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Abstract  Aluminum sulfate, Al(SO,),- 18H.O was prepared by adding of kaolin-dissolved sulphuric acid into ethanol
and its thermal decomposition behavior was discussed. As-synthesized high purity precipitate particles were plate-
like shapes of ~2/m size. With increasing drop rate of leach liquor into ethanol, the crystallite sizes of the precipitate
decreased. The apparent activation energies for dehydration and sulfate decomposition of the precipitate were 11.9 and

48.2kcal mol ™', respectively.

1. Introduction

The characteristics of ceramic powders are usually
affected by many factors such as their chemical compo-
sitions, particle sizes and shapes, agglomeration,
additives, and impurities. Some of these factors have
been investigated'. Several wet chemical methods have
been developed for the preparation of high-purity, ho-

¥ The sim-

mogeneous, and sinterable ceramic powders
plest method is the precipitation technique. This process
consists of four main stages ; 1) precipitation of metal
cations in the solution, 2) filtering, 3) drying, and 4)
thermal decomposition.

Alumina, due to its high melting point (205607C),
chemical stability, and optical and electrical properties,
is a useful ceramic material. It has been reported* ™ on
the preparation of alumina powders by precipitation
technique from several precursors and the resulting
characteristics have been studied. Generally alumina
powders prepared by calcination of aluminum sulfate
have high reactivity and sinterability, which are deter-
mined by the method of preparation for starting

aluminum sulfate®* %,

In this work, in order to obtain the useful fundamen-
tal data for the preparation of high-performance oxide
powders from natural ceramic raw material, we pre-
pared the alumina precursor, aluminum sulfate using
Hadong kaolin and investigated its thermal decomposi-

tion behavior.
2. Experimental

The synthesis procedure of the aluminum sulphate
powders by acid leaching of kaolin is briefly shown in
Fig.
were carried out in a pyrex glass reactor immersed par-

1, and described in detail elsewhere!”. Leaching
tially in a water bath. Mixing of the solution was done
using a stirrer driven by a speed motor. The glass reac-
tor was fitted with a thermometer and a reflex con-
denser. After calcination at 800°C for 3 h, the as-re-
ceived kaolin was ground to <0.074mm in an agate
mortar. 600m! of 1.0M sulfuric acid and 18g of kaolin
sample were charged into the reactor. The solution was
continuously stirred under 450r.p.m at 80C for 3h
After leaching, the glass reactor was cooled to room
temperature. Leach residue containing mainly silica
was separated by filtering the solution. The filtered
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Calcined kaolin 1.0M H,SO,
18¢ 600ml
Reaction at 80°C
for 3h
Filtering Silica
Leach liquor
100ml
Precipitation C,H;OH
Precipitate
Heating*
Alumina

Fig. 1. Experimental flow chart.

leach liquor (200ml) was added with different drop
rates (0.5, 1.0, 2.0, 3.0, 4.0, and 5.0ml min ") into 900ml
of stirred ethanol which was used as a precipitating
agent. The precipitation occurred just after addition of
the leach liquor into the ethanol. The precipitates were
dried at 80°C for 24h after washing them again with
ethanol.

Crystalline phases were identified by X-ray diffrac-
tion(D/Max-2400, Rigaku) with CuK. radiation. Ther-
mal decomposition behaviors of the precipitates were in-
vestigated by differential thermal analysis(TG/DTA
2000, Macscience). The microstructures of the precipi-
tates were observed with a scanning electron micro-
scope (JSM-5400, Jeol). Impuritics of the precipitates
were determined using a plasma spectrometer (SPS-

7700, Seiko) .
3. Results and Discussion

As shown in Table 1, XRD data for precipitate pre-
pared from kaolin was comparable with that of A1, (SO
+ 3 18H.0 (JCPDS No. 26-1010).

Fig. 2 shows DTA and TG curves for a precipitate
sample. Thermal analyses were carried out to 1000C

'. Two endothermic

with a heating rate of 10C min~
peaks were observed ; the first peak at 180°C corre-
sponded to dehydration and the second at 800°C corre-
sponded to desulphurization. Total weight loss due to
thermal decomposition was 80 wt2%.

As-synthesized precipitate contained <11.4ppm im-
purities (Table 2). According to the CRC handbook'”,
iron sulphate hydrates are absolutely soluble in ethanol.
Therefore, the amount of Fe contained in the precipi-
tate was negligible, It is interesting to note that ethanol
is a precipitation agent which is used to obtain a
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Fig. 2. DTA and TG curves for the precipitate derived from ka-
olin.

Table 1. XRD data of Al{SO,):-18H.0 from both the Joint Committee on Powder Diffraction Standards(JCPDS)

and the precipitate derived from kaolin in this study.

JCPDS(No. 26-1010) Precipitate
hkl - d(nm) 7 1/ 1 max d(nm) I /1 max o
020 ) 133 55 1.358 49
110 0.727 22 0.718 12
041 0.4489 100 0.449 100
131 0439 80 0.411 44
111 0.4329 75 0.4349 36
131 0.3969 80 0.3913 31
180 0.3022 35 0.3025 31
241 0.2956 20 0.2976 13
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Table 2. Impurities of the precipitate derived from ka-

olin.
Consituent ppm
Fe 0.683 )
Na 7.263
K 1.747
Mg 0.533
Ca 1.162

Fig. 3. SEM micrograph of the precipitate derived from kaolin.
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Fig. 4. Crystallite size of the precipitate with drop rate of leach
liquor into ethanol.

precipitate with a high purity. The precipitate consisted
of plate-like shaped particles of ~2um size, as shown in
the SEM micrograph in Fig. 3.

