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Synthesis of a ceramic acid of tungstated alumina more active than
silica-alumina for decompositions of cumene, ethylbenzene, and toluene
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A ceramics acid, calcined at temperatures above 1000 °C, was obtained by impregnating aluminum hydroxide with aqueous
ammonium metatungstate followed by calcining in air at 1000-1200 °C (1-5 wt% W); its acidity and catalytic activity for
decompositions of toluene, ethylbenzene, and cumene are higher than those of silica-alumina.
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Ceramics are made by calcination of inorganic
materials at a high temperature and favorably impressed
upon stability. Among those materials, brick is a typical
example, usually produced by calcination at tempera-
tures above 1000 °C.

Solid acids such as alumino-silicates and binary oxi-
des, whose typical examples are SiO,—Al,03 and TiO,—
ZrQ,, are usually prepared by calcination at 500-600 °C
[1-3]; the treatment at higher temperatures reduces the
surface acidity as well as catalytic activity.

We have prepared a new solid acid whose preparation
was brought by calcination in the temperature range for
preparation of ceramics, 21000 °C. The preparation is
simple, and the point is usage of a small quantity of
tungsten and of alumina gel. Tungstated-alumina is
obtained by calcination in air at 1000-1200 °C after
impregnating alumina with aqueous metatungstate. The
materials show remarkable surface-acidities and activi-
ties for acid-catalyzed reactions, higher than silica-alu-
mina, with fairly high acidity on the surface. As a stable
material just like brick, the prepared ceramics was quite
stable as a solid acid.

Metastable aluminas such as p-alumina are widely
used as catalyst and the catalyst support in industry. A
great variety of transition aluminas are converted into
the inactive az-alumina by heat-treatment at tempera-
tures above 500-1200 °C [4]. New acid sites are devel-
oped on the surface of alumina by introducing tungsten
oxides [5, 6]; calcination at a high temperature is effec-
tive to develop the acid sites, but the optimum calcina-
tion temperature is 700 °C, at the highest.
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This is the first to synthesize a solid acid with high
acidity on the surface of alumina obtained by calcina-
tion in the ceramics range for preparation, and the work
is highly related to green chemistry. Here, we report the
preparation method of a new ceramics acid.

The catalyst (WO3/Al,O3) was prepared by drying
aluminum hydroxide (Koujundo Kagaku, Ltd., com-
mercial grade, powdered below 100 mesh) at 100 °C
followed by impregnating with aqueous ammonium
metatungstate [(NHy)g(HoW1,049), Nippon Inorganic
Color & Chemical Co.], evaporating water, drying, and
calcining in air for 3 h. The concentration was 1 wt% W
(1.18 wt% after calcination at 1200 °C), 3 wt% W, and
5 wt% W (4.43 wt% after calcination at 1000 °C) based
on the hydroxide, denoted as 1%-WO3/Al,03, 3%-
WO;/Al,03, and 5%-WO3/Al,O3, respectively.

Silica-alumina was supplied from the Catalysis Soci-
ety of Japan as a reference catalyst and calcined at
500 °C: JRC-SAL-2 (surface area, 560 m?/g). AL,O; was
obtained by calcination of the hydroxide at 1000 or
1200 °C. All of the catalysts were calcined in air for 3 h
and powdered to below 100 mesh.

Reactions of alkylbenzenes were carried out in a
microcatalytic pulse reactor as described elsewhere (flow
rate of He carrier gas 30 ml/min; pulse size 1 ul) [7].
Effluent products were directly introduced into a gas
chromatographic column for analysis (Bentone
34+ DIDP, 2 m, 80-100 °C). The catalyst was again
heated at 300 °C for 1 h in the He flow before reaction.
Activities were compared with the first pulse value.

