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Abstract: Homogeneous α-Al2O3 platelets were synthesized by introducing AlF3 to alumina precursor. The effects of AlF3 additive 
on the phase transformation and morphology of the prepared α-Al2O3 platelets were investigated. The results show that a single phase 
of α-Al2O3 with an average particle size of 8 μm can be obtained at 900  with 2% AlF℃ 3 additive. The transformation temperature 
decreasing is attributed to introduction of Al3+ vacancy and to the formation of intermediate compound of AlOF, which is considered 
to accelerate the mass transportation from transitional Al2O3 to α-Al2O3. AlF3 concentration and hydrothermal temperature can also 
affect the morphology of α-Al2O3. When hydrothermal temperature is 120 , the morphology of ℃ α-Al2O3 transforms from irregular 
to flat hexangular platelet with increasing AlF3 concentration. As hydrothermal temperature increases, the morphology of α-Al2O3 
with 2% AlF3 additive changes from polyhedron to hexangular platelet and then to vermicular. 
 
Key words: α-Al2O3 platelets; AlF3; hydrothermal treatment; morphology 
                                                                                                             
 
 
1 Introduction 
 

Alumina is one of the most important oxides and 
has been intensively studied over a long period because 
of its widely potential applications in ceramic, glass, 
functional materials, adsorbents, catalysts and catalyst 
supports etc[1−3]. Alumina exists in a number of 
metastable transition phases as well as the 
thermodynamically stable α-Al2O3 or corundum. 

As for the wet chemical methods, it is known that 
almost all those salt-derived aluminum hydroxides 
dehydrate to form γ-Al2O3. The transformation proceeds 
through the following sequence, γ—δ—θ—α[4]. The 
γ-Al2O3 is a metastable defect spinel with the oxygen 
atoms in cubic packing and aluminum in both tetrahedral 
and octahedral coordinations. The δ and θ forms of 
alumina are also metastable defect spinels, making the 
rearrangement process from γ-Al2O3 to θ-Al2O3 of 
relatively low energy[5−7]. However, the transformation 
from θ-Al2O3 to α-Al2O3 involves a significant change in 
the oxygen sublattice from cubic peaking to hexagonal 
close packing and generally requires temperatures above 
1 200 ℃ for complete conversion to the thermodynami- 

cally stable corundum phase. The gained α-Al2O3 with 
hard agglomeration or vermicular morphology makes 
sintering to full density even more difficult due to the 
formation of large pores that are often entrapped within 
grains. 

Thus, lowering the phase transformation 
temperatures is the target for preparing α-Al2O3. Some 
studies have already been carried out on the phase 
transformation of alumina. For example, some papers 
dealt with the mechanisms of phase transformation and 
the transformation mechanism of γ- to α-Al2O3, 
involving the conversion of cubic close packing of 
oxygen ions into stable hexagonal close packing[1,8−9]. 
While others reported the methods for enhancing the 
kinetic rate of phase transformation[10]. It is known that 
the temperatures of γ- to α-Al2O3 transition can be 
influenced by some cation additives. For example, the 
addition of transition metals such as Fe2+, Cr3+ and Ti4+ 
has been reported to accelerate the γ- to α-Al2O3 phase 
transformation, whereas Cs+, Ba2+, La3+, Si4+ additives 
are well known to retard it[11−14]. 

In this work, fluoride aluminum was introduced to 
the alumina precursor synthesized by aluminum alkoxide 
hydrolysis and hydrothermal treatment methods. The 
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effects of AlF3 additive on the phase transformation and 
the morphologies of the prepared α-Al2O3 particles are 
investigated. 
 
2 Experimental 
 

Solution A was prepared by adding aluminum 
isopropoxide to certain content of analytical grade 
isopropanol (A.R., Dalian Inorganic Chemical Co., 
China). Certain amount of AlF3 (C.P., Shanghai Reagent 
Co., China) was added to the mixture solution of 
deionized water and isopropanol to make slurry B. The 
slurry B was dispersed by ultrasonic for 10 min and then 
mixed with solution A at 65  under ℃ rapid stirring and 
refluxing for 2 h. The resulting product was transferred 
into a Teflon-lined stainless autoclave to fill 80% of the 
total volume. The autoclave was sealed and maintained 
at certain temperature for 24 h. The autoclave was then 
allowed to cool naturally to room temperature and a 
white precipitated powder was obtained. The powder 
was filtered and washed several times with absolute 
ethanol and distilled water, and then dried in vacuum at 
60 ℃ for 12 h. Al2O3 particles were obtained by 
annealing the as-synthesized powders in air at different 
temperatures for 3 h. 

The crystal structure of the product was examined 
by X-ray diffraction (XRD, Cu Kα radiation, D/max-rB, 
Japan). An overview of the sample morphology was 
checked with a scanning electron microscope (SEM, 
JSM-6700F, JEOL, Japan). 
 
