their conductivity, it was considered necessary to assess

16

17 whether their porosity and grain size were comparable to that of the cast sheets sintered in the
18

19 same conditions, as both porosity and grain size influence the ionic conductivity.

20

21 Fig. 10 shows the evolution of porosity (¢) and mean pore diameter (ds), for the sintered

3:23 pressed specimens as a function of holding time (t), for three sintering temperatures. As can be
gg seen, at the two highest sintering temperatures, porosity is comprised between 0.4 and 1%
26 while for the sheets sintered at the same temperatures, porosity varied from 0.1 to 0.35% (see
27

28 Fig. 7). As regards the mean pore diameter, it was around 0.3 pm in the sintered pressed

29

30 specimens, quite similar to that of the sintered sheets.

31

32 Fig. 11 shows the evolution of the average grain size of the pressed specimens, both with the
33

34 sintering temperature (1300, 1400 and 1500°C) and the holding time (1 to 6 hours). As can be
gg seen, the average grain size values are very similar for pressed specimens and sheets at the
g; sintering temperatures of 1300 and 1400°C. Only at the highest sintering temperature, 1500°C,
39 the grain sizes of the sheets (4.75, 5.71 and 6.30 um) are larger than those of the pressed

40

41 specimens (3.80, 4.30 and 4.70 um).

42

43

44

45 3.5 lonic conductivity of the sintered pressed specimens.

46

47 The ionic conductivity of the sintered pressed specimens was measured at several

48

49 temperatures, ranging from 300°C to 1000°C. Fig. 12 shows the impedance spectra of these
50

51 specimens at the test temperatures of 300 and 600°C.

gg Given that the electrolyte studied must be applicable for intermediate or low-temperature solid
gg oxide fuel cells (SOFCs), Table 1 lists only the values of total ionic conductivity (o) obtained for
56

57

58

59

60
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the sintered pressed specimens at 600°C. The sintering conditions (Ts and t) are also included,
as well as the average grain size of the sintered pressed specimens (Dsgps).

From the values shown in Table 1, the following is deduced:

a) In the specimens sintered at 1300°C, conductivity increases with the average grain size until
it reaches 2.7 ym, while at the two highest sintering temperatures (1400 and 1500°C),
conductivity values remain practically constant around an average of 21.5 mS/cm (the
fluctuations around that value falling within the experimental error of £0.5 mS/cm). This result
seems to indicate that, for Dsy larger than 2.7 ym, the increase in grain size no longer affects
the total conductivity value. This behaviour has been repeatedly observed throughout all the
range of test temperatures studied, between 300 and 1000 °C [42] and agrees with the results
obtained by Lee et al. [17].

b) At the sintering temperatures of 1400 and 1500 °C, the maximum value of the total
conductivity in the sintered samples is already reached for holding times of 2 hours.

c) The total ionic conductivities obtained are of the same order but slightly higher than the ones
obtained so far, for scandium and cerium doped zirconia electrolytes for SOFC cells at the test
temperature of 600°C, by other researchers. Indeed, the reviewed literature reports total
conductivity values, at 600°C, that vary from 3 to 15 mS/cm [38-41].

When comparing the grain size of the sintered pressed pellets obtained in this work with that of
similar samples obtained by other researchers, no significant differences were found in most
cases [38, 39] so it doesn’t seem likely that the improvement in conductivity results from a
difference in the grain size. Perhaps the reason why the conductivities of the pressed
specimens obtained in this work are higher than those of similar samples in the literature is that
their porosity, between 0.4 and 1 %, is quite low.

