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Abstract 

Magnesium aluminate particles with high surface 
area were directly prepared from colloidal solutions 
by spray pyrolysis using a filter expansion aerosol 
generator. The colloidal solution was prepared by 
hydrolysis of aluminum isopropoxide (AIP) and 
magnesium salts. The spine1 particles began to form 
from 900°C. When prepared from colloidal solu- 
tions, the particles have porous and hollow morphol- 
ogy in contrast to particles prepared from aqueous 
solutions which have solid morphology. In the col- 
loidal solution, the mean size of the spine1 particles 
measured from the SEM photographs was increased 
from 0.42 to 0.9.5pm when the overall solution con- 
centration was increased from 0.075 to 0-I mol 1-t. 
The spectfic surface areas of particles prepared from 
colloidal solutions were 264 and 259m’ g-t when 
acetate and nitrate was used as magnesium source, 
respectively. On the other hand, particles prepared 
from aqueous solutions had low surface areas (18 
and 23m2 g-l) when acetate and nitrate were used 
as magnesium source, respectively. 0 1998 Elsevier 
Science Limited. All rights reserved 

1 Introduction 

Magnesium aluminate is used as catalyst, sensor 
and component in various electronic devices.ip3 
Fine particles with high surface area are required for 
high reactivity and selectivity. These characteristics 
are also required for highly sinterable particles. 

Solid state reaction4 chemical coprecipita- 
tion,2,5,6 and spray pyrolysis3,7 have been used for 
the production of magnesium aluminate spinel. In 
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solid state reaction, high reactor temperature 
( > 1400°C) and long heating time are required for 
phase pure spine1 particles. Therefore, spine1 parti- 
cles prepared by solid state reaction have large size 
and low surface area. Coprecipitation method also 
requires a long heating time, even if the sintering 
temperature is lower than powders prepared by 
solid state reaction. 

Spray pyrolysis is a continuous process different 
from the above two processes. Particles prepared 
by spray pyrolysis have high surface areas due to 
the short residence times of the particles inside the 
high temperature zone. In spite of this short resi- 
dence time, single phase, multicomponent particles 
are formed due to the high reactivity of submicron 
size particles with stoichiometric composition. 
Suyama and Kato prepared magnesium aluminate 
spine1 particles from mixed aqueous solutions by 
spray pyrolysis using a pneumatic nozzle.3 They 
showed that spine1 particles prepared by spray 
pyrolysis had a high surface area( 50- 100 m2 g-‘) 
and the form of hollow spheres. Kanzaki et al. 
reported that the specific surface area and the pore 
volume of magnesium aluminate spine1 particles 
prepared by spray pyrolysis depended on the type 
of solvent.7 The specific surface areas of particles 
varied from 22 to 109m2 gg’ depending on the 
type of solvent. 

Recently, colloidal solutions obtained from the 
hydrolysis of alkoxide precursors have been used 
to prepare high surface area particles by spray 
pyrolysis. Messing et al. reported that nano- 
composite particles of ~-Al203 and platinum pre- 
pared by spray pyrolysis from a hybrid sol of 
H,PtCl, dissolved in a boehmite sol had surface 
area as high of 203 m2 g-1.8 Kang et al. 9 reported 
that lithium aluminate particles prepared by ultra- 
sonic spray pyrolysis from aqueous solution of 
aluminum nitrate and lithium formate had lower 
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surface area (7m2 g-l) than particles (45m2 gg’) 
prepared from a colloidal solution obtained from 
aluminum isopropoxide and lithium formate. 

In this study, magnesium aluminate spine1 parti- 
cles were prepared from colloidal and aqueous 
solutions by spray pyrolysis using a filter expansion 
aerosol generator. The influence of the type of 
solution on the crystallinity and morphology of the 
particles was investigated. The spine1 particles pre- 
pared from colloidal solution had larger surface 
area (264 m2 gg2) than that (18 m2 g-r) of particles 
prepared from aqueous solution. 

2 Experimental 

The apparatus used in this work was a filter 
expansion aerosol generator (FEAG), of which 
details have appeared elsewhere.iO~” In the FEAG 
process, the solutions are atomized into droplets of 
2 pm at 5 ml min-’ and delivered into a hot-wall 
reactor at 60 torr. As the aerosol stream passes 
through the reactor, the solvent evaporates and the 
metal salts decompose into individual oxide parti- 
cles. The reaction of individual particles into single 
phase multicomponent oxide particles then follows 
in the high temperature of the reactor. 

The starting solutions were prepared using two 
different methods. The colloidal solution was pre- 
pared from aluminum isopropoxide and mag- 
nesium salts. Aluminum isopropoxide (AIP) was 
hydrolyzed at 85°C to form the aluminum hydrox- 
ide sol. Peptization then formed a clear sol. This 
peptized sol was composed of fibrils with lengths of 
several tens of nanometres. Stoichiometric amounts 
of magnesium salt were dissolved in this clear sol. 

The aqueous solution was prepared from alumi- 
num nitrate and magnesium acetate or nitrate. The 
stoichiometric amounts of aluminum and mag- 
nesium salt were dissolved in distilled water. 

The overall concentration of aluminum and 
magnesium source was changed from 0.0075 to 0.15 
mall-I. Air was used as carrier gas. The reactor 
temperature was maintained isothermally at 
between 800 to 1000°C. The residence time of the 
particles in the hot wall reactor was varied between 
0.01 to 0.02 s depending on the reactor temperature. 