3 Results and discussion 
 
3.1 Phase transformation of Al2O3 

Fig.1 shows the XRD patterns of the gained 
powders from the precursor without additive after 
 

 
Fig.1 XRD patterns of calcined powders from precursor 
without additive 

hydrothermal treatment at 120  and ℃ calcination at 
different temperatures. Diffraction peaks corresponding 
to γ-Al2O3, δ-Al2O3 and θ-Al2O3 are found for the sample 
calcined at 900 ℃. No significant change in the structure 
is found after calcination at temperature up to 1 000 ℃. 
The amount of α-Al2O3 increases drastically when the 
calcination temperature increases up to 1 100 .℃  
However, a small amount of θ-Al2O3 remains. 

Fig.2 shows the XRD patterns of the gained 
powders from precursor with 2% AlF3 additive after 
hydrothermal treatment at 120  for 24℃  h and 
calcination from 550 to 1 200 ℃. It can be seen that γ- 
Al2O3 forms for the sample calcined at 550  and ℃

800 ℃. The phase transformation of γ-Al2O3 to α-Al2O3 
is completed at 900 ℃ and no significant change is 
found after the calcination at temperature up to 1 200 .℃  
 

 

Fig.2 XRD patterns of Al2O3 precursor with AlF3 calcined at 
different temperatures 
 

Generally, the transformation from metastable 
transition phases to α-Al2O3 involves a significant 
change in the oxygen sublattice and usually a 
temperature above 1 200  ℃ is required for complete 
conversion to the thermodynamically stable corundum 
phase. It can be seen from Fig.2 that the addition of AlF3 
can enhance the kinetic rate of the phase transformation 
form γ-Al2O3 to α-Al2O3 and reduce the transformation 
temperature of α-Al2O3 phase. During the heat treatment, 
the existence of AlF3 destroys the well-regulated atomic 
packing configuration and introduces Al3+ vacancy. 
When AlF3 is introduced to alumina precursor, two 
defect reactions may take place as follows:  

AlAlO
OAl

3 VAlF3AlF 32 ′′′++⎯⎯ →⎯ •                 (1) 

F3F32Al2AlF OAl
OAl

3
32 ′++⎯⎯ →⎯ •                (2) 

 
The vacancies and interstitial atoms can be formed 
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through these reactions. There are no significant 
distinctions between F− radius and O2− radius, so F− can 
not take interstitial sites. Comparatively, the formation 
energy of vacancy is lower than that of interstitial atoms. 
Thus, the defect can give priority to Al3+ vacancies. Al3+ 
vacancies accelerate Al3+ diffusion and reduce the 
transformation temperature of γ-Al2O3 to α-Al2O3. 

In addition, some intermediate compounds can be 
formed in the case of the phase transformation. They can 
also accelerate the mass transportation from transitional 
phase to α-Al2O3. It is known that γ-Al2O3 is highly 
active and has large surface area. Thus, it is strongly 
hygroscopic to adsorb H2O in the air. During the heat 
treatment, AlF3 can take the following reversible reaction 
with H2O adsorbed[15]: 
 
2AlF3+3H2O Al2O3+6HF                   (3) 
 

And the positive reaction may be performed through 
the secondary reactions as follows. 

1) The gaseous intermediate compound, AlOF, can 
be synthesized by the following reaction. 
 
AlF3+H2O=AlOF+2HF                       (4) 
 

The gaseous intermediate compound, AlOF, can 
play the role of gas transmission and accelerate atomic 
transference velocity to enhance the phase 

transformation. In this work, although it is quite difficult 
to define the composition of the intermediate compound, 
it can ultimately transform into alumina: 
 
3AlOF=Al2O3+AlF3                                  (5) 
2AlOF+H2O=Al2O3+2HF                     (6) 
 

2) The intermediate compound, Al2O, can be 
synthesized as: 
 
2AlF3+3H2O=Al2O+6HF+O2                        (7) 
 

Finally, Al2O takes part in the following reactions 
and transforms into alumina: 
 
3Al2O=Al2O3+4Al                          (8) 
Al2O+2H2O=Al2O3+2H2                      (9) 
 

Similarly, the intermediate compound, Al2O, can 
enhance the phase transformation by accelerating atomic 
transference velocity. 
 
3.2 Morphology of α-Al2O3 

The morphologies of the gained powders from 
precursor with 2% AlF3 additive after hydrothermal 
treatment at 120  for 24℃  h and calcination from 800 to 
1 200  were℃  examined by SEM. Fig.3 shows the SEM 
micrographs of the obtained products. The microstruc- 
ture of the sample calcined at 800  is floccule and th℃ e  

 

 
Fig.3 SEM micrographs of samples treated at different temperatures: (a) 800 ℃; (b) 900 ℃; (c) 1 000 ℃; (d) 1 200 ℃ 
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full-grown crystal is not seen. The alpha phase does not 
appear, which is convinced by XRD pattern at 800  ℃ as 
shown in Fig.2. When the calcinating temperature is 
raised to 900, 1 000 and 1 200 ℃, respectively, the 
morphologies of those particles are plate-like and there is 
no remarkable change in particle size. It is shown that 
once alpha phase is obtained, the effects of temperature 
on morphology and size are rather feeble. 

