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Abstract

Tape-casting process was used to produce alumin®ghkubstrates in an aqueous system with poly(vinylalcohol) (PVA) and glycerine
as binder and plasticizer, respectively. Various compositions @Adlips were prepared by dispersing the powder in water with ammonium
polyacrylate (NHPA), with subsequently additions of different amounts of PVA and glycerine. The influence of the slip composition on the
rheological properties of the slips and the properties of the resultant green tapes were studied. In addition, the properties of the sintered tapes
were investigated and related to those of the green tapes. PVA and glycerine did not affect the dispersion properties@f plogvéér
which were governed by the adsorbed {#A. Glycerine additions enhanced the flexibility of the green tapes but also produced a decrease
in the tensile strength and in the drying shrinkage. The increase in the PVA content increased the tensile strength but resulted in a markedly
decrease in the green density of the tapes. The slip composition 5wt.% PVA-5wt.% glycerine produced green tapes with sufficient tensile
strength and flexibility which had higher green and sintered density and lower sintering shrinkage. Thus, this composition was adequate for
the production of AlO; substrates by the tape-casting process.
© 2004 Elsevier Ltd and Techna S.r.l. All rights reserved.
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1. Introduction for tape-castingb,6]; they have low boiling points and pre-
vent the ceramic powder from hydration, but require special
Tape-casting or doctor-blade process has proved to be esprecautions concerning toxicity and flammability.
pecially useful to produce thin and flat &3 sheets mainly The slow evaporation and agglomeration due to hydro-
for the electronic industnf1-3]. As a ceramic forming  gen bonding make water-based systems less attractive. Nev-
method it is generally advantageous for preparing relatively ertheless, water-based systems would be preferred in terms
large area, thin sheets with uniform and high unfired densi- of toxicity, environmental consistency and price; the use of
ties[2]. water-based systems represents an interesting alternative to
Tape-casting, basically, consists of preparing a suspen-the widespread non-agueous tape-casting.
sion composed of the ceramic powder dispersed in a sol- Compared with non-aqueous solvents, the variety of water
vent, with addition of dispersants, binders and plasticizers soluble binders and plasticizers systems is restri§tgd
[4]. This suspension is cast onto a stationary or moving sur- In this work, PVA and glycerine were used as binder and
face. The solvents are evaporated leaving the dried greerplasticizer, respectively, in an aqueous tape-casting process
tape with a typical thickness in the range of 30-1000 for Al,O3 substrates.
which is stripped from the surface and cut to the appropriate  Although a number of producers of electronic ceram-
shape. After removal all organic components, green sheetsics located throughout the world employed the doctor-blade
are sintered4]. method, there are relatively few papers that provide many
Tape-casting systems may be classified according to theof the details about the process. The present doctor-blade
type of solvent used. Organic solvents are generally usedtechnology on casting formulations is based predominantly
on the state of the art with little understanding of the funda-
* Corresponding author. Tek-54-218-40247; fax:#54-217-10075. mental behavior of the constituents in a specific formulation
E-mail addresscetmic@netverk.com.ar (M.P. Albano). beyond certain general objectives. In this work, the influence
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of the slip composition on the rheological properties of the 2.4. De-airing

slips and the properties of the resultant green tapes were

studied. In addition, the properties of the sintered tapes were The slips were de-airing under a mechanical vacuum for

investigated and related to those of the green tapes. several minutes. The vacuum vessel was backfilled with air
pre-saturated with the solvent to prevent formation of a skin
on the surface of the slip.

