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ABSTRACT

The porous y -AlIOOH powders were obtained by the hydrolysis of aluminum isopropoxide in
the alkaline (Cg-g) solutions. The disperse @ -Al,Q; powders, with the mean diameter of 70 nm
and apparent density of 0. 14g/cm?®, were obtained by the calcination of said y -AIOOH powders
at suitable temperature. The thermal behavior and changes in powder morphology of AIOOH dur-

ing the calcination process were also discussed.
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1 INTRODUCTION

Alumina ceramic has been extensively used as
structural, biological and optical materials, based
on its intrinsic properties such as wear, corrosion,
oxidation and high temperature resistances. Howev-
er, its application was restricted by its inferior brit-
tleness at room temperature and its susceptibility to
thermal shock. The way to overcome this disadvan-
tage is preparation of nanocrystal ceramic!'’,
which needs namometer size alumina powders as
raw materials.

The method for preparing namometer size alu-
mina powders, such as gas- phase methods of
MOCVD , electric- arc evaporation , electric- arc
method,
with thermal decomposition and supercritical solu-
tions, are feasible. Among all the above methods

plasma, solid-phase solution- methods

for preparing ultra-high-purity alumina powders ex-
cept for MOCVD, hydrolysis or sol-gel process, a-
luminum alkoxides are used as precursor since it is
easy to be purified. Unfortunately, the average di-
ameter of alumina powders prepared by these pro-
cesst?~%, is more than 0. 2 um. Using the sol-gel
method and aluminum ethoxide as precursor, the
authors of this article have obtained disperse spheri-
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cal v - and « -Al,O3; powders with mean particle size
of 40 and 100nm, respectively. The aim of this re-
search is to prepare ultrafine alumina powders us-
ing aluminum isopropoxide through hydrolysis and
calcination process.

2 RAW MATERIALS

Aluminum isopropoxide used is a chemical
reagent grade (Shanghai, No. 1 Chemical Reagent
Factory) with a content of 24. 7%, which was pu-
rified before use. Water used in hydrolysis process
was double distilled. Solvent with analysis reagent
grade, which is used to dilute aluminum alkoxide,
is the linear chain alkaline with carbon number of
6~9. In addition, the reagent A was also used.

3 EXPERIMENTAL PROCEDURE AND
TEST METHOD

Before hydrolysis of aluminum isopropoxide in
a proper way, it was mixed with linear chain alka-
line solutions, the alkoxide concentration being
0. 12~0. 2mol/l. The water tempreature was kept
in the range of 70~ 80 C during hydrolysis pro-
cess. The upper solvent were decanted and recov-
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ered after hydrolysis. The addition of small amount
of reagent A into the under solvent is necessary be-
fore recovery of precipitate. The as- prepared pre-
cipitate was changed into the loose aluminum hy-
droxide powders after keeping at 80 C under vacu-
um for 8 h.

The thermal behavior of aluminum hydroxide
in calcination process was tested by Dupont 9900
thermal analyzer at a heating rate of 15 C/min.
Powder morphology and size were determined by
H-600 transmission electronic microscopy. The
crystalline structure of powders was tested by X-
ray diffraction. The apparent density of powders
was tested by the funnel method, whose hole diame-
ter is 2. 5mm.

4 RESULTS AND DISCUSSION

4.1  Determinatwn of powder crystalline struc-
ture and Thermal Analysis

X-ray diffraction patterns of aluminum hy-
droxide and calcined powders at different condi-
tions are shown in Fig. 1. In Fig. 1, (a) is corre-
sponding to y -AIOOH; (b) demonstrated that y -
AIOOH could change into y -Al,O; at 500 C com-
pletely; (c¢) is the X-ray patterns of powders cal-
cined at 800 ‘C for 3h, which still showed that the
powder remains to be y-Al,Q;; (d) showed that
the y -Al,O; powders were partially transformed in-
to 8 - Al,O; after the powders were calcined at
900 C for 3h; (e) is obtained after calcination at
1 200 C for 1 h, which showed that transition
phase of alumina transformed into « - Al.O; com-
pletely.

The curve of weight loss corresponding to tem-
perature during the heating process of y - AIOOH
powder shown in Fig. 2. The total weight loss is
about 32.92% and is 2. 92% more than the theo-
retical dehydration value of aluminum hydroxide.

