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Preparation of fine particles of 
carnegieite by a mist decomposition 
method 

HISAO IMAI ,  KEI ICHI  T A K A M I  
Research Laboratory of Engineering Materials, Tokyo Institute of Technology, 
Nagatsuta-cho, Midori-ku, Yokohama, 227 Japan 

A mist of a hydrosol consisting of silica, alumina/NaAIO2 and sodium hydroxide was 
produced by a supersonic atomization, and treated successively in three furnaces of 
different temperatures. The temperatures of the furnaces were adjusted for the 
evaporation of water, the dehydration and the crystallization of the mixed oxide, 
respectively. The spherical particles (~ 0.5 gm) of carnegieite were found to be formed in 
a narrow composition range of the raw materials at temperatures of 650 to 900 ~ C. The 
factors affecting the properties of the particles were investigated. 

1. Introduction 
Fine particles of mixed oxide are obtained by the 
preparation of fine droplets of a solution of mixed 
metal salts, followed by drying and thermal 
decomposition. The properties of the oxide 
particles depend greatly on the method used in 
each of these processes. 

A nozzle for one or two fluids, a rotator called 
"wheel" or "disc", or a supersonic vibrator is used 
for the preparation of fine droplets. Several 
methods have been reported for the drying and the 
thermal decomposition treatments of the droplets. 
A two-stage method,was used by de Lau [1], 
where the dried particles of soluble metal salt were 
collected and treated for the thermal decomposi- 
tion. Roy et al. [2] injected the droplets into a 
furnace of a high temperature where drying and 
thermal decomposition processes occurred simul- 
taneously. The use of a combustible solvent and 
the combustion of the droplet jet were adopted by 
Yamazaki and Sate [3] for obtaining a high tem- 
perature. Tokunaga et al. [4] succeeded in expand- 
ing the temperature range of stable combustion 
by injecting the combustible droplets into a fur- 
nace at a controlled temperature. Imai and Orito 
[5] treated the droplets of a mixed nitrates solu- 
tion successively in three furnaces at different 
temperatures to prepare fine spherical particles 
of a perovskite (CoLaO3). 
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In the present study, a mist of a mixed hydro- 
sol is produced by a supersonic vibrator, and 
treated successively in the three furnaces at dif- 
ferent temperatures. Fine spherical particles of 
carnegieite are prepared and the factors influ- 
encing the properties of the particles are investi- 
gated. 

2. Experimental techniques 
Fig. 1 shows a schematic diagram of the apparatus. 
The mist of a mixed hydrosol of silica, alumina/ 
NaA1Q and sodium hydroxide is generated by a 
supersonic vibrator, the diameter of the droplet 
being ca. 5/Jm. The mist flowed successively into 
three furnaces, B1, B2, and B3, at different tem- 
peratures. The fine particles of the oxide were 
collected by the glass filter which was maintained 
at a temperature of 120 ~ C. 

The temperatures of the furnaces, T1, T2, and 
T3, were adjusted for the evaporation of water 
(140 ~ C), dehydration (400 ~ C) and the crystalliz- 
ation of the oxide (500 to 900 ~ respectively. 
The characteristics of the fine particles were 
measured by changing the operating conditions, 
such as the temperature of the B3 furnace and the 
composition of the raw materials. The concentra- 
tion (C) of the aqueous solution, and the velocity 
of air (v) were kept constant at 0 .8wt% as the 
mixed oxide (Na20 + SiO2 + A1203), and l litre 
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Figure I Schematic diagram of the apparatus. A, super- 
sonic vibrator; B 1 - - B 3 ,  furnaces; C, filter; D, tail gas 
treatment; E, flow meter; F, pump. 

min -1, respectively. It should be noted that the 
retention time of the mist in the constant tem- 
perature portion (+ 5 ~ of the furnaces was ca. 
10 sec. 

The solution of the raw materials was prepared 
with silica sol, alumina sol, NaA102 (Kantou 
Kagaku Co Ltd) and sodium hydroxide (Wako 
Junyaku Industry Co. Ltd). The silica sol was 
prepared by the ion exchange of sodium silicate 
(Kantou Kagaku Co. Ltd), whereas the alumina sol 
was prepared by the neutralization of aluminum 
nitrate (Wako Junyaku Industry Co. Ltd) with 
ammonium hydroxide (Wako Junyaku Industry 
Co. Ltd), followed by washing and peptization. 

The characterization of the particles was made 
by means of following analytical instruments: a 
Rigaku Denki powder X-ray diffractometer, a 
Hitachi HSM2 scanning electron microscope 
(SEM) and a Hitachi 295 infrared (IR) spectro- 
meter. The specific surface area was measured by 
the BET method from the adsorption of nitrogen 
at liquid nitrogen temperature. 
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Figure 2 X-ray spectra of fine particles. T 1 = 170, T 2 = 
400, Ta = 700 ~ C, Si/A1 = 1.25, NaOH concentration 
= 0.50 wt %; - -  after washing, ..... before washing. 
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3. Results and discussion 
Fig. 2 shows the X-ray spectra of the particles 
prepared in a representative condition (T1 = 170, 
T2 = 400, T3 = 700 ~ C, Si/A1 = 1.25, NaOH con- 
centration = 0.50wt %). Although the spectrum 
of the original sample contains several peaks 
assigned to those of sodium carbonate, the spec- 
trum is in good agreement with that (indicated by 
o marks in the figure, ASTM Card No. 10-33) of 
Na20 excess type carnegieite [6] after washing 
with dilute sodium nitrate solution. The phase 
change of the sample to nepherine was observed 
during heat treatment for 45min at 1200~ as 
reported in the literature [7]. These facts indicate 
that the fine particles of the carnegieite are pro- 
duced. 