2. Experimental procedure )
2.5. Rheological measurements

2.1. Materials ) )
Steady state flow curves of the fluid part of,8k slips

A commercial AbOs powder (Alcoa A-16 SG, Pittsburgh,  (the slip cont_aining all the components Witho_ut the powder)
USA) was used in this study. The mean particle diameter @nd AkOs slips were performed by measuring the steady
and the specific surface area were @6 and 8.1 /g, re- shear stress value as a function of shear rate in the range of
spectively. 0.3-100s? using a concentric cylinder viscometer (Haake

The dispersant was a commercial ammonium polyacry- VT550, Germany) at 25C. As soon as stationary conditions
late solution (Dolapix CE 64, Zschimmer & Schwarz). A Were reached at each shear rate, the shear rate increased in

16 wt.% PVA solution and glycerine (99.5%) were used as Stéps up to the maximum value and then decreased. The

binder and plasticizer, respectively. relative viscosity {r) is defined as:
_ s
2.2. Zeta potential determinations -

where s is the viscosity of the suspension and is the

. . 0 .
Zeta potential values against pH of 1vol.%,8% slips viscosity of the fluid part only, was calculated at 106.s

with 0 and 0.3wt.% NHPA were determined in the pH
range 4-10 with ESA measurements using an electroacus—2 6. Tape-castin
tic equipment (Model ESA-8000, Matec Applied Science, = P 9

Hopkinton, MA). Slips were cast on a fixed polyethylene carrier film using

the doctor blade method. The casting speed was constant at
1cm/s and the gap between the blade and the carrier film
was adjusted at 0.5mm. The cast tapes were dried in air

Al20s slips were prepared by deagglomeration of 359 4t room temperature during 2 days: afterwards, they were
Al>03 in 15 ml de-ionized water with 0.3 wt.% N{PA (dry stripped from the film.

weight basis of powder), by ultrasonic treatment, with sub-
sequently additions of different PVA and glycerine contents. 5 7 characterization of green tapes
The pH of the suspensions was 9.5.

The solid content of the slips, expressed as wt.%, changed e tensile strength and the strain to failure of the green

as a consequence of the different amounts of PVA and glyc- (3nes were measured using an Instron 4411 universal ma-
erine added. In this way, adequate viscosity values for the .jine.

tape-casting process could be obtained. The slip composi-
tions prepared are shown irable 1

2.3. Slip preparation

In order to determine the amount of water adsorbed,
the green tapes, PVA and glycerine adsorbed on alumina,
were analyzed by thermal gravimetric analysis (TGA)
Table 1 (Model STA 409, Netzsch Inc., Germany) at a heating
Compositions of AJOs slips with different amounts of PVA and glycerine  rate of 10°C/min in an air atmosphere. The amount of
water adsorbed on the tapes was calculated as the dif-

PVA content Glycerine PVA/Glycerine  Solid content .

(Wt.%) content (wt.%) (Wt.%) ference between the_ Wel_ght loss of the tape and that of

5 33 15 562 the PVA and glycerine in a temperature range of 20—
4 1.25 56.0 120°C.
5 1 55.7 The thickness of the green tapes was measured using a

6 4 15 54.1 Mitutoyo absolute ID-S 1012 Digimatic Indicator; then, the
4.8 1 53.5 drying shrinkage expressed as percentage of the blade open-
6 1 535 ing was calculated. The tapes were weighed and measured

7 4.7 15 52.1 to determine the green density. The pore size distribution
5.6 1.25 51.9 of green tapes was performed using mercury porosimetry
7 1 515 (Porosimeter 2000 Carlo Erba, Italy). The microstruc-

aThe PVA and glycerine contents were expressed as the dry weight tUres were observed by scanning electron microscopy
base with respect to ADs. (SEM).
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2.8. Sintering u lip 5wt%% glycerine
o dip 7wt% glycerine
. o fluid 5wt% glycerine
For the sintering tests, the tapes prepared from the slip 10000 " o fluid 7wty glycerine
compositions with PVA/Glycerine ratios of 1 and 1.5 were ] | -
used. The tapes were loaded, during the firing, inside an ° ° - ..
inverted alumina crucible to prevent warping. The elimi- g? ¢ ® "
nation of the solvent and the burning out of polymer ad- £ ®e ",
o : ; . > 1000 °, .
ditions were obtained by slow heating °@/min) up to g ] ° *c,e%84,, L
600°C, with a plateau at 120, 280 and 6@D. Then a heat- 2 ¢ s Seeoe
ing rate of 5C/min was applied to achieve the final sin- 0
tering temperature of 155@ and the tapes were sintered o § Q q
“1 2 P Feg8oongagess
2.9. Characterization of sintered tapes ©
U T T e T oo
The linear shrinkage during firing was geometrically mea- Shear rate (3)