Fig. 4 shows the change of the crystallite sizes of the

precipitate with the different drop rates of leach liquor
into ethanol. Crystallite size was determined using the
Scherrer formula'® with (041) peak in XRD patterns
of the precipitate.

The variation of the crystallite size was predicted by
the empirical algebraic equation formulated by von
Weimarn'®. Crystallization is divided into two stag-
es ; nucleation (stage 1) and growth of nuclei (stage
) with the velocities of each stage represented as

Vi=k(Q-L)/L (1)
Vi=DA (C-L)/8 (2

In addition, the ultimate size of the crystallite (Gm) in
number of moles per particle, is given by

Gm=K/(@Q-L)" (3)

where @ is the instantaneous concentration of the mate-
rial in solution (metastably) just prior to nucleation, L
the equilibrium solubility of bulk solid, D the diffusion
constant of the molecules, A the total area of growing
crystallites, & the thickness of a layer around each parti-
cle within which the solution is just saturated (concen-
tration L), C the time-dependent solution concentra-
tion outside this layer (falling from Q to L with increas-
ing time), and k, K, and n are empirical constants relat-
ed to the chemical composition of the solid and to the
experimental conditions.

The variation of crystallite sizes according to drop
rate is estimated mainly in terms of Q and L, although
they are of little quantitative value. Large Q and low L
values provide a high nucleation rate, as shown in equa-
tion (1). If many nuclei form, each nucleus becomes
small, as in equation (3). Therefore, an increase in drop
rate induces a high solute concentration and formation
of many nuclei, resulting in a small crystallite size of
the precipitate.

Fig. 5 shows XRD patterns for the precipitate with
increasing calcination temperatures up to 1200°C. The
as—-synthesized precipitate, Al,(SO, -18H,0 was finally
transformed to @-A1203 via AL (S04 ;(600C) and 7-
ALO, (1000C).

The results of TG/DTA (Fig. 2) and XRD (Fig. 5)
analyses show that the thermal decomposition reactions
of aluminum sulfate hydrate can be divided into two
stages ; dehydration (equation 4) and desulphurization
(equation 5) :

AL (80, 4 18H.0—AL (SO 4+ 18H0 (4)
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Fig. 5. XRD patterns for the precipitate derived from kaolin,

calcined at various temperatures for Zh.
a: Alg(SO‘)J 18Hzo, b: Alz(SO‘)J, C: 7_A1201, d: a—Ale‘

Al (SO ,—ALOs+ 350, (5)

Table 3 shows the DTA peak temperatures for the de-
hydration and desulphurization stages of the precipi-
tate. With increasing heating rate in the range 5 to 20
C min ', peak temperatures moved toward higher:
112 to 150C for dehydration and 730 to 791°C for
desulphurization. Dehydration and desulphurization ki-

netics were analyzed using Kissingers method'" :

-8.6

-8.8

9.0 E=11.88kcal/mol

-9.6

T

9.8

In(B/Tp?)

-10.0

1

-10.2

I

-10.4

T

I
2.35

1
2.40

|
2.45

1 1 I
250 255 260

1000 / Tp(K™)

Fig. 6. Kissinger plot for dehydration of the precipitate.

n= o= L —+constant (6)
P I

where £ is the rate of heating, T, the peak temperature
in degrees Kelvin of the endothermic or exothermie re-
actions, E the activation energy of the process, and R
the universal gas constant. The activation energy for
the thermal decomposition reaction can be obtained
from a plot of In(8/Tp* vs 1/Tp.

The apparent activation energies for dehydration and
desulphurization calculated from the slops of straight
lines were 11.9(Fig. 6) and 48.2kcal mol ' (Fig. 7),
respectively. The apparent activation energy for suifate
decomposition of the precipitate svnthesized in this
study was lower than that (69.3kcal mol ') for anhy-

drous aluminum sulfate crystals' obtained from precip-

Table 3. DTA peak temperatures at different heating rates for dehydration and sulphate decomposition of the

precipitate derived from kaolin.

DTA peak temperature, Tp(K)

Heating rate, 8(C min ') —=-

Dehydration Sulphate decomposition
5 T 386 - 1003
8 396 1022
10 401 1031
12 403 1038
15 412 1043
18 415 1055
20 1064

423
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Fig. 7. Kissinger plot for sulfate decomposition of the precipi-
tate.

itation with concentrated sulfuric acid and then cal-
cined at 350°C.

4. Conclusions

High purity hydrated aluminum sulfate containing <
11.4 ppm impurities was prepared by a precipitation
technique using Hadong kaolin as a starting raw mate-
rial. Ethanol was a useful precipitation agent. The crys-
tallite sizes of precipitate were governed by the drop
rate of kaolin-dissolved sulphuric acid into ethanol.
Thermal decomposition of the precipitate proceeded in
two stages ; dehydration at a lower temperature (~ 140
C) and desulphurization at a higher temperature (~
800°C), with activation energies of 11.9 and 48.2kcal
mol ™', respectively. With increasing calcination temper-
ature up to 1200°C, the as-synthesized precipitate, crys-

talline Al (SO,) -18H,0 transformed to A1, (SO 4 y-Al
{03, and a-ALO; in sequence.
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