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ABSTRACT

The UV spectra of sodium aluminate solutions in the carbonization process exhibit complex
change, while the change of Raman spectra is not so evident. Based on the regularity of intensity
change of UV and Raman spectra of solutions in the carbonization process, the mechanism of sodi-
um aluminate solution in the carbonization process was discussed.
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1 INTRODUCTION stitring, which was relatively similar to the practi-
cal process in industry production. The other was
adding 1 mol/L NaHCO; into the newly diluted solu-
tion with vigorous stirring, which could be exactly

The carbonization process is one of the impor-

tant steps of the sintering method for alumina pro-

duction. This process affects the recovery and quali- controlled the degree of carbonization. Two kinds

ty of alumina. UV, UV time-scanning and Raman of carbonization methods were used in the mean-
. , s

spectra of sodium aluminate solution in the car- M $0 as to compare their result of spectral mca-

bonization process were detected so as to study the surements.

change of sodium aluminate solution in carboniza- UV. UV time scanning spectra at wavelength

tion process (especially in the early period of car- 2800 A of sodium aluminate solution in the car-
bonization process were measured with Shimaszu
2100S type UV spectrometer. RAMALOG SPEX

1103 type Raman spectrameter was used for the Ra-

bonization process).

2 EXPERIMENTAL METHODS

man spectra measurement of sodium aluminate solu-
tion in the carbonization process. The Ar laser light

High-purity aluminium metal was dissolved in- source with power 200 mW and wavelength 5115
to sodium hydroxide solution (prepared by dissolv-

ing C. P grade NaOH into deionized water) to ob-

tain sodium aluminate solution containning Al.O; 3 EXPERIMENTAL RESULTS
306g/L and Na.O 279g/L. After a lengthy stor-

age in an air-tight polyethylene bottle, the sodium

A was used.

aluminate solution was diluted to a solution contain- 3.1 The Change of UV Spectra in the Car-

ing Al,0;102g/L and Na-O 93g/L. This diluted so- honiaton Process

lution was used as the raw material of carboniza-

tion process. The CO- gas was inleted into the newly diluted
Two kinds of carbonization methods of sodium sodium aluminate solution containing Al.0402g/L

aluminate solution were used. One was inleting and Na.O 93 g/L. and vigorously stirring by mag-

CO. gas into newly diluted solution with vigorous netoelectric stirrer. Then UV spectra began to be

o
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measured after every other minute for every 10 peated many times. It is confirmed that the UV
min until gibbsite precipitation occurred, as shown transmittance change of sodium aluminate exhibits
in Fig. 1. non-reproducibility.
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Fig. 1 The UV spectra change of sodium
aluminate solutions in the carbonization process Fig. 2 The UV spectra change of sodium
(inleting CO, gas) was measured after each other aluminate solution (adding 1 mol/L NaHCO;)
for every 10 min. was measured after cach other for every 10 min
Then 1 mol/L NaHCO; was added to newly diluted
sodium aluminate solutions until the total volume - 80 ~
of solutions increased to 1. 1~ 1. 6 times of the o- 08 .‘L_
riginal dilute solutions. UV spectra of the solutions = :
were then measured after each other minute for ev- =
ery 10 min until gibbsite precipitation occurred. It §
is found that the UV spectra of every solution exhib- E 40t
it oscillatory changes. Fig. 2. represents one of the =
example of the UV spectra change in this process.
It is seen that the spectra shape of Fig. 1 and Fig. 2 l
are similar, and transmittance »s time exhibits oscil-
latory change. 0 100 200 300
t /min
3.2 The UV Transmittance Change at Ware- Fig. 3 The UV transmittance changes at
length 2800 A in Carbonization Process wavelength 2800 4 and non-reproducibility of
sodium aluminate solution in the carbonization
At the same stirring condition and same process (adding 1 mol/L NaHCO; till the
adding rate, 1 mol/L NaHCO; was added to two volume of solution was incrcased 1. 6 times)
samples of sodium aluminate solution with same
composition, same concentration and same prepara- 3.3 The Raman Spectra Change of Sodium Alu-

