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a-Alumina and boehmite particles were synthesized by co-
precipitation followed by a hydrothermal treatment. X-ray
diffraction (XRD) indicated that «-Al,O; was the major
phase and coexisted with 4% of boehmite in the presence of
the a-Al,O5 seeds. On the other hand, a single boehmite
phase was obtained in the absence of tha-Al,O; seed
particles. The powder densified in the temperature range
from 1050° to 1350°C. High-resolution transmission elec-
tron microscopy (HRTEM) showed that the particle size of
the synthesizeda-Al ,O; was 60 nm. The surface area was
245 nv/g.

transition. Previously, seeding has not been applied to hydro-
thermal synthesis to obtaia-alumina and boehmite at low
temperature.

In the present work, a surfactant mixture (solution of Tween-
80 andp-alanine) was used (as a surface modifier) during the
synthesis of molecular precursor by coprecipitation. The hy-
drothermal method was utilized to crystallize the materials at a
lower temperature. This work also demonstrates the effective-
ness of seeding in directing the crystallization of the desired
phase.

Il. Experimental Procedure

I Introduction A precursor solution was prepared by dissolving a known

amount (0.1 mol) of AIC}5H,0 in 50 mL of water and stirred
Qlin a wide range of applications, including high-strength for 2 h. Modifier solution was prepared by dissolving 10 wt%
materials, in electronics and cataly$t3.Powders with crys-  of surfactant (0.06 g of Tween-80 (polyoxyethylene(20) sorbi-
tallite sizes in the range of submicrometer/nanoscale are oftate) and3-alanine, each) with respect to A& in 50 mL of an
fundamental interest as well as for applied research. Hydro- agueous ammonium hydroxide solution (pH > 10) and stirred
thermal synthesis is an attractive method for the preparation offor 1 h at room temperature. The precursor solution was then
crystalline ceramic oxide powders and has been used for ob-added to the surfactant solution (10 drops/min) with vigorous
taining fine powder$:7 The objective of the present work was  stirring continuously for 30 min which converted into a com-
to obtain anx-alumina powder in the submicrometer/nanoscale plete gel; 4 wt% ofa-Al,O5" particles were added to the co-
at a temperature much lower than the traditional method. To precipitated gel for seeding. The gel was then subjected to
achieve the goal two approaches have been adopted: (1) use olydrothermal treatment which was carried out at 190°C for 1 h
surfactant (mixture of Tween-80 (polyoxyethylene(20) sorbi- in a 300 cn? stainless steel autoclave lined with Teflon

-ALUMINA is one of the highly refractory oxides and is used

tate) and3-alanine) during the coprecipitation of precursors in
high-alkaline medium (pH > 10) and (2) use of seedsxef
alumina with the coprecipitated gel which is subjected to hy-
drothermal process.

One approach is to modify the surface of growing particles

(Berghof GmbH, Labortechnik, DAH904, Germany). The pres-
sure inside the autoclave was the autogenous water vapor pres-
sure. Because the oxyhydroxide and hydroxide of alumina are
soluble in acids, the powder obtained in the presence of the
seed was kept in 20% acetic acid solution for 30 min. Both

during the precipitation process in a way that the growth reac- powders were dried in the oven at 60°C for 24 h. The bulk
tion can take place but a “growing together” is prevented. The density of the material was measured using a densitometer
surface free energy of these particulates can be reduced to affAccu Pyc 1330). The infrared spectra of the samples were
appropriate level by using a surface-active compound (so- recorded on a Fourier-transformation infrared spectrometer
called “surface modifier”) which interacts with the generated (Bruker, IFS 25). Thermal analysis was carried out on Bahar
particle surface. This technique has been explained earlier bythermoanalyzer (STA 501) in air from 25° to 1200°C. The
Pramodet al. for synthesizing Eu-doped yttria powder. crystalline phase was determined by powder X-ray diffraction

The concept of seeding in order to enhance the kinetics and(XRD) on a D-500 Siemens powder diffractometer. By using
to control the development of a desired phase has been widelythe BET (Brunauer—-Emmett-Teller) method, surface area, pore
practiced in the synthesis of ceramics by different chemical volume, and pore size were measured for the sample with a
solution route$-1 Messing and co-workers have demon- minimum of five points (Micrometrics, ASAP 2400). Before
strated the controlled transformation and sintering of boehmite the surface area measurements, the powders were degassed
prepared by sol-gel in the presencecefilumina seeding? with a pressure of 20 mtorr at 150°C. A circular pellet of 5 mm
Dynys and Halloran added the equivalent of 0.4 wt% MgO, diameter and 2.28 mm thickness was formed by uniaxial press-
Cr,0;, and FgO; via water-soluble salts to aluminusec- ing. Sintering of the powder compacts was performed in air in
butoxide (AI(OGH,),) derived boehmité® They showed that  a dilatometer heated at 10°C/min to 1600°C (Linses, L75/50).
the FgO, enhanced the transformation in kinetics to obtain The particle size distribution of the powders was measured by
a-Al,O; while MgO and CyO, additions had no effect in  dynamic light scattering (Malvern 4700).