An issue that could arise is the applicability of the values of total ionic conductivity measured in
the pressed pellets to the sheets sintered at the same temperature and holding time. Given the
little difference existing between the values of the structural properties (g, dsq and Ds) of the
sheets and of the sintered pressed pellets (Table 2), and taking into account that the
conductivity seems to be virtually independent of grain size when it exceeds 2.7 ym, the

conductivity of the sheets can be expected to be quite similar to that of the pressed specimens.
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In fact, as the porosity of the sintered sheets is lower than that of the pressed specimens, their
conductivity could even be slightly higher. Therefore, we consider that the conductivity values
measured on the pressed specimens can be accepted as representative of the conductivity of

the sheets sintered in the same conditions.

3.6 Fracture strength of the sintered sheets
The fracture strength was measured in 90-um-thick sheets, sintered at 1400°C during 6 hours,
obtaining a value of 121 MPa. The sheets were somewhat fragile, so their thickness should be

slightly increased to improve the handling of the specimens.

4 Conclusions

It has been possible to obtain dry flat sheets of 10Sc1CeSZ with a thickness of 90um, without
defects, by tape casting a suspension of the particles in xylene-ethanol and other organic
additives (binders, plasticizers and dispersants).

The thermal cycle has been optimized. In a first step, the organic additives contained in the dry
sheets have been burnt out in non-isothermal conditions, at a heating rate of 0.5°C/min from
room temperature up to 500°C. In a second step, the burnout sheets have been heated at
2°C/min up to the desired sintering temperature, and held at that temperature for different
holding times.

The sintered sheets have very low porosity (between 0.35 and 0.10 %) and an average grain
size that increases with sintering temperature and holding time from 1.32 to 6.30 ym.

Due to the difficulty of measuring the conductivity in the sintered sheets, cylindrical specimens,
1.12 mm thick, have been prepared by isostatic pressing of a mixture of 10Sc1CeSZ powder
and organic additives. The specimens have then been subjected to the same heat treatment
than the sheets, both for the burnout and the sintering steps.

The sintered samples have conductivity values, at 600°C, of 21 mS/cm, higher than the values
usually reported in the literature, probably due to the high pressures used to form the cylindrical

specimens, which have led to sintered samples with very low porosity.
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In the operational conditions employed, the conductivity increases with the average grain size

until it is around 2.7 uym. For larger grain sizes, conductivity is virtually constant.
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Figure captions

Fig. 1. Aspect of the best cast sheet obtained using xylene-ethanol as a solvent.

Fig. 2. Thermogravimetric analysis of the best composition using MEK-isopropanol (dry but
containing the organic additives).

Fig. 3. DTA diagram of the dry sheet shown in Fig. 2.

Fig. 4. Linear shrinkage versus temperature for the best composition obtained using xylene-
ethanol as a solvent.

Fig. 5. Aspect of the sheets heated at 2°C/min up to different maximum temperatures.

Fig. 6. Aspect of the sheets heated at 0.5°C/min up to different maximum temperatures.

Fig. 7. Porosity and mean pore diameter of the sheets obtained at different sintering
temperatures and holding times.

Fig. 8. Sintered sheets observed from the surface. Variation of the grain size with sintering
temperature and holding time.

Fig. 9. Sintered sheets. Variation of the grain size with sintering temperature and holding time.
Fig. 10. Porosity and mean pore diameter of the pressed specimens at different sintering
temperatures and holding times.

Fig. 11. Pressed specimens. Evolution of the average grain size (Dsp) with sintering temperature
and holding time.

Fig. 12. Impedance spectra of pressed samples sintered at different times and temperatures

measured at: (a) 300°C and (b) 600°C.