sured. The bulk density of the sintered tapes was determinedFig. 2. Viscosity vs. shear rate curves for the fluid part of the slip and
by water immersion (Standard Method ASTM C20). The e glip of two slip compositions with a constant PVA content of 7wt.%
microstructures were observed by SEM on polished sectionsand different glycerine contents.
after etching in hydrofluoric acid (10%) at room temperature
for about 15 min.
the shear rate. A pseudoplastic behavior is desirable in the
tape-casting process [6]. The dip viscosity decreases under

3. Results and discussion the shear rate generated by the blade; immediately after the
shear rate is released and during storage, the dlip viscosity
3.1. Rheological properties returns to a high level. This avoids any settling of the parti-

cles and preserves an homogeneous distribution of the dlip
Fig. 1shows the flow curves of viscosity versus shear rate components in the tape by reducing their mobility [6].
for the fluid part of the slip and the slip of two slip com- Anincrease in the PVA content resulted in amore viscous
positions with a constant glycerine content of 5wt.% and fluid phasewhich increased the dip viscosity (Fig. 1). Onthe
different PVA contentskig. 2 shows the flow curves of vis-  contrary, a greater amount of glycerine produced a slightly
cosity versus shear rate for the fluid part of the slip and the decrease in the viscosity of the fluid part and consequently
slip of two slip compositions with a constant PVA content in the slip viscosity (Fig. 2). Thus, the curves indicated that
of 7wt.% and different glycerine contents. The fluids were the differences in the dlip viscosity were merely due to the
nearly Newtonian and the slips exhibited a pseudoplastic differencesin the viscosity of the fluid part. Thereby, nearly
behavior. Thus, the slip viscosity decreased with increasing the samerel ative viscosities of the slips, which have anarrow
range of solid loading, were expected.
Fig. 3 shows the dip relative viscosity as a function of

= dlip 7wt% pva

1 : ;‘I'UE ;mﬁggga the PVA/Glycerine ratio for different PVA contents. Almost
10000 ] o fluid 5w% pva the same relative viscosities were found for different PVA
i " contents and PVA/Glycerine ratios. This indicated that the
"ar, dip dispersion was nearly the same irrespective of the PVA
) o ® o o, ", and glycerine contents. The PVA and glycerine did not affect
§ 1000 .. ey, the dispersion properties of the powder which were basically
':Z: ] ; . : ces8ss, : : corgrollidstl:]:y thetr(]jispisant t(Nlt-.|:\|PA) ad(fjedcftirst. o o
ig. ows the zeta potential as a function of pH o
g oo i 8o gy Al,0; slipswithout NH4PA and with 0.3wt.% NH4PA. The
1 8 5 9 8o BB E BEgBpgEBBE isoelectric point (IEP) of the Al,O3 powder was found to be
o L 000008 88868 8.5. This pHep was in agreement with that reported in the
| o literature [8]. The addition of NH4PA resulted in an increase
0l % - _ in the negative surface charge of the powder at alkaline pH,

1 10 T 00 shifting the pH,ep of the Al,O3 powder from 8.5 to 7.
Shear rate (s7) The ammonium polyacrylate dissociation according to the

Fig. 1. Viscosity vs. shear rate curves for the fluid part of the slip and the reaction:

dlip of two slip compositions with a constant glycerine content of 5wt.%

and different PVA contents. RCOONH, = RCOO™ + NH4™
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Fig. 3. Relative viscosity as a function of PVA/Glycerine for different PVA contents.

