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Preparation of thermally stable aluminas by hydrothermal treatment

of an alkoxide-derived gel
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Technical Research Center, Krosaki Corporation, 1-1 Higashihama, Yahata-nishi, Kitakyushu 806, Japan

Catalytic combustion is expected to inhibit gener-
ation of thermal NOx (nitrogen oxides) and increase
combustion efficiency [1]. To control catalytic com-
bustion, development of a catalyst support which
can be used at temperatures above 1000°C is
necessary. Transition aluminas have been widely
used as catalyst supports because of their high
surface area and thermal stability. However, these
aluminas could not be used as a support of catalytic
combustion, since they rapidly decrease their spec-
ific surface area with transformation to the « form of
alumina at temperatures above 1000 °C. Machida et
al. [2] and Yamashita et al. [3] reported that the
addition of alkaline earth and/or rare earth elements
was attractive for stabilizing aluminas at high temp-
eratures. In particular, alumina containing Ba,
prepared by the sol-gel method, maintains
>10m*g™" of specific surface area at high temp-
eratures, i.e. =1400 °C, because of the formation of
low-sinterable barium hexa-aluminate (BaO-
6A1,05) [2]. Production of thermally stable aluminas
with no additives by microstructural control was
attempted; i.e. alumina aerogels dried under super-
critical conditions [4], and alumina powders by
complexing assisted sol-gel method using polyglycol
[5] or by spray pyrolysis of a boehmite sol [6].
However, the thermal stability at =1400 °C was not
achieved by the above methods. In our study,
processing of an alumina which would operate stably
at 21400 °C, was researched. Alumina precursors
were prepared by hydrothermal treatments of an
alkoxide-derived gel. The resultant alumina was
discovered to have a thermal stability over a range of
higher temperatures, especially 21400 °C.

Aluminas were prepared using reagent grade raw
materials. Ethyl acetate aluminum di-iso-propylate
(etac Al), 27.43 g, in ethanol, 25 ml, was hydrolysed
with 1 M aqueous ammonia—ethanol (7.2 ml-50 ml,;
H,O/etacAl = 4). The resultant transparent solution
was aged at 60°C for 4 days, after which a
transparent alcogel was obtained. The alcogel was
hydrothermally treated at a temperature between
170 and 270°C for 6 h, and was dried in air at
100 °C. The alumina precursors obtained are called
HT-170, HT-200, HT-240 and HT-270, the numbers
indicating the temperature of the hydrothermal
treatment. For comparison, an alumina aerogel was
prepared. The above alcogel was treated for 6 h
under the supercritical condition of ethanol (270 °C,
26.5MPa), and then an alumina aerogel was
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obtained by removing solvents with decreasing
pressure.

The HTs were fired in air at a heating rate of
100 °C min~! to various temperatures for 5 h, and
the Brunauer—Emmett-Teller (BET) surface area
was measured by the nitrogen adsorption method
(monosorb, Quanta Chrome). Crystalline phases
were identified by a powder X-ray diffraction
method (XRD; RAD-RB, Rigaku Co.) using CuK,
radiation with a graphite monochromator. The
aerogel obtained, a commercial y-alumina (Puralox
SBa-130, Condea Chemie) and a boehmite (Dispal
11IN7-80, Vista Chemical) were used as comparative
samples.