Effects of various factors were investigated, and 
it was found that the composition of the reactant 
sol and the temperature of B3 furnace were the 
most effective for the formation of the carnegieite. 
In Fig. 3, the X-ray diffraction intensity of the 
carnegieite (11 1) and the specific surface area are 
plotted as the function of the NaOH concentra- 
tion, the Si/A1 ratio in the sol being kept constant 
at 1.00 and 1.25. A maximum in the diffraction 
intensity was observed at a concentration of 

0.5 wt % in either case. On the other hand, the 
specific surface area of the particles remained 
almost constant at 5 to 7 m 2 g-a. The effects of the 
Si/A1 ratio are shown in Fig. 4. In this case, the 
reactant sol contained Na(l+x)Al(x+x)Si(l_x)O 4. 
0.84NaOo.s as mixed oxide. The value of x was 
changed in order to study the effect of the Si/A1 
ratio. As the (0 1 I) peak of the unreacted sodium 
aluminate, overlapping to the (1 1 1) peak of the 
carnegieite, gave a considerable effect in the 
aluminium excess composition range, the data are 
presented with the samples after washing with a 
dilute sodium nitrate solution. The X-ray diffrac- 
tion intensity showed a maximum at Si/(Si + 
A1) = 55 at%. The increase of the specific sur- 
face area, observed in the range below Si/(Si + 
A1) ~ 50 at %, may be ascribed to the amorphous 
alumina formed from the unreacted sodium 
aluminate during the washing. In all of these 
experiments, other conditions were kept constant 
as follows: Tx = 170, 7'2 = 400, T3 = 700~ 
These results indicate that the fine particles of the 
carnegieite structure are formed in a narrow com- 
position range of the reactant sol. 

The experimental results on the effects of 7"3, 
shown in Fig. 5, indicated that the particles of the 
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Figure 3 Effects of NaOH concentration. 
T , = 1 7 0 ,  T2=400,  T3=700~ on, Si/ 
A1 = 1.25; e=, Si/A1 = 1.00; oe, X-ray 
intensity; [] =, specific surface area. 

Figure 4 Effects of Si/A1 ratio, o, X-ray 
intensity; , ,  specific surface area. 
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Figure 5 Effects of T~. Si/A1 = 1.25, NaOH concentra- 
tion = 0.50 wt %. % X-ray intensity; e, specific surface 
area. 

carnegieite were produced at temperatures higher 
than 650~ The figure also indicates that the 
decrease of the specific surface area of  the sample 
was .small above 650~ IR spectra of  these 
samples are shown in Fig. 6. The temperature of  
the B3 furnace is written in the figure. The absorp- 
tion bands at 880 and 550 cm -t are those assigned 
to sodium carbonate, and they disappeared after 
washing. The other three bands are those of  
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Figure 6 Infra-red spectra. 

alunrinosilicate. The band at 990 cm -1 is observed 
in almost all the aluminosilicates, and is assigned 
to the asymmetrical stretching vibration of  SiO4 
or A104 [8]. The bands at 690 and 470 cm -1 are 
observed in nepherine which has the similar struc- 
ture to that of carnegieite [8], and may be assigned 
to the common crystal structure of  these com- 
pounds. These two absorption bands increased 
with increasing temperature. It should be noted 
that these two bands were observed below 600~ 
where no crystalline peak was observed in X-ray 

Figure 7 Scanning electron micrographs of carnegieite fine particles T 1 
NaOH concentration: (a) 0.40, (b) 0.52, (c) 0.61 wt %. 
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= 170, T~ = 400, T~ = 700 ~ C, Si/A1 = 1.00. 
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Figure S Particle size distribution. 

diffraction. This may suggest that very small 
crystallites were formed at temperatures below 
600 ~ C, 

Fig. 7 shows SEM photographs of  the particles 
obtained with the solutions of  different compo- 
sition (Si/A1 = 1.00 and NaOH concentration = 
0.40 to 0.61 wt %). The particles are spherical and 
smaller than ca. 1/ira. The particle size distribu- 
tion histograms of these samples (a, b and c) are 
shown in Fig. 8. They are almost the same, 

irrespective of  NaOH concentration, or irrespective 
of the degree of formation of  the carnegieite struc- 
ture. The histograms of the samples shown in Fig. 
5 were almost the same as those shown in Fig. 8. 
This is consistent with the results that the particle 
size is determined almost completely by the total 
concentration of  reactant solution [5]. The num- 
ber mean diameters of the samples (a, b and c) are 
0.48, 0.52 and 0.61#m, respectively, and are 
almost constant. The surface area calculated from 
the mean diameter, 5 m 2 g-t, is almost the same as 
the observed BET surface area, suggesting that the 
particles are nonporous. 

The Na20 excess type carnegieite can be pre- 
pared by heat treatment (700~ of the gel 
obtained by the coprecipitation of  sodium silicate 
and aluminium nitrate. However, the specific 
surface areas of  the samples prepared by this 
me'thod were less than 1 m 2 g-1. Therefore, the 
mist decomposition method can be an effective 
method to avoid the decrease of the specific 
surface area during crystal phase formation. 
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