begins at pH >3.5; at pH values >8.5 the polymer charge
is negative with the degree of ionization («) approaching 1
[9]. The RCOO™ groups of the deflocculant are adsorbed at
the positive sites of the Al,O3 powder surface at alkaline pH
[9]. Another additional effect than electrostatic considera-
tion, e.g. an acid-base reaction between hydroxyl groups on
alumina and —COOH groups on the NH4PA chains[10], en-
hanced the adsorption on the Al,O3 powder surface. Thus,
the NH4PA adsorbed increased the negative surface charge
of the powder at alkaline pH and consequently the electro-
static repulsion between particles. In addition, the steric in-
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Fig. 4. Zeta potential vs. pH of Al,O3 dlips with different amounts of
NH4PA added: (a) Owt.%, (b) 0.3wt.%.

teraction contributes to the stabilization, thus, the dlip stabi-
lization is electrosteric [9].

3.2. Characterization of green tapes

Figs. 5 and 6 show the tensile strength and the strain
to failure of green tapes, respectively, as a function of the
PVA content for different PVA/Glycerine ratios. The tensile
strength increased with increasing the PVA content from 5
to 7wt.%,; a significant increase in the tensile strength up
to 6 wt.% was found followed by a lesser increase with fur-
ther increasing of the PVA content. However, for each PVA
content, the tensile strength decreased with the decrease in
the PVA/Glycerine ratio and consequently with the increase
in the glycerine content. 5wt.% PVA provided sufficient
strength to the green tape for easy handling and storage.

The strain to failure was not dependent of the PVA con-
tent; the increase in the strain to failure with the decrease
in the PVA/Glycerine ratio for al the PVA contents indi-
cated that the flexibility of green tapes was enhanced by the
glycerine additions (Fig. 6). The greater flexibility of the
tapes was obtained with the 1PVA/Glycerine ratio. There-
fore, glycerine additions improved the flexibility but also
produced a significant decrease in the tape strength.

Fig. 7 shows the amount of water adsorbed on the dried
tape as a function of the glycerine content. Fig. 8 shows the
drying shrinkage in the thickness direction versus the PVA
content for different PVA/Glycerine ratios. A linear corre-
lation between the amount of water adsorbed and the glyc-
erine content was found (Fig. 7). As the glycerine content
increased higher amounts of water were present in the dried
tapes. This was attributed to the hydration of the glycerine.
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Fig. 5. Tensile strength of green tapes as a function of the PVA content for different PVA/Glycerine rétios.

The drying shrinkage increased from 50 to 57% of the
blade opening when the PVA/Glycerineratio increased from
1 to 1.5 for al the PVA contents (Fig. 8). Thus, a lower
drying shrinkage was found for the compositionswith higher
glycerine content (PVA/Glycerine = 1) as a consequence
of the hydration of glycerine. Therefore, for a given PVA
content, glycerine additions enhanced the flexibility of the
tapes but also produced a decrease in the drying shrinkage
and in the tape strength.

Fig. 9 shows the green density of the tapes versus the
solid content. A linear correlation between the green den-
sity and the solid content was found. The solid content must

be as high as possible in order to achieve the higher green
density. The slip compositions 5wt.% PVA-5wt.% glycer-
ine and 5wt.% PVA-3.3wt.% glycerine which had a solid
content of 55.7 and 56.2wt.% (Table 1), respectively, re-
sulted in the highest green density values, 60.7 and 61.7%
of theoretical density, respectively. On the contrary, for the
slip compositions 7 wt.% PVA-7 wt.% glycerine and 7 wt.%
PVA—4.7wt.% glycerine which had a solid content of 51.5
and 52.1 (Table 1), respectively, green density values of
52.1 and 53.2% of theoretical density, respectively, were
found. Thus, the increase in the PVA content from 5 to
7wt.% produced a markedly decrease in the solid content