As for using alumina as a catalytic combustion
support, one of most necessary factors is to keep a
high specific surface area (SSA) after heating to
21000 °C. Thus, the thermal stability of the HTs was
estimated by changes on the SSAs of aluminas after
heating. The HT-270 heated to =1200 °C main-
tained the highest SSA; 10.2 and 5.4 m®g™! at 1400
and 1500 °C, respectively, while the HT-270 heated
to <1100 °C had an SSA of about 100 m®g™', which
was the same value as that of y-alumina and
boehmite (Fig. 1). The aerogel at 1200 °C, which
was reported to be one of the most thermally stable
[4], had a high SSA of about 70 m?g~! compared to
that of HT-270, but its SSA at =1400°C was
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Figure 1 Change in the specific surface area of different aluminas
after heating at various temperatures: (O), HT-270; (A), aerogel;
(O), y-alamina; (M), boehmite.
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<3 m?g™!. The alumina with no additive prepared
by hydrothermal treatment of the alcogel could
maintain a high SSA of =10 m?g™! at high temp-
eratures, =1400 °C. The XRD results are shown in
Fig. 2 and Table I. The HT-270 possessed a typical
boehmite-type XRD pattern [7], and crystallized to
« phase via y, 6 and 6 phases at 1200 °C. The «
transformation temperature was elevated compared
to that of the commercial y-alumina and the boeh-
mite (Table I). The aerogel with high thermal
stability at 1200 °C also possessed a high « transfor-
mation temperature. Addition of La,O; and SiO, is
known to be attractive for thermal stability because
of inhibition of « transformation [3, 8-10]. Simi-
larly, the thermal stability at =<1200°C of the
HT-270 is thought to be achieved by inhibiting o
transformation; however, that at =1400 °C cannot
be explained.

The effect of hydrothermal treating temperatures
on the thermal stability are described. As-prepared
HTs and the HTs after heating at 1000 °C showed
slightly increasing SSAs with elevating hydrothermal
treatment temperatures (Fig. 3). On the other hand,
when heating at 1200 °C, the SSA of HT-270 was
35.0m?g !, but 4.1m?g™! for the HT-170. The
thermal stability of the HTs reversed at the temp-
erature which is the o transformation temperature of
usual transition aluminas. Even if heating at 1100 °C
(Fig. 4), the effect of high temperature hydro-
thermal treatment was observed after long holds at
temperature. After heating for 100 h the SSA of the
HT-270 had hardly changed, i.e. about 70 m*g™?,
while those of the HT-200 and HT-240 apparently
decreased with time. Differences in these thermal
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Figure2 XRD patterns of the HT-270 after heating at various

temperatures for Sh. (a) As-prepared, (b) 600 °C, (c) 800 °C,

(d) 1000 °C and (e) 1200 °C: O, S-alumina; @, f-alumina; A,

a-alumina; V, NaCl used as a support.

TABLE Crystalline phases of different aluminas heated at
various temperatures®

Temperature
°C) HT-gel Aerogel  y-alumina  Boehemite
As-prepared B B - -
800 Y 4 Y Y
1000 é >4 6>4 é
1100 >0 g a >>un 6
1200 6=0>a 0>« o o

B, boehmite; y, y-alumina; 6, é-alumina; 6, 6-alumina; «,
a-alumina; un, unknown peak.

414

1000 ¢
N; —D\D
= 100 | ‘\D\&
i — NE—
(]
§ o]
k=
a
ngf_ 0 o
[+]
2 o
w
| Y L A 1 L 1 PSSR |

1 A L
160 180 200 220 240 260 280
Temperature (°C)

Figure 3 Hydrothermal treatment temperature versus specific
surface area of the HTs after heating at various temperatures for
5 h: (O), as-prepared; (A), 1000 °C; (O), 1200 °C.
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Figure 4 Heating time versus specific surface area of the HTs
after heating at 1100: HT prepared by hydrothermal treatment at
(0),200 °C; (A), 240 °C; (O), 270 °C.

stabilities depends on thermal treatment temp-
eratures. Adschiri et al. reported that hydrothermal
conditions, i.e. pressure and temperature, strongly
affect the particle size, morphology and crystal
structure of boehmite from a metal salt aqueous
solution [11]. Similarly, differences in morphology
and crystal structure of the HTs would give their
different thermal stability.

In conclusion, the alumina precursors were pre-
pared by hydrothermal treatment of an alkoxide
derived alcogel. The alumina treated at 270 °C
(HT-270) showed the excellent thermal stability;
with SSAs of 10.2 and 5.4 m%g™! after heating at
1400 and 1500 °C, respectively. As for heating at
1100 °C, the SSA, about 70 m*g™!, of the HT-270
was constant for 100 h. These thermal stabilities
depend on the hydrothermal conditions.
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