The prepared particles were characterized by 
X-ray diffractometry (XRD), scanning electron 
microscopy(SEM), transmission electron micros- 
copy (TEM), and multi-point BET analysis. 

3 Results and Discussion 

The XRD spectra of particles prepared from colloi- 
dal and aqueous solutions are shown in Figs 14. 

+ MgAl 0 
2 4 

ntered at800 

I . I - I - 1 - I - 

20 30 40 50 60 70 80 

28 

Fig. 1. XRD spectra of particles prepared from colloidal 
solution obtained from aluminum isopropoxide and mag- 

nesium acetate. 
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Fig. 2. XRD spectra of particles prepared from colloidal 
solutions obtained from aluminum isopropoxide and mag- 

nesium nitrate. 

The spine1 particles began to form from 900°C 
regardless of the type of aluminum and magnesium 
source. The spine1 particles are poorly crystallized 
due to the short residence times in the FEAG pro- 
cess, while the particles calcined at 800°C for 1 h 
have high crystallinity. The calcined particles were 
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Fig. 3. XRD spectra of particles 
solution obtained from aluminum 

acetate. 
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Fig. 4. XRD spectra of particles prepared from aqueous 
solution obtained from aluminum nitrate and magnesium 

nitrate. 

not agglomerated, and the mean size of the parti- 
cles was not changed by the above calcining con- 
ditions from the evidence of SEM photographs. 

Figure 5 shows TEM photographs of particles 
prepared from colloidal and aqueous solutions. 

(b) Al nitrate + Mg acetate 

Fig. 5. TEM photographs of particles prepared from colloidal 
and aqueous solution. 

Magnesium acetate was used as magnesium source. 
The overall solution concentration and reactor 
temperature were O-15 mol 1-l and 9OO”C, respec- 
tively. The particles prepared from aqueous solu- 
tion have a completely smooth surface and dense 
morphology, while the particles prepared from 
colloidal solution have rough surface and porous 
morphology. The morphology of spine1 particles 
was not affected by the type of magnesium salts. 

Figures 6 and 7 show SEM photographs of 
spine1 particles prepared at different concentrations 
from colloidal and aqueous solutions, respectively. 
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Fig. 6. 

Fig. 7. 
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SEM photographs of particles prepared from aqueous solution obtained from aluminum nitrate and magnesium acetate: 
(a) 0.0075 mol 1-l; (b) 0.03 mol 1-l; (c) 0.06 mol 1-l; (d) 0.1 mol 1-l. 
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Fig. 8. Mean sizes of spine1 particles measured from the SEM 
photographs. 

In Fig. 6, the particles prepared from colloidal 
solution had hollow shape, and holes formed from 
the gas evolution were observed in some particles. 
In Fig. 7, a small fraction of the spherical particles 
prepared from aqueous solution was fractured into 
two parts, and holes were not observed. From 
these fractured particles, it is observed that the 
insides of the particles are filled with small primary 
particles. Figure 8 shows the mean sizes of particles 
measured from the SEM photographs. Magnesium 
acetate was used as magnesium source, and the 
reactor temperature was fixed at 900°C. The spine1 
particles prepared from colloidal solutions have lar- 
ger size than particles prepared from aqueous solu- 
tions on the evidence of the SEM photographs. In 
the colloidal solution, the mean size of the spine1 
particles measured from the SEM photographs was 
increased from 0.42 to 0.95 mm when the overall 
solution concentration was increased from 0.075 to 
0.1 mol 1-i. 

The specific surface area of the spine1 particles 
was strongly affected by the type of solution. The 
overall concentration of solution was maintained 
at 0.15 mol 1-i for the measurement of the specific 
surface area of particles. The reactor temperature 
was fixed at 900°C. The specific surface areas of 
particles prepared from colloidal solutions were 
264 and 259 m* g-i when acetate and nitrate was 
used as magnesium source, respectively. On the 
other hand, the particles prepared from aqueous 
solutions had low surface areas (18 and 23 m* g-i) 
when acetate and nitrate was used as magnesium 
source, respectively. These differences of surface 

area in colloidal and aqueous solutions are due to 
the difference in precipitation mechanism. In the 
case of colloidal solution, precipitation of mag- 
nesium salt could rapidly occur by heterogeneous 
precipitation on the fibrils of aluminum hydroxides. 
On the other hand, dense particles were formed at 
the drying stage by homogeneous precipitation in 
the absence of nuclei in the case of the aqueous 
solutions. When the particles prepared from colloi- 
dal solution were calcined at 800°C for 1 h , the spe- 
cific surface area of the particles was reduced from 
264 m* g-i to 124 m* g-i due to the crystallite 
growth of particles. Such high surface area spine1 
particles are attractive for catalysts and sensors. 

4 Conclusions 

Magnesium aluminate particles were prepared 
from colloidal and aqueous solutions by spray 
pyrolysis. The crystallinity of particles was not 
affected by the type of aluminum and magnesium 
source. The particles prepared directly from colloi- 
dal and aqueous solutions had poor crystallinity of 
spine1 due to the short residence times in the 
FEAG process, while particles calcined at 800°C 
for 1 h had good crystallinity. The spine1 particles 
prepared from colloidal solution had spherical and 
hollow shape, while the particles prepared from 
aqueous solution had solid morphology. The par- 
ticles prepared from colloidal solutions had larger 
surface areas than those of aqueous solutions due 
to the high nucleus concentration precipitation in 
the colloidal solutions. 
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