5.0 -———" n
494 —=— PVA/Glyc.=1
—e— PVA/Glyc.=1.25
4.8 - —a&— PVA/Glyc.=1.5
S
O 47
= b . .
3
fe) 4.6 -
[
B
b 4.5 4
4.4
434 N A a
I 1 ! 1
5 6 7
PVA content (wt%)

Fig. 6. Strain to failure of green tapes as a function of the PVA content for different PVA/Glycerine ratios.
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Fig. 7. Amount of water adsorbed on the dried tape as a function of the glycerine content.

and consequently in the green density of the tapes. It has
aso shown (Table 1, Fig. 9) that for a constant PVA con-
tent the increase in the amount of glycerine added resulted
in a dightly decrease in the solid content and thereby in
the tape green density. Therefore, green tapes with sufficient
strength and high green density could be obtained from the
dlip compositions with 5wt.% PVA.

Fig. 10a shows the cumulative micropore volume by mass
unit versus pore radius curves of green tapes with two dif-
ferent green density values. Fig. 10b is a representation of
the micropore sizedistribution asdV/dlogr (differential pore

57 4

A~ a

volume) versus pore radius. Tapes with green density val-
ues of 52.1 and 60.7% of theoretical density were obtained
from dip compositions having a solid content of 51.5 and
55.7wt.%, respectively (Fig. 9). As the green density in-
creased from 52.1 to 60.7% of theoretical density the total
micropore volume of the tapes decreased (Fig. 10a). This
reduction of the total micropore volume produced the in-
crease in the green density of cast samples. Both samples
had a similar narrow micropore size distribution with pore
radius between 0.037 and 3 wm and the most frequent pore
radius was 0.057 pm (Fig. 10b).

A
56+ —=— PVA/Glyc.=1
1 —e— PVA/Glyc.=1.25
< 554 —A— PVA/Glyc.=1.5
S
g 54
E [ ° L)
'5) 53 4
()]
£
S 52
51
50 T T .
5 6 7
PVA content (Wt%)

Fig. 8. Drying shrinkage vs. the PVA content for different PVA/Glycerine ratios.
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Fig. 9. Green density of the tapes vs. the solid content.

3.3. Characterization of sintered tapes

Fig. 11 shows the linear sintering shrinkage as a function
of the green density of cast tapes. The increase in the green
density of the tapes reduced the sintering shrinkage. The
decrease in the sintering shrinkage reduces warping and en-
hances dimensional control [2]. The high solid content in the
slip results in cast tapes with high green density for materi-
als that are properly processed by the doctor-blade method.
Consequently, the method has the distinct advantage of pro-

viding close control of dimensional tolerances during firing
of large, thin sheets compared to similar parts prepared by
other forming processes [2].

The tapes with green density values of 52.1 and 53.2%
of theoretical density, obtained from the slip compositions
with 7wt.% PVA, showed a linear sintering shrinkage of
17.3 and 16.9%, respectively. While for the tapes with green
density values of 60.7 and 61.7% of theoretical density, pre-
pared from the dip compositions with 5wt.% PVA, a lin-
ear sintering shrinkage of 14.5 and 14.2%, respectively, was

300
250 - _
—a— 52.1% theoretical
—eo— 60.7% theoretical
S 200
E
=
o 1504
€
2 .
g
o 100 s
£ |
50
o K‘"’"““ B
— ——rry shfaa 2 350 e
0.01 0.1 1
(a) Pore radius (um)

Fig. 10. (a) Cumulative micropore volume by mass unit vs. pore radius curves of green tapes with two different green density values. (b) Micropore size

distribution curves of green tapes with two different green density values.