The heat of Ar adsorption was determined by
measuring the adsorption isotherm of Ar by means of
a volumetric method using a conventional BET sys-
tem. The adsorption temperature was controlled at
-30—-60 °C, along with a pressure of 2-100 kPa.
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A ceramics acid was obtained by impregnating alu-
minum hydroxide with aqueous ammonium metatung-
state followed by calcining in air at temperatures above
1000 °C (1-5 wt% W) and examined in several acid-
catalyzed reactions. First, the cracking of cumene into
benzene and propylene was carried out with a small
portion of catalyst at 250 °C, low compared with an
usual temperature for the reaction; the results are shown
in figure 1 as a function of calcination temperature of
the 5 and 1% W-added catalysts. The highest activity
was observed with calcination at 1000 and 1200 °C for
the 5 and 1% impregnated materials [5%-WO3/Al,O;
(1000 °C), 1%-WO0O3/Al,05 (1200 °C)], respectively. The
1%-WO3/Al,05 catalyst was tested for the reaction at
higher temperature, 300 °C; the calcination temperature
showing the highest activity was really 1200 °C. When
the proportion of W in the catalyst was 3%, the curve
showing the conversions with the calcination tempera-
ture over the catalyst was an intermediate state between
the 1 and 5% materials, indicating the highest activity
with calcination at 1100 °C.

Reactions were carried out for the less reactive eth-
ylbenzene and the least reactive toluene among alkyl-
benzenes with 0.2 g of catalyst at 280 °C and with 0.5 g
at 350 °C, respectively. The results are shown in table 1
together with those for SiO,~Al,O; for comparison
and with their conversions of cumene. The present cat-
alysts, 5%-WO3/A1,03 (1000 °C) and 1%-WO3/Al,04
(1200 °C), showed the activities higher than those of
Si0,—Al,0O;5 for the decomposition of ethylbenzene to
benzene and ethylene and for the disproportionation of
toluene to benzene and xylenes. Although the activities
of 3%- and 5%-WO;/Al,O5; calcined at 1100 and
1000 °C, respectively, for cumene were higher than that
of SiO,~Al,03, that of 1%-WO3/A1,05 (1200 °C) was
lower. It is indicative that the latter sample heat-treated
at the quite high temperature holds little amounts of the
acid-strength suitable for the reaction of cumene on the
surface with the much small surface area described in
the next section. Aluminas without the tungstate
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Figure 1. Catalytic activities of 5%-WO3/AL,O; (a) and 1%-WOs3/
Al,O3 (b, ¢) for the cracking of cumene to benzene and propylene at
250 °C (a, ¢) and 300 °C (b) (0.05 g catalyst).

Table 1
Comparison of the activities of WO3;/Al,03 with those of silica-alu-
mina for reactions of alkylbenzenes

Catalyst Conversion (%)
Toluene®  Ethylbenzene®  Cumene®

ALO; (1000 °C) 0 0 0
Al,05 (1200 °C) 0
1%-WO3/Al,05 (1200 °C) 0.6 1.3 7.9
3%-WO;/Al,05 (1100 °C) 12.3
5%-WOs3/ALO5 (1000 °C) 8.7 39 225
Si0,—Al,04 0.1 0.4 10.8

#Reactions with 0.5 g of catalyst at 350 °C.
PReactions with 0.2 g of catalyst at 280 °C.
“Reactions with 0.05 g of catalyst at 250 °C.

calcined at temperatures above 1000 °C were inactive at
all for the three reactions.

Specific surface areas of 5%-WO3/Al,053 (1000 °C)
and 1%-WOs/Al,05 (1200 °C) were 30.2 and 7.7 m%/g,
respectively, compared with 4.8 m%/g for AlLO;
(1200 °C), indicating increase of the area by the addition
of W.

Analysis of the surface acidity using Ar as a probe
was performed. There exist problems when temperature-
programmed desorption (TPD) technique is applied to
solid acids with high acidity by using probes such as
ammonia and pyridine. Ar was found to be applicable as
a probe [8, 9]. The adsorption heat was calculated from
a temperature dependence of amount of Ar adsorption
at temperatures from —30 to —60 °C to be —16.4 and
—14.7 kJ/mol for 5%-WO3/Al,0; (1000 °C) and 1%-
WO;/AlL,0; (1200 °C), respectively, compared with
—14.4 kJ/mol for SiO,~Al,O3 [10, 11]. Thus, the acid
strength of the both catalysts is higher than that of
SiO,—Al,Oj3; the strength is in harmony with the activi-
ties for decompositions of alkylbenzenes.

To the best of our knowledge this is the first synthesis
of a ceramics acid with fairly high acidity on the surface
of alumina, its acidity being higher than that of silica-
alumina. The materials are obtained by calcining
aluminum hydroxide impregnated with ammonium
metatungstate (1-5 wt% W) at 1000-1200 °C in air.
Solid acids calcined at temperatures above 1000 °C are
termed ‘“‘ceramics acid”’.
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