Fig.4 shows the SEM micrographs of the gained 
α-Al2O3 powders from precursors with different AlF3 
concentration calcined at 1 200 . It can be seen that℃  
 

 
Fig.4 Effect of AlF3 concentration on morphology of α-Al2O3: 
(a) 2%AlF3; (b) 10%AlF3; (c) 20%AlF3 

α-Al2O3 passes through the morphology transformation 
of irregular platelet to flat hexangular platelet as AlF3 
concentration is increased. 

α-Al2O3 belongs to rhombohedral crystal system 
and the space group is .3cR  The existence of AlF3 
additive causes different growth rate along the respective 
crystal axis and finally has effects on the morphology of 
α-Al2O3. In view of crystal growth, the microstructure is 
determined by crystal growth rate. The crystal plane with 
larger growth rate will gradually disappear and while the 
crystal plane with smaller growth rate will be  
maintained. The shape of the crystal plane is relevant to 
the crystal plane with larger growth rate. The unsaturated 
surface tension existed on the surface of solid can adsorb 
AlF3 around. And the adsorption capacity varies with the 
anisotropic surface tension. Usually, the surface tension 
of crystal plane with close-packed atom is smaller. In 
α-Al2O3 unit cell, (0001) and its symmetrical crystal 
plane takes with close-packed atom. They have weaker 
capacity to adsorb gaseous molecule and accordingly 
there are less atoms transferred by gas transmission, thus 
(0001) and its symmetrical crystal plane are maintained 
because of the lower growth rate along the crystal axis. 
Generally, the crystal planes with lower growth rate have 
more perfect crystal structure, so (0001) and its 
symmetrical crystal plane are much more smooth than 
others with excessive crystal defects caused by rapid 
growth. Then the crystal planes with larger growth rate 
will gradually disappear and transform to final platelet 
morphology. 

SEM micrographs of α-Al2O3 synthesized at 
different hydrothermal temperatures for 24 h and 
calcined at 1 200  for 3℃  h are shown in Fig.5. The 
sample via 120  hydrothermal treatment shows the ℃

polyhedron morphology, and plate-like morphology can 
be obtained when the hydrothermal temperature is 
increased up to 160 . Nevertheless, ℃ α-Al2O3 passes 
through the morphology transformation of platelet to 
vermiform morphology with increasing the hydrothermal 
temperature to 180 . And ℃ with increasing the 
hydrothermal temperature up to 240 , the ℃ α-Al2O3 
powder obtained is more seriously aggregated and the 
powders connects with each other. 

The microscopic mechanism of the crystal growth is 
essentially the dynamic balance between adsorption and 
desorption of the growth unit from the microscopic 
kinetics. When the adsorption rate of the growth unit is 
larger than the desorption rate, the crystal represents to 
grow in favor of the formation of α-Al2O3 platelets. 
However, the adsorption rate will be lower than the 
desorption rate with increasing hydrothermal temperature 



FU Gao-feng, et al/Trans. Nonferrous Met. Soc. China 18(2008) 

 

747
 

 

 
Fig.5 SEM micrographs of samples heat treated at different hydrothermal temperatures: (a) 120 ℃; (b) 160 ℃; (c) 180 ℃; (d) 240 ℃ 
 
up to the critical value, in which the formation of 
α-Al2O3 platelets is restrained. When the alumina 
precursor with AlF3 additive is treated at 240  ℃ under 
high pressure, the existence of AlF3 can make the growth 
units irregularly syncretize and superpose mutually on 
the same crystal plane and finally the seriously 
aggregated microstructure can be formed with the crystal 
growth. It is well known that AlF3 presents in a 
supersaturated mother phase and it can significantly 
change the nucleation of crystals, the growth and 
aggregation of nuclei and so on. But the effect of AlF3 
additive varying with the different hydrothermal 
temperature can result in distinct crystal growth habit 
during calcinations and then influence the formation of 
α-Al2O3 platelets. 
 
4 Conclusions 

 
1) In hydrothermal process, the transformation 

temperature of γ-Al2O3 to α-Al2O3 can be lowered by 
300 ℃ through the addition of 2% AlF3 and the 
well-dispersed α-Al2O3 powders with an average particle 
size of 8 μm can be obtained. 

2) Once alpha phase appears, the effects of 

temperature on particle morphology and size are quite 
weak. As AlF3 concentration is increased, the 
morphology of α-Al2O3 powders could be transformed 
from irregular platelet to flat hexangular platelet. 

3) The plate-like morphology can be transformed 
into vermiform morphology when the hydrothermal 
temperature is increased to above 180  and the ℃ α-Al2O3 
particles synthesized after 240  hydrothermal ℃

treatment are seriously aggregated. 
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