tive histories. Then the UV time-scanning spectra ‘ o o
minate Solution i the Carbonization Process

at wavelength 2800 A were measured, as shown
in Fig. 3. Tt is interesting that the UV transmit-
tance curves of two samples exhibit obvious differ- Fig. 4 illustrates the change of Raman spectra
ence, though the general tendency of transmittance of newly diluted sodium aluminate solution after ad-
change show similarity, such experiments were re-  dition of 1mol/L NaHCO; until the total volume of
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solution increased to 1. 6 times of the originally di-
lute solution. It is shown in Fig. 4 that Raman spec-
tra exhibit less evident change as compared with
UV spectra at the same condition. The 625 cm !
chief peak, implying the cxistence of AI(OH), ,
shows less change, while the peaks in the range of
460 cm ! to 480 em ! exhibit some changes. It
means that Al (OH){ is still the major anionic

species at the early period of carbonization process.

1

i

400 ‘ 700

Raman shift/cm™!

Fig. 1
aluminate solution in carbonization process
Curve |—>5min after addition of NaHCO; into newly

The Raman spectra of sodium

diluted sodium aluminate solution;
Curve 2-- 25 min after addition of NaHCO; into
newly diluted sodium aluminate solution

4 DISCUSSION

In our previous work, it was noted that UV
spectra of sodium aluminate solutions (containing
Al(OH), as major anion species and different con-
centration of AI(OH)}
such as Al.(OH)}y ) exhibit great change. Accord-
ing to the mechanism of decomposition or carboniza-

and its polymeric anions

tion of sodium aluminate solutions proposed by
Tasyxin, ALCOH)E
action intermediate products, whose formation and
induce UV
change in carbonization process.

and polymeric anions.are re-

further polymeration may spectra

It is found that transformation of HCO; and
CO;™ is not the dominant factors of UV spectra
change in the carbonization process, because their
transmittance in the range of our measurement
wavelength is very high.

It was found in our previous work that UV
spectra of sodium aluminate solution in the decom-
position process of diluted solution also exhibit simi-
lar complicated change, implying the similarity be-
tween the decomposition and carbonization process.

With pattern recognition (PCA method) of the
spectra change, the number of anionic species. oc-
curring the spectra change. can be confirmed. The
results of PCA analysis of the UV spectra of sodi-
um aluminate solution in carbonization process with
two above-mentioned methods are shown in Table
1 and Table 2.

It can be seen in Table | and Table 2 that the
first cigenvalue is 98 % and 96. 8% of the total val-
ues respectively . implying that only one kind of an-
ionic species is responsible to the UV spectra change
in carbonization process. This anionic species may
be AI(OH )

In our previous works. it was found that the

or its polymeric anions.

chaotic phenomenon occurs in the decomposition
In this
work, the non-reproducibility of the reaction Kinet-

process of sodium aluminate solutions.

ics in the decomposition and carbonization of sodi-
um aluminate solutions was found. All these facts

Table 1 PCA analysis of UV spectra of sodium aluminate solution in
the carbonization process (adding NaHCO;)
No I 2 3 : H 6 3 9 1o 1 1 13 I
N 26.96705 0.32251 0. 13167 0.04170 0.01749 0. 0131 0. 00826 (L 00625 0.00525 0. 00397 0. 00141 0. 00116 0. 0005% 0. 00039
AN
\. 98.0  1.17  0.48 016 0.06  0.05  0.03  0.07  0.07 0.0 0.007  0.005 0,002  0.00]
N0
Table 2 PCA analysis of UV spectra of sodium aluminate solution in
the carbonization process(inleting CO-)
No | 2 3 i 3 6 8 4 10 1 12 13 I
4 25.81505 0. 10393 0. 21286 0. 10156 0. 01397 0. 02908 0.015(2 0. 01142 0. 00820 0. 00521 0. 00136 0. 00311 0. 00089 0. 00023
i/
o 96.8  0.015  0.80  0.30 0.1 0.0l 0.06  0.00  0.03 002 0.02 0.0l 0.003 0.0009
NTLCH)

(To page 24)
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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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