International Journal of Applied Ceramic Technology 16



Page 17 of 31 International Journal of Applied Ceramic Technology

1
2
3
4 Tables
5
? Table 1. Experimental values of average grain size (Dsops) and total conductivity measured at
8 600°C (o7) of the sintered pressed specimens.
9
10
11
12 Ts (°C) th (h) or (mS/cm) Dsops (Mm)
13 1300 2 12.1 1.52
14 4 15.6 1.74
15 6 19.0 1.91
16 1400 2 215 2.70
17 4 21.6 3.01
18 6 21.0 3.30
19 1500 1 215 3.40

2 20.6 3.80
22 4 215 4.30
2 6 22.0 4.70
23
24
gg Table 2. Porosity (¢), average pore size (dsp) and average grain size (Ds) of the sintered sheets
g; (subscript S) and sintered pressed specimens (subscript PS).
29 Ts (°C) th (h) gs (%)  dsos(Mm)  Dsgs (MM)  gps (%) dsops (MM)  Dsops (M)
30 1200 2 6.42 0.34 - - - -
31 4 3.20 0.34 - - - -
32 6 0.75 0.30 g - - -
33 1300 2 0.23 0.22 1.32 1.70 0.30 1.52
34 4 0.20 0.20 1.49 1.07 0.29 1.74
35 6 0.20 0.21 1.76 1.06 0.30 1.91
36 1400 2 0.35 0.22 2.65 0.99 0.32 2.70
37 4 0.17 0.21 3.06 0.96 0.34 3.01
38 6 0.10 0.18 3.50 0.88 0.33 3.30
39 1500 1 - - - 0.66 0.33 3.40
40 2 0.15 0.24 4.75 0.62 0.33 3.80
41 4 0.10 0.28 5.71 0.52 0.34 4.30
42 6 0.11 0.26 6.30 0.48 0.35 4.70
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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600°C (o7) of the sintered pressed specimens.

Ts (°C) tn (h) or (mS/cm) Dsops (Mm)
1300 2 12.1 1.52
4 15.6 1.74
6 19.0 1.91
1400 2 21.5 2.70
4 21.6 3.01
6 21.0 3.30
1500 1 21.5 3.40
2 20.6 3.80
4 21.5 4.30
6 22.0 4.70
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Table 2. Porosity (¢), average pore size (dso) and average grain size (Ds) of the sintered sheets

(subscript S) and sintered pressed specimens (subscript PS).

©CoO~NOUTA,WNPE

Ts (°C) tn (h) gs (%)  dsos(Mm)  Dsgs (MM)  gps (%) dsops (MM)  Dsops (M)

10 1200 2 6.42 0.34 - - - -
3.20 0.34 - - - -
0.75 0.30

0.23 0.22 1.32 1.70 0.30 1.52
0.20 0.20 1.49 1.07 0.29 1.74
0.20 0.21 1.76 1.06 0.30 1.91

13 1300

16 1400 0.35 0.22 2.65 0.99 0.32 2.70
0.17 0.21 3.06 0.96 0.34 3.01

0.10 0.18 3.50 0.88 0.33 3.30

1500 - - - 0.66 0.33 3.40
0.15 0.24 4.75 0.62 0.33 3.80
0.10 0.28 5.71 0.52 0.34 4.30

0.11 0.26 6.30 0.48 0.35 4.70
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Caption :

Fig. 1. Aspect of the best cast sheet obtained using xylene-ethanol as a solvent.

60x45mm (300 x 300 DPI)
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Fig. 2. Thermogravimetric analysis of the best composition using MEK-isopropanol (dry but containing the
42 organic additives).
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Fig. 3. DTA diagram of the dry sheet shown in Fig. 2.
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47 Fig. 4. Linear shrinkage versus temperature for the best composition obtained using xylene-ethanol as a
solvent.
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Fig. 5. Aspect of the sheets heated at 2°C/min up to different maximum temperatures.
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32 Fig. 6. Aspect of the sheets heated at 0.5°C/min up to different maximum temperatures.

34 199x150mm (300 x 300 DPI)
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Fig. 9. Sintered sheets. Variation of the grain size with sintering temperature and holding time.
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27 Fig. 10. Porosity and mean pore diameter of the pressed specimens at different sintering temperatures and
28 holding times.
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25 Fig. 12. Impedance spectra of the pressed samples sintered at different times and temperatures, measured
26 at: (a) 300°C and (b) 600°C.
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