Fig. 3 is DTA curve of y -AIOOH powders, in
which an endothermic peak at 100 C is linked to
the departure of the adsorbed water. An indistinct
endothermic peak near to 400 ‘C may correspond to
the dehydration of y -AIOOH through condensation
A sharp en-

reaction and formation of y - Al,Os;.
dothermic peak at 985. 46 'C might relate to the a-

lumina crystalline transfornation. A sharp exother-
mic peak at 1193. 55 'C corresponds to the transfor-
mation of intermediate phase into a -Al,Q;. This is
consistent with the a - Al,O; formation temperature
shown in Fig. 1.

4.2  Varation of AIOOH powder Morphology
After Calcinatin under IDif ferent Condi-
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The TEM morphologies of as-prepared and cal-
cined powders under different conditions are shown
in Fig. 4. In Fig. 4, (a) is the morphology of y -
AIOOH powders with porous appearance; (b) and
{c¢) show that y -Al,0; powders take the shape of
dendritic crystalline with a mean length less than
70 nm and a width about 10nm ; (d) is the mor-
phology of a -Al,Os with particle size of 70 nm in
which the amount of dendritic powders is reduced
and spheroidization occured partially.

4.3 Change Mechanism of Puwder Morphology

Single porous y - AIOOH powders could be in-
duced to occur the dehydration condensation reac
tion and bring out several y -Al,O; nuclei in the ma-
trices at a suitable temperature. There is a non-co-
herent boundary between the nuclei and matrices.
The non-coherent bounday is in a tensile state on
account of their difference of thermal expansion co
efficient. The atom of y- Al,O; formed from y -
AIOOH could depart from matrices and arrange in
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the direction of closest- packed direction {110) at
the closest-packed face {111} of y-Al;O; lattice.
So the {111} face becomes superior growing face,
the(110) direction becomes superior growing direc-
tion, and y -Al,Oj3 crystalline become dentrite final-
ly. Certainly, the growth of dendrite is not unlimit-
ed. When the boundary being in a tensile state
couldn’t sustain the connection between p - Al;O;

crystalline and matrices, several y - AlLO; erys-
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tallines will be free from matrices. This is the rea-
son why the dendritic y -Al,O; powders is more dis-
perse than the porous y -AIOOH powders.

When the calcinatiion temperature is up to
1200 C, the atom of alumina intermediate phase
being activated by heating, could rearrange into y -
Al;O; lattice in order to reduce the lattice energy.
On the other hand, the rearrangement of atom and
a tendercy to cut down the surface energy of pow-
der, could urge the dendrite to shrink into spherical
powders. That the spheroidization of ultrafine pow-
ders means the accelerating growth of powders, is
one of difficulties for preparing ultrafine o - Al;O;
powder. There is a tendency for powders in Fig. 4
(d) to spheroidize, but this tendency is not so dis-
tinct because the amount of reagent A added was
controlled suitably. So the spheroidization of Al,O;
powders could be controlled by the amount of
reagent A added. This is significant for preparation
As for the
mechanism of reagent A in the spheroidization, it

of nanocrystalline alumina ceramic.
needs to be studied extensively.
4.4  Determination of Apparent Density

The apparent density of powder obtained un-
der different test conditions and percentage of ap-
parent density to theoretical density were mea-
sured, as shown in Table 1. (The theoretical densi-
ty of y-and « -Al,O; are 3.5 and 4.0 g/cm® re-
spectively ).

Table 1
powders prepared under different test conditions

Apparent density of alumina

test condition

600 C',3h 800 C,3h 1200 C,3h

apparent density 0. 08641 0. 0923 0. 1144 4

percentage to 9. 47 2. 64 3.6
theoretical density , % - ' '

5 CONCLUSIONS

(1) The porous v - AIOOH powders were ob-
tained by hydrolysis of aluminum isopropoxide.

(2) After calcination of y -AIOOH powders,
disperse dendritic y - Al,O; powders with mean
length less than 70 nm and width about 10 nm were
produced. The apparent dersity of y- Al,O; at
600 'C and 800 C were 0. 086 and 0. 092g/cm®,
respectively.

(3) y- Al,O; powders transformed into a -
AlL,O; with mean particle size of 70 nm and appa-
rent density about 0. 14g/cm?® after calcination at 1
200 C for 1h.
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imply the non-linear characteristics of these chemi-
cal processes. Both the decomposition and car-
bonization involve complex anionic polymerization
process with autocatalytic amplification mecha-
nism. In the mixing and dilution process, the local
instantaneous composition of solution is different.

After autocatalytic amplification, these very small
difference may induce the non- reproducibility of
the reaction kinetics.
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