1600-
1400-
1200—-
1000-

800 ]

600

dV/d Log r (mm%g A)

400 +

200 =%

0.01

M.P. Albano, L.B. Garrido/Ceramics International 31 (2005) 57-66

—u— 52.1% theoretical
—e— 60.7% theoretical

0.1 1

Pore radius (um)

Fig. 10. (Continued.

found. Thus, a higher green density decreased the sintering
shrinkage providing close dimensional control.

Fig. 12 showsthe sintered density versusthe green density
of cast tapes. An important increase in the sintered density
up to a green density value of 56.3% was found followed
by alesser increase with further increasing of green density.
This behavior could be explained since in the tapes with
higher green density values (>56.3%) less pore-solid inter-
face reduced the excess surface area and decreased the den-
sification rate by lowering the driving force for sintering.

The better sintering results were obtained with the cast
tapes prepared from the dip compositions with 5wt.%

17.5-
17.0- \.
16.5—-
16.0-
15.5-

15.0 4

Sintering shrinkage (%)

14.5 S

14.0 4

PVA which had higher green density values. For the tapes
obtained from the slip composition with 5wt.% PVA and
PVA/Glycerine ratios of 1 and 1.5, sintered density val-
ues of 97.8 and 98.8% of theoretical density, respectively,
were found. The lowest sintered density values, 87 and
88.6% of theoretical density, were obtained for the tapes
prepared from the dlip compositions with 7wt.% PVA and
PVA/Glycerine ratios of 1 and 1.5, respectively. Thus, tapes
with higher green density values resulted in higher sintered
density and lower sintering shrinkage.

The results showed that the compositions with 5wt.%
PVA produced green tapes with sufficient tensile strength

52 54

56

58 60 62

Green density (% theoretical)

Fig. 11. Linear sintering shrinkage as a function of the green density of cast tapes.
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Fig. 12. Sintered density vs. the green density of cast tapes.

for handling and storage. They had the highest green and
sintered density and the lower sintering shrinkage. This pro-
vided close control of dimensional tolerances during firing.
The cast tapes prepared from the slip composition 5wt.%
PVA-5wt.% glycerine had a greater flexibility. Therefore,
this composition was adequate for the production of Al,O3
tapes by the doctor-blade method in the PVA—glycerine sys-
tem.

Slips with higher PVA contents (>5wt.%) increased the
tape tensile strength but produced amarkedly decreasein the
green and sintered density; the higher sintering shrinkage
did not permit a close dimensional control.

Fig. 13a shows a micrograph of the green tape obtained
from the dlip composition 5wt.% PVA-5wt.% glycerine
(green density = 60.7% of theoretical density); Fig. 13b
shows a micrograph of the tape after sintering at 1550°C
(sintered density = 97.8% of theoretical density). A fine mi-
crostructure with extremely small pores distributed homoge-
neously was found in the green body (Fig. 13a). Under this
condition this body might sinter to full density. The presence
of very small pores was in accordance with the porosime-
try results (Fig. 10a and b). It can be seen that a high and
uniformly green density was achieved by the tape-casting
process.

Densification and grain growth could be observed in the
sintered tape (Fig. 13b). The little porosity existed as closed
pores located on the grain boundaries. It has been generally
accepted that two atomic transport processes may operate
simultaneously during sintering of crystalline solids [11].
These are:

(a) surface-to-surface transport which brings about
growth of some crystallites at the expense of others;
manifested by the coarsening of the microstructure.

Fig. 13. SEM micrographs of tapes obtained from the slip composition
5wt.% PVA-5wt.% glycerine: (a) green tape (green density = 60.7%
of theoretical density), (b) sintered tape (sintered density = 97.8% of
theoretical density).
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(b) grain boundary-to-surface transport which results in
densification and is manifested by simultaneous sur-
face area and pore volume reduction.

Thus, amarkedly decrease in the porosity with some grain
growth accompanying the densification were found in the
sintered tape.

4. Conclusions

PVA and glycerine did not affect the dispersion properties
of the Al,03 powder which were governed by the adsorbed
NH4PA providing an electrosteric stabilization.

