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Finealuminapowders ofsphericalmorphologyand narrow particle-sizedistributionhave been

synthesizedby a techniquethatusesprecipitation/peptization/spraydryingofboehmitesolprepared

from aluminum nitrate.The spray-driedpowder was furtherwashed with solventsofvarying
polarities,suchas acetone,isopropanol,and tert-butanol.Thispost-spray-dryingtreatmentchanged
the powder's particle-sizedistribution,morphology, density,and compaction characteristics.
Microstructure,dielectricproperties,and effectof post-treatmenton the boehmite-sol-derived
aluminapowdersinreducingagglomerationarediscussed.

1. INTRODUCTION
2. EXPERIMENTAL

AI203 is an advanced ceramic material

with wide applications in the structural, Boehmite (Al-O-OH) was precipitated by
electrical, automotive, and electronic fields, addition of ammonium hydroxide to an
The properties of sintered A1203 products aqueous solution of Al(NO3)3 at -90°C.
depend on the purity and particle Details of boehmite preparation have been
characteristics of the starting powders. Many described elsewhere [6,7]. The precipitate was
methods are in practice for preparation and washed free of nitrates and then peptized by
processing to achieve desired properties, addition of HN03. The clear sol thus obtained
Attempts have been made to prepare was aged for 48 h and then concentrated to
alumina powders through a controlled 3 M/L by evaporation on a water bath. The
precipitation/peptization-/decomposition of concentrated sol was then spray dried to
gels, starting from high-purity aluminum spherical microspheres in a Buch mini-spray
salts [1-4]. The precipitation medium was dryer. The spray-dried powder was washed
found to have profound influence on the repeatedly with acetone, isopropanol, or tert-

particle size and surface charge of A1203 butanol. The resulting powders are
powders [5]. This paper discusses the designated as A (as-sprayed), B (acetone-
preparation of micrometer-size spherical washed), C (isopropanol-washed), and D (tert-
Al203 particles by the sol-spray technique, butanol). After calcination at 500°C, the
and the effect of post-treatment on spray-dried powders were heat treated at 1100°C. The
powders with respect to selected properties, spray-dried and calcined powders were



characterized by thermogravimetric analysis 7 ttm. It is significant that the powder washed
(TGA), differential thermal analysis (DTA), with isopropanol (Curve c) shows the
X-ray diffraction (XRD), and scanning _lectron minimum average particle size. Powder C,
microscopy (SEM). Thin sheets (-0.5 mm) which was washed with isopropanol, had a
were fabricated from powder C by tape casting green-body (as-compacted) density of =52% of
and sintered in air at -1600°C. The dielectric theoretical value, compared to =47% for
constant of the sintered tapes was measured Powder A (as-sprayed) when compacted at
as afunction of frequency. 500 MPa. This clearly shows that

agglomerate strength has been considerably
influenced by the washing treatments.

3. RESULTS AND DISCUSSION Further evidence is provided by the surface
morphology of the powders: while Powder A

The XRD pattern of the powder imme- has a wide range of sizes and clusters, Powder
diately after spray drying (Fig. 1, curve a) C has somewhat spherical morphology with
shows the typical partially amorphous less agglomeration and also contains more fine
boehmite structure [2]. XRD analysis of particles.
powder heated at -1100°C exhibited peaks

due only to the alpha-Ai203 phase (curve b, Thin sheets made from Powder C by tape
Fig. 1). The TGA and DTA curves of spray- casting were sintered at =1600°C in air after
dried powders provided in Fig. 2 are similar to careful removal of organics through a low-
those of boehmite derived by the alkoxy route temperature binder-burn-out procedure. The
[2]. There is an initial weight loss of =12% up sheets were sintered to >98% of theoretical

to 150°C due to loss of absorbed moisture, density, and there _#es no warpage or
followed by a major weight loss of-55% deformation. The sintered sample is a-
between 150 and 450°C that is attributed to alumina. A shrinkage of 20 vol.% was
decomposition of the boehmite and the nitrate observed in the tape-cast samples upon
ions. sintering, and average grain size was -3 ttm.

Dielectric constant, measured as a function of
The spray-dried powder consists essen- frequency in the range of 50 to 10 MHz, was

tially of agglomerates of fine (=30 nra) 9.5 at 50 Hz, and as expected, showed a very
crystallites. Maintaining the nanocrystallites small drop with frequency.
as loosely held agglomerates that can deform
easily under compaction is possible through
preferential washing treatments with solvents 4. CONCLUSIONS
having different polarities. The extent of
deagglomeration depends on the intensity of The present work is related to preparation
hydrogen-bonded OH groups on the oxide of A1203 by spray drying of boehmite sol
surface, as well as on the polarity of the obtained by controlled precipitation and
solvents used for washing. The solvents used peptization reaction, starting from an aqueous
in the present study (acetone, isopropanol, and solution of Al(NO3)3. The spray-dried
tert-butanol) have polarities of 3.5-5. The agglomerates contain =30-nm-size crystal-
particle-size distribution of the washed lites, and can be broken up by careful removal
powders is presented in Fig. 3. Acetone of the OH groups through washing with
washing resulted in an increase of both solvents of different polarities. The washed
average and maximum particle sizes up to 4.2 powders have good compaction characteristics.
and 15 ptm, respectively (Curve b), while Fully dense thin sheets of A1203 with average
isopropanol reduced the values to 2.4 and grain size =3 ttm have been obtained. These
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Figure 1. X-ray diffraction patterns of (A) spray-dried powder, and
(B) powder heated at 1100°C for I h.
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Figure 2. TGA and DTA traces of spray-dried boehmite powder.
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Figure 3. Particle-size distribution curves of calcined powders:
(A) a_--spray--dl ied, (B) washed with acetone, (C) washed with
isopropanol, and (D) washed with tert-&utanol.
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