The boehmite was obtained for the unseeded powder after
the hydrothermal treatment (Fig. 1(a)) whereasl,O5; with
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4% boehmite formed when the powder was seeded as shown in
Fig. 1(b). However, this powder was kept in 20% acetic acid
solution in water for 30 min for removal of any trace of
boehmite. It was observed that the weak peak due to boehmite ¢
disappeared when this powder was annealed at 950°C for 30%
min (Fig. 1(c)). The calculated crystallite sizes of thé\l,0,4 3
in the seeded (113) and the boehmite (041) in the unseeded &
powders were 68 and 91 nm, respectivEly.

Figure 2 shows the TG and DTA traces of the seeded pow-
der. This sample exhibited three weight loss steps initiating at
60°, 130°, and 200°C. The TG trace shows only a small mass =
change between 420° and 550°C. There was no further weight
loss measured above 550°C. The first weight loss is attributed
to surface-adsorbed water. The second weight loss is presum-
ably due to dehydration of more strongly chemisorbed water.
These first and second weight loss steps were accompanied by

Intensity(a
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T T T T T
two endothermic peaks at 70° and 150°C, respectitely.the 200 400 600 800 1000
third weight loss step, one exothermic DTA peak was observed Temperature(°C)
at 320°C. This exothermic peak could be attributed to burning
of organic matter, e.g., organic modifier and adsorbed acetic Fig. 2. TG and DTA traces of seeded powder.

acid® The weak exothermic peak at 930°C is attributed to the
conversion of remaining boehmite t6Al ,0,.° The transfor-
mation at lower temperature is not surprising, because the seed-
ing of alumina gels withw-Al ,O4 particles is known to enhance
the transformation kinetics and lower the transformation
temperaturé:*2:15.16

Figure 3 shows the FTIR spectra of the powders. Figure 3(a)
shows a broad peak at 3385 thwhich is due to OH stretching
and can be attributed to M—OH stretchitfgThe peaks at 1355
and 1450 cmt® are due to C=C and C-C stretching bands. The
peaks at 1530 and 1420 chare the stretching and bending of
C-0 bonds, respectively. The humps at around 2900 @re
due to C-H stretching These spectra show the major con-
stituents of the Tween-80 artalanine. The intensity of these
peaks decreased in the seeded powder as shown in Fig. 3(b). |
is attributed to the dissolution by the acetic acid wash. The two
bands at 1700 and 1255 chare assigned to the,g,{COO)
and v, {(COO) vibrations of acetic acid, respectivék/® 710894 pemding T 3400 ALOH
There%re the powder after washing consisted of alumina with L . L L L
acetate ions on the surface. The peak at 2361'é¢mall the 1200 1800 2400 3000 3600
spectra could not be assigned. FTIR of a seeded powder Wave number (cm™)
showed a peak at 3385 cfrwhich was found to be extremely
weak and can be attributed either to surface-adsorbed water oiFig. 3. FTIR spectra of powder after hydrothermal treatment in (a)
to OH groups due to the existence of trace AIOOH. Finally, absence, (b) presence of seed, and (c) seeded powder after heating at
peaks at 750 to 1000 crhcan be assigned to Al-O vibrational 950 C.
modes!* The FTIR of the seeded powder after heat treatment
at 950°C is shown in Fig. 3(c). The peaks assigned to C=C, C-C, C-H, C-0, and acetate bonds have disappeared presum-
ably because of the elimination of organic mat&fhe DTA
trace also indicates the elimination of organics at >350°C.

Our dilatometry of the seeded alumina powder reveals that
the relative shrinkage begins at 1050°C. The density of the
pellet was 3.85 g/cm(96% theoretical density) at 1350°C.
Increasing the temperature (>1400°C) has no significant effect
on the density.

The patrticle size of the seeded and the heat-treated powder
was determined by dynamic light scattering. The dynamic light
scattering study indicates a narrow size distribution in both
samples. The narrow size distribution is a result of the influ-
ence of a modifier on the particle growth during the process-
ing of powders. The role and mechanism of a modifier in
obtaining the powder in submicrometer/nanoscale have been
described elsewhefeThe maximum diameter of the particles
(© of seeded powders was found to#4@6 nm from our dynamic
light scattering study. This observation is also supported by
HRTEM, which indicates the particle size afAl,O; under
) ! . . . hydrothermal treatment at 190°C to be 60 nm with spherical
20 30 40 50 60 morphology. The surface area of the seeded powder was 245

20 (degrees) m?/g, which decreased to 1352%fg due to enhanced densifi-
cation when the seeded powder was heated at 959*€2°
Fig. 1. X-ray diffraction pattern of powder synthesized in (a) ab- The particle size of seeded powder after heat treatment at
sence, (b) presence of seed, and (c) seeded powder at 950 C. 950°C increased to 111 nm.
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IV. Summary

Hydrothermal treatment was found to be a suitable metho
for crystallization of oxides/oxyhydroxides at lower tempera-
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plays an important role during the course of reaction and pro-
duces a narrow size distribution with small particle sizes of the

order of nanometers.
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