The tensile strength increased with increasing the PVA
content from 5 to 7wt.%. However, 5wt.% PVA conferred
sufficient strength to the green tape for easy handling and
storage.

For a given PVA content, glycerine additions enhanced
the flexibility of the green tapes but also produced a decrease
in the tape strength and in the drying shrinkage.

The increase in the PVA content from 5 to 7wt.% pro-
duced a decrease in the green density of the tapes as a con-
sequence of the decrease in the solid content of the dlips.
For a constant PVA content, the increase in the amount of
glycerine added resulted in a dightly decrease in the solid
content and thereby in the tape green density.

The dlip composition with 5wt.% PVA produced green
tapes with sufficient tensile strength which had the highest
green and sintered density and the lower sintering shrinkage.
Since a greater amount of glycerine enhanced the flexihility,
the slip composition 5wt.% PVA-5wt.% glycerine was ade-
guate for the production of Al>O3 tapes by the doctor-blade
method. From this slip composition tapes with high and uni-

formly green density could be obtained which densified to
a high density after sintering.

References

[1] E.P. Hyatt, Making thin, flat ceramics—a review, Ceram. Bull. 65 (4)
(1986) 637-638.

[2] J.C. Williams, Doctor-blade process, in: F.FY. Wang (Ed.), Treatise
on Materials Science and Technology, vol. 9, New York, 1976, pp.
173-198.

[3] N.R. Gurak, PL. Josty, R.J. Thompson, Properties and uses of syn-
thetic emulsion polymers as binders in advanced ceramics process-
ing, Am. Ceram. Soc. Bull. 66 (10) (1987) 1495-1497.

[4] C. Pagnoux, T. Chartier, M.deF. Granja, F. Doreau, J.M. Ferreira,
J.F. Baumard, Aqueous suspensions for tape-casting based on acrylic
binders, J. Eur. Ceram. Soc. 18 (1998) 241-247.

[5] R. Moreno, The role of slip additives in tape-casting technology. Part
|. Solvents and dispersants, Am. Ceram. Soc. Bull. 71 (10) (1992)
1521-1531.

[6] R. Moreno, The role of dlip additives in tape-casting technology. Part
I1. Binders and plasticizers, Am. Ceram. Soc. Bull. 71 (11) (1992)
1647-1657.

[7] D. Hotza, P. Greil, Review: agueous tape-casting of ceramic powders,
Mater. Sci. Eng. A 202 (1995) 206-217.

[8] PA. Smith, R.A. Haber, Effect of particle packing on the filtration and
rheology behavior of extended size distribution alumina suspensions,
J. Am. Ceram. Soc. 78 (7) (1995) 1737-1744.

[9] J. Cesarano I, I.A. Aksay, A. Bleier, Stability of agueous a-Al2O3
suspensions with poly (methacrylic acid) polyelectrolyte, J. Am.
Ceram. Soc. 71 (4) (1988) 250-255.

[10] M.P. Albano, L.B. Garrido, Rheological properties of SizNa, pseu-
doboehmite and bayerite coated SizN4 suspensions with ammonium
polyacrylate dispersant, Coll. Surf. A 203 (2002) 117-128.

[11] JE. Burke, K.W. Lay, S. Prochazka, The mobility of grain boundaries
an pores in auminum oxides, in: G.C. Kuczynski (Ed.), Sintering
Processes, Material Science Research, vol. 13, Notre Dame, IN,
1979, pp. 417-425.



	Influence of the slip composition on the properties of tape-cast alumina substrates
	Introduction
	Experimental procedure
	Materials
	Zeta potential determinations
	Slip preparation
	De-airing
	Rheological measurements
	Tape-casting
	Characterization of green tapes
	Sintering
	Characterization of sintered tapes

	Results and discussion
	Rheological properties
	Characterization of green tapes
	Characterization of sintered tapes

